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ABSTRACT 
 

The determination the best epoxy composite reinforced with talc and fiber glass that can be used for insulation in hot 

water storage applications is investigated in this study. Numerical simulations, using a computational fluid dynamics 

software, were carried out on various percentage mixtures of epoxy composite reinforced with talc and fiber glass cured 

at different temperatures and their performance as insulators for water heating tank was analyzed and compared with 

other materials. Thereafter, experimental tests were carried out on the chosen composite that is fabricated and results 

obtained compared with those obtained numerically. Results obtained showed that the epoxy-based composite cured at 

75ºC is the best insulator for hot water storage. Also, when the interface maximum temperature at the inner tank 

wall/composite for all the 40 different fiber-glass/talc filled epoxy composites were compared with two common mate-

rials - fiber-glass and epoxy, 16 of these composites possessed better heat storage capabilities than fiber glass and 

epoxy. This shows that fiber-glass/talc epoxy composites are good replacements for existing materials used for insula-

tion in hot water storage applications. 

Keywords:  Composite; Insulator; Hot water storage; Epoxy; Talc; Fiber-glass  

1. INTRODUCTION 
 

The optimum insulation thickness in walls and roofs of 

houses, on hot water pipes, or water heater tanks, are deter-

mined based on the analysis of heat transfer amongst other 

considerations (Cengel, 2002). The use of different materials 

for thermal insulation has been previously investigated nu-

merically and experimentally. Examples are fiber-glass wool 

and sawdust (Chaurasia, 1992), phase change materials 

(PCMs) (Álvarez-Pardiñas et al., 2015), super-insulating ma-

terials such as vacuum insulation panels, aerogel based prod-

ucts and encapsulated PCMs (Fantucci et al., 2015; Lasmar, 

2018). Composite materials in recent times are used in many 

engineering applications because of their desirable properties. 

Some of these properties are, high specific strength and stiff-

ness, long fatigue life, high creep resistance, low coefficient 

of thermal expansion, low density, low thermal conductivity, 

better wear resistance, improved corrosion resistance and 

better temperature dependent behavior (Kumar et al., 2010).  

The composite chosen for consideration in this study is 

epoxy reinforced with fiber- glass/talc filler. Epoxy resins, 

otherwise called poly-epoxides, are a class of receptive pre-

polymers and polymers which contain epoxide groups (May, 

2018). Epoxy resins despite their good mechanical and ther-

mal properties have a disadvantage in that they reduce the 

control of thermal dissipation and thermal insulation and 

therefore reduce impact/fracture toughness for structural 
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components (Heo et al., 2011). Therefore, fillers are needed 

to improve their thermal insulation property (Heo et al., 2011; 

Baptista et al., 2016). Fiberglass, which is also glass-fiber re-

inforced plastic, is more flexible than carbon fiber, relatively 

cheaper, has high strength with the ability to be molded into 

complex shapes (Mayer, 2012) while talc is a mud mineral 

made out of hydrated magnesium silicate. The composite 

considered in this study was fabricated by Omotinuola et al., 

(2017) and their compressive behaviour was experimentally 

investigated. The thermal properties of all the different com-

positions of these same fiber-glass/talc epoxy composites, 

which includes, thermal conductivity, specific heat capacity, 

and thermal diffusivity, had been previously determined at 

different curing temperatures (Zelibe et al., 2019). The ob-

jectives of this study is to numerically determine the best fi-

ber-glass/talc epoxy composite for insulated water heaters, 

experimentally test the thermal performance of the fabricated 

composite and compare the experimental with the numerical 

results.  

2. MODEL DESCRIPTION 

 

The physical model of the fabricated hot water storage tank 

with the insulation is shown in Figure 1 below. It is cylindri-

cal in shape and fabricated from steel. The inner diameter of 

the tank is 22.86 cm, the outer diameter is 33.02 cm, the 

height of the tank is 17.78 cm and there is a 5.0 cm thick 

jacket to house the fabricated insulator between the outer and 

inner diameter of the tank. Stainless steel is the chosen mate-

rial for the tank because it is anticorrosive can resist high 

temperature. There are two pipes attached to the tank. One 

supplies water to the tank and the other drains water from it. 

The pipes are made from galvanized steel and the dimension 

of the pipe is 1.27 cm.  

The ANSYS Design Modeler was used to draw the physical 

model and the mesh geometry of the tank used for the numer-

ical investigation shown in Figure 2 was automatically gen-

erated by the mesh tool of the ANSYS workbench. The tem-

perature of the water in the tank is assumed to be 50ºC while 

the ambient temperature is 25ºC. The transient three dimen-

sional numerical simulation is carried out for 60 minutes. 

 

Figure 1: Physical model of water heater 

 

 

 

Figure 2: Meshed tank 
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Table 1 shows the grid refinement test carried out to select 

the appropriate mesh size to be used. The average tempera-

ture of the hot water (Tavg) in the inner tank after 60 minutes 

was monitored. The number cells chosen was 505,895 to re-

duce computational time because a further increase in the 

number of cells gave a convergence criterion of less than 1%. 

Table 1: Grid refinement test of physical model 

 

Number of cells 
Tavg (ºC) 

   
 

iavg

iavgiavg

T

TT 
1

 

337 263 42.8900 - 

505 895 42.7592 0.00304 

741 822 42.6287 0.00305 

 

3. RESULTS AND DISCUSSION 

 

3.1. Numerical Results 

Heat transfer from the hot water to the composite is modelled 

as a free convection problem. The governing non-linear par-

tial differential equations for fluid flow and heat transfer is 

shown in Equations (1) to (3). These equations are solved us-

ing a ANSYS Fluent computational fluid dynamics tool 

which employs the finite volume method and results obtained 

are presented in this section. The fluid is assumed to be a 

Newtonian incompressible fluid with temperature dependent 

properties.  

∇. 𝐕 = 0                … (1)                                           

 

𝜌
𝐷𝐕

𝐷𝑡
= 𝜌𝐠 − ∇𝑝 + ∇. (𝜇∇𝐕)         …            (2)                                        

𝜌𝑐𝑝
𝐷𝑇

𝐷𝑡
= ∇. (𝑘∇𝑇) + 𝑞′′′ + ∇𝐕𝛕       …     (3)                                                

At the walls the velocities u, v and w are all zero. 

Numerical results of the minimum, maximum and average 

temperatures of pure epoxy and fiberglass were first obtained 

and compared to results obtained for the 40 different fiber-

glass/talc epoxy composites (Zelibe et. al., 2019) investi-

gated in this study. Pure epoxy and fiber-glass were chosen 

because (i) pure epoxy is the matrix of the fiber-glass/talc 

epoxy composite having largest percentage in the composi-

tion and (ii) fiberglass wool is commonly used as an insulator 

in water heaters because it provides excellent insulation. The 

results of minimum and maximum temperature of fiberglass 

and epoxy as insulators is shown in Table 2.  

Table 2: Temperature results for Fiberglass and Epoxy 

Insulation 

material 

Temperature (ºC) 

Minimum Maximum Average 

Epoxy 24.8840 48.8600 33.8450 

Fiberglass 24.8885 49.1023 34.5691 

From the results in Table 2, it can be seen that the temperature 

of fiberglass at the inner tank wall/composite interface (max-

imum temperature) is higher than that of epoxy. This indi-

cates that pure epoxy conducted less heat when used as an 

insulator under the conditions considered. Also, the temper-

ature of both materials at the outer tank wall/composite inter-

face (minimum temperature) was approximately the same 

and very close to the room temperature. This showed that 

there was very little influence from the ambient temperature 

on the temperatures of the insulation materials. Temperature 

contours of these results are shown in Figure 3. 

 

https://www.bayerojet.com/


               ISSN: 2449 – 0539  

 BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.16 No.1, JAN, 2021 PP 23-30 
 

Also available online at https://www.bayerojet.com  26 

 

 

 

(a) 

 

 

(b) 

Figure 3: Temperature distribution in the water heater for different 

insulation materials (a) Epoxy (b) Fiberglass 

 

3.1.1. Numerical results for composites cured at 50˚C 

The codes used to represent the different mix of the compo-

sites shown in Table 3 are explained in details in previous 

work published (Zelibe et al., 2019). Table 4 shows the nu-

merical results of the maximum, minimum, and average tem-

peratures of the composites which were cured at temperature 

of 50ºC. Composite 2E has the lowest inner tank wall/com-

posite interface temperature which shows it has the highest 

resistance to heat flow when compared to all the other com-

posites cured at 50ºC. 

 
Table 3: Codes representing different mix of composites 

Code Particle 

size 

(microns) 

Epoxy % Fibre-

Glass % 

Particle % 

1B 75 90 5 5 

1C 75 80 10 10 

1D 75 80 15 5 

1E 75 80 5 15 

2B 106 90 5 5 

2C 106 80 10 10 

2D 106 80 15 5 

2E 106 80 5 15 

 

Table 4: Temperature results for composites cured at 50ºC 

Composite 

Type 

Temperature (ºC) 

Minimum Maximum Average 

1B 24.892 48.934 34.497 

1C 24.8904 49.029 34.5433 

1D 24.8896 49.0404 34.5345 

1E 24.8915 48.9531 34.5101 

2B 24.8896 49.0689 34.5623 

2C 24.891 48.9873 34.5255 

2D 24.889 49.088 34.5525 

2E 24.8918 48.8365 34.31 

 

3.1.2. Numerical results for composites cured at 75˚C 

 

Table 5 shows the numerical results of the maximum, mini-

mum, and average temperatures of the composites which 

were cured at temperature of 75ºC. Composite 1D has the 

lowest inner tank wall/composite interface temperature of 

48.2232˚C for all composites cured at 75˚C. 

Table 5: Temperature results for composites cured at 75ºC 

Composite 

Type 

Temperature (ºC) 

Minimum Maximum Average 

1B 24.8909 48.9807 34.5106 

1C 24.8985 48.6634 34.413 

1D 24.9084 48.2232 34.2367 

1E 24.8913 48.9692 34.5179 

2B 24.8914 48.7483 34.1746 
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2C 24.8884 48.9921 34.3444 

2D 24.9049 48.3757 34.2989 

2E 24.8899 49.0245 34.4906 

 

3.1.3. Numerical results for composites cured at 100˚C  

 

Table 6 shows the numerical results of the maximum, mini-

mum, and average temperatures of the composites which 

were cured at temperature of 100ºC. Composite 1C has the 

lowest inner tank wall/composite interface temperature of 

48.3559˚C for all composites cured at 100˚C. 

 

Table 6: Temperature results for composites cured at 100ºC 

Composite 

Type 

Temperature (ºC) 

Minimum Maximum Average 

1B 24.8934 48.8052 34.3326 

1C 24.9053 48.3559 34.2882 

1D 24.8949 48.8011 34.4536 

1E 24.8899 49.052 34.5532 

2B 24.8933 48.8901 34.4951 

2C 24.8914 48.97 34.5182 

2D 24.8896 49.0404 34.5386 

2E 24.8794 48.8374 33.4507 

 

3.1.4. Numerical results for composites cured at 125˚C  

 

Table 7 shows the numerical results of the maximum, mini-

mum, and average temperatures of the composites which 

were cured at temperature of 125ºC. Composite 2B has the 

lowest inner tank wall/composite interface temperature of 

48.6259˚C for all composites cured at 125˚C. 

 

Table 7: Temperature results for composite cured at 125ºC 

Composite 

Type 

Temperature (ºC) 

Minimum Maximum Average 

1B 24.8894 49.0147 34.4559 

1C 24.8959 48.7767 34.4541 

1D 24.8903 49.0142 34.5327 

1E 24.8909 49.0033 34.5368 

2B 24.8992 48.6259 34.3978 

2C 24.8928 48.8339 34.3561 

2D 24.8907 49.0106 34.5394 

2E 24.8982 48.6537 34.3924 

 

3.1.5. Numerical results for composites cured at 150˚C 

Table 8 shows the numerical results of the maximum, mini-

mum, and average temperatures of the composites which 

were cured at temperature of 150ºC. Composite 2E has the 

lowest inner tank wall/composite interface temperature of 

48.6048˚C for all composites cured at 150˚C. 

Table 8: Temperature results for composite cured at 150ºC 

Composite 

Type 

Temperature (ºC) 

Minimum Maximum Average 

1B 24.8906 49.0165 34.5425 

1C 24.8895 49.049 34.5497 

1D 24.8773 48.7863 33.2097 

1E 24.8903 48.9654 34.4277 

2B 24.8915 48.7489 34.2103 

2C 24.8945 48.847 34.4814 

2D 24.8909 48.9312 34.4026 
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2E 24.8996 48.6048 34.3893 

 

Comparing the maximum temperature inner tank wall/com-

posite interface to the maximum interface temperature when 

pure epoxy is used as the insulating material, sixteen compo-

sites showed better insulating property than epoxy as shown 

in Table 9. From the table it is clear that the composite with 

the least maximum interface temperature is composite 1D 

cured at 75ºC. We can conclude that composite 1D is the fi-

ber-glass/talc epoxy composite with the best thermal insula-

tion properties. This composite is chosen for fabrication to be 

used for the experimental testing. 

Table 9: Selected composites 

Cured  

Temperature (ºC) 

Selected  

Composite 

Maximum Temperature 

(ºC) 

50 2E 48.8365 

 

75 

 

1C 48.6634 

1D 48.2232 

2D 48.3757 

 

 

100 

 

1B 48.8052 

1C 48.3559 

1D 48.8011 

2E 48.8374 

 

 

125 

 

 

1C 48.7767 

2B 48.6259 

2C 48.8339 

2E 48.6537 

 

 

150 

 

 

1D 48.7863 

2B 48.7489 

2C 48.8470 

2E 48.6048 

 

3.2. Experimental Technique and Results 

The results obtained numerically showed that the composite 

1D cured at 75˚C had the best thermal performance insulat-

ing a water heater. This was chosen for the experimental in-

vestigation presented in this section. The percentage mixture 

of the composite is 80% of epoxy, 15% of fiberglass and 5% 

of talc. The results obtained from this experiment are then 

compared with the numerical results presented in the previ-

ous section. The dimensions of the fabricated water heater 

with the composite and fluid is shown in Table 10. 

Table 10: Dimensions of water heater tank used for the experiment 

Tank  

height  

(cm) 

Outer 

diame-

ter 

(cm) 

Inner 

diame-

ter 

(cm) 

Compo-

site 

thick-

ness 

(cm) 

Compo-

site 

height 

(cm) 

Fluid  

height 

(cm) 

17.78 33.02 22.86 5.08 17.78 17.78 

 

The composite is prepared using hand lay-up method and left 

to cure for 24 hours. Post curing of the composite in oven 

with a holding time of 120 minutes. For the experimental 

tests, room temperature is monitored and found to be 31ºC. 

Sensors are placed at different points at the inner tank 

wall/composite interface as well as outer tank wall/compo-

site interface. The water in the tank is heated with a boiling 

ring and the temperature of the water is monitored with a 

thermometer till it is 50ºC and then the heat source is cut off. 

The temperature readings are recorded from the sensors and 

compared with the numerical results. 

Figure 4 shows the mold used in preparing the composite and 

Figure 5 shows the composite after curing and post curing. 

The galvanized steel mold is cello taped to ensure easy re-

moval of the composite after it has cured in the mold for 24 

hours. The mixture of the epoxy, fiber glass and talc is mixed 

and then poured into the cavity. After curing at room temper-

ature for 24 hours, the composite is post cured in an oven at 

75ºC for an hour and then machined into shape to fit into the 

tank cavity.  
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Figure 4: Mold for preparing the composite 

 

 
(a) 

 

(b) 

Figure 5: Composite 1D (a) after curing for 24 hours (b) post cured 

at 75˚C 

 

Figure 6 shows the tank with the sensors used to monitor the 

interface temperature. The numerical simulations for compo-

site 1D was rerun at 31˚C ambient temperature since this was 

the ambient temperature when experiments were performed. 

A comparison between the new numerical and experimental 

results are shown in Table 11. 

The variation in the maximum temperature when the experi-

mental results were compared to the numerical results is 

about 2˚C. This temperature difference could be attributed to 

the +2ºC or -2ºC error in the digital sensor used to record the 

experimental temperature and the little clearance as a result 

of machining between the tank and composite. 

 

 

Figure 6: Tank cover showing the sensors 

 

Table 11: Comparison between experimental and numerical results 

 Minimum Temperature 

(ºC) 

Maximum Temperature 

(ºC) 

 Experiment Numerical Experiment Numerical 

Sensor1 32.40 
32.33 

46.07 
48.08 

Sensor2 32.40 
32.36 

47.58 
49.44 

Sensor3 32.46 
32.36 

47.47 
49.41 

 

3.3. Conclusion 

In this study, a numerical and experimental investigation of 

the performance of fiberglass/talc-epoxy insulated water 

heaters was carried out with the following conclusions.  
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 Numerical results showed that 16 of the 40 fiber-

glass/talc epoxy composites performed better than 

epoxy as insulating material. 

 Composite 1D which is made up of 80% of epoxy, 

15% of fiberglass and 5% of talc had the best result 

as an insulating material for water heaters. 

 The variation in the maximum inner tank wall/ com-

posite interface temperature obtained numerically 

and experimentally is about 2˚C. 
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