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Abstract 
In the present era, a large amount of energy 
is being consumed in the field of domestic 
water heaters, especially in the cold 
countries. It has been found that very less 
research has been done in this field so as to 
provide an energy efficient domestic water 
heater by replacing the Poly-Urethane foam 
using smart materials. It works by 
optimizing the Efficiency of Heat Dissipation 
by Phase Transformation and minimizing 
the power consumption. In the present 
research, the conventional water heater has 
been modified with the outer shell made up 
of aluminum where in the smart material 
mix is filled and this is used to supply the 
required heat to heat the water. The water 
heater with modification has been tested 
successful where a larger amount of water 
was able to be heated up to the same 
temperature using the same amount of power 
thereby increasing its efficiency. 
Keywords: phase transformation, foam, heat 
dissipation. 

I. INTRODUCTION  
In the recent years the interest in metallic 

foam has increased considerably. Natively 
existing porous materials with higher stiffness 
and low specific weight exist and these 
examples prompted the development of artificial 
cellular materials made from polymers, ceramics 
and glass. It therefore seemed reasonable to 
make a cellular material out of metals since if 
this would be possible such foam could offer 
interesting perspectives due to the combination 
of the metallic properties and the special 
features of the foam. 

In the last 40 years many attempts have been 
made to produce metallic foam structures, they 
were not successful, because of their relatively 

high costs. Furthermore, it was not possible to 
produce metallic foam with reproducible 
properties. Problems occurred with a low 
formability of the molten metal, the varying size 
of cellular structures or solidification shrinkage. 
However, recently these issues have been solved 
by extensive research that has lead to the 
development of new production technologies. 
These new foaming technologies allow the 
production of foam of a significant higher 
quality. In particular the foaming of aluminium 
was successful. 

Demand water heaters are those that can be 
placed centrally like storage water heaters, or 
designed specifically to be placed near the point-
of-use. The demand water heater, despite 
providing energy and water saving advantages 
over the geyser, is usually only suitable as a 
supplementary device to a geyser, or as a 
replacement under suitable conditions. 

However, Henze, Yuill and Coward, 
Johnson and Clark and Wiehagen and Sikora 
agree that demand water heaters placed at the 
point-of-use are likely to provide opportunities 
for improved thermal and electrical efficiency. 
The agreement between these authors leads this 
study to move away from geysers and focus on 
developing the demand water heating concept. 
Unlike geysers, demand water heaters do not 
keep a full tank of water heated continuously at 
a pre-set temperature, so by comparison, they 
use no electricity when idle. Demand water 
heaters waste less water than geysers do as they 
are usually placed close to, or at the tap. Geysers 
promote significant heat loss in comparison to 
demand water heaters. Since geysers depend on 
the piping of heated water from the centralized 
geyser to the tap, significant heat losses occur in 
the pipes as a result of conduction and 
convection. Geyser, to a very small extent 
demand water heaters, waste additional energy 
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by elevating the water temperature in the tank to 
compensate for piping thermal losses. 

I. METHODOLOGY 
A. The embedded experimental model variant 

of mixed-methods research is used as the 
basis for this study. In this study, we first 
collect and analyze the quantitative data that 
measures the heating chamber performance. 
The heating chamber is then fitted with an 
outer shell having a clearance of 1 cm and 
the space between is filled with the smart 
material mixture (Aluminium 6063 + 
zirconium + nitinol tini ). Thus when heat is 
supplied to the smart material mixture, the 
blasting of aluminium takes place which is 
an exothermic process, where the aluminium 
atoms open up and the air fills the spaces in 
between, hence releasing a huge amount of 
energy. This energy is used to heat the water 
in the heating chamber. Thus when the heat 
from the smart material mixture is fully 
dissipated to the water, the decomposition of 
aluminium foam takes place and it is 
converted back to aluminium, and the 
process is repeated. The rationale for this 
methodological approach is that the study of 
device performance and user behavior 
provides a broader and deeper understanding 
of how to save water and electricity as both 
contribute to the efficiency of water heating. 

 
II. DESIGN OF DEMAND WATER 

HEATER 
The conventional water heater is fitted with 

an outer shell made of aluminium made by the 
conventional metal spinning process. This outer 
shell around the water heater is used for filling 
the smart material mixture of Aluminium 6063 + 
zirconium + nickel. Thus when the current is 
passed through the coil, this heats the water and 
also the shell surrounding it. Thus when the 
shell gets heated up, it acts as a heat exchanger 
where in the heat from the outer shell is 
transferred to the water in the inner shell thereby 
heating it. 

Table 1: Dimensions of outer shell 

 

 
II. TABLE 2: SPECIFICATIONS OF ORIGINAL 

WATER HEATER 
 
 
 

 
 
 
 
 

 

 

 

 

 

Figure 1outer shell 
 

Fig 2: Aluminum and Zirconium In outer Shell 

 
Figure 3 Water heater with modification 
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IV. RESULTS AND DISCUSSION 
 
 
 
 
 

 

V. CONCLUSION 
The water heater with modification has 

been tested successful where a larger amount 
of water was able to be heated up to the same 
temperature using the same amount of power 
thereby increasing its efficiency. The 
applications can be wide and within the cost 
reachable to the middle man. 

VI. SCOPE OF FUTURE WORK 
A heating coil is to be wound in the shell 

area of the filling so as to raise the 
temperature of the filling to about 300 
degrees in a much faster way thereby 
increasing its efficiency. Here the heating coil 
fills the shell area in which the smart material 
filling is placed. So when the smart material 
filling is added, the heating coil will be 
surrounded by the smart material filling on all 
sides. Thus when current is passed through 
the heating coil, the coil gets heated wherein 
the heat from the coil is transmitted to the 
smart materials, thereby heating the outer 
shell. This helps in heating the water in the 
inner container. 
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