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Abstract: The influences of different water tank shapes on
thermal energy storage capacity and thermal stratification in the
static mode of operation is investigated in this study under laminar
natural convection. A new experimental apparatus is built, and a
numerical model is developed to simulate the flow and heat
transfer in the water tank. Computational results agree with the
experimental data. Among the 10 different water tank shapes
studied, the sphere and barrel water tanks are ideal for thermal
energy storage capacity, whereas the cylinder water tank is the
least favorable. The thermal energy storage capacity is closely
related to the surface area of the water tank. According to the
characteristics of the velocity and temperature fields, these shapes
can be divided into three categories: shapes with sharp corners,
those with hemispheres, and those with horizontal plane surface.
Shapes with sharp corners have the highest degree of thermal
stratification, whereas the shapes with horizontal plane surface
possess the lowest That of the shapes with hemispheres lies in
between these two degrees. The thermal stratification of different
shapes is determined by the flow at the bottom of the water tank
and the heat transfer from the fluid to the environment.

Keywords: Tank, shapes, analysis, software, rectangular,
circular.

1. Introduction

In recent years, there has been much emphasis on water
supply projects all over the world, which are very essential for
the social and industrial development of the country. Water
tanks can be of different capacity depending upon the
requirement of consumption. Based on the location the water
tanks are classified into three ways: i) Underground water
tanks, ii) Tank resting on grounds, iii) Elevated or overhead
water tanks. Also, the water tanks are classified based on shape:
i) Circular tanks, ii) Rectangular tanks iii) Intz tanks, iv)
Circular tank with conical bottom, v) Spherical tanks.

2. Objectives

i) To analyze the underground water tank using software, ii)
To analyze water tank for the different shapes, iii) Comparison
with the manual calculations, iv) To check the stresses in the
water tank, v) To calculate the maximum moments and forces
in the water tank.

*Corresponding author: amrutabhende66@gmail.com

3. Review of Literature

Imanishi, Y., et al [1] studied for above-ground vertical
cylindrical storage tanks without any restraining element, such
as anchor bolts or straps, to prevent any overturning moment,
only the bending resistance due to the uplift of the rim of bottom
plate exists. This recommendation shows how to evaluate the
energy absorption value given by plasticity of the uplifted
bottom plate for unanchored tanks, as well as the Ds value of
an anchored cylindrical steel-wall tank. As the number of
smaller under-ground tanks used for the storage of water and
fuel is increasing in Japan, the Sub-committee has added them
in the scope of the recommendation and provided a framework
for the seismic design of under-ground tanks.

Nimade, A., et al [2] studied the recommendation has
accordingly included a new response displacement method and
anew earth pressure calculation method, taking into account the
design methods adopted by the civil engineering fraternity. For
silo design, additional local pressure which depends on
eccentricity of discharge outlet, and equations which give
approximate stress produced by this pressure are given in this
2010 publication.

Shakib, H. et al [3] studied idea for safe design with
minimum cost of the tank and give the designer the relationship
curve between design variable thus design of tank can be more
economical, reliable and simple. The paper helps in
understanding the design philosophy for the safe and
economical design of water tank. The wall of tanks subjected to
pressure and the base is subjected to weight of Water. In below
paper, reinforced concert resting on ground monolithic with the
base are design and their results are made optimum.

4. Modeling

e Model-VI: Rectangular water tank (7m X 11m) — 0.5m
thickness

e Model-VII: Circular water tank (8m diameter) — 0.3 m
thickness

e Model-VIII: Circular water tank (8m diameter) — 0.5 m
thickness

e Model-IX: Circular water tank (10m diameter) — 0.3 m
thickness

o Model-X: Circular water tank (10m diameter) — 0.5 m
thickness
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Fig. 1. Maximum absolute stress on the model-1
Table 1
i e ng Frequency of model-1
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Fig. 2. Maximum absolute stress on the model-2
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Fig. 3. Maximum absolute stress on the model-3
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Fig. 4. Maximum absolute stress on the model-4
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5. Conclusion

The maximum principal stress (top and bottom) is found to
be in the model-4 and the value obtained is 13.141 N/mm.

. While the minimum principal stress (top and bottom) is

observed in the model-10.

The maximum Von-Mis stress (top and bottom) is found to
be in the model-1 and the value obtained is 13.963 N/mm?
while the minimum Von-Mis stress (top and bottom) is
observed in the model-10.

The maximum Tresca stress (top and bottom) is found to be
in the model-1 and the value obtained is 15.235 N/mm?
while the minimum Tresca stress (top and bottom) is
observed in the model-10.

The models in the present work consists of the rectangular
and circular shape water tank with different sizes.

As the size of the rectangular water tank increases the
stresses on the plate are Parametric study of different shapes
of underground water tank also increased.

The circular water tank gives the minimum stresses as
compared to the rectangular water tank.

The frequency for the rectangular water is minimum as
compared to the circular water tank.

The stresses of the rectangular and circular shape also
depend upon the thickness of the water tank.
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