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ABSTRACT
2D-Single Phase heat and fluid flow analysis of solar domestic hot water (SDHW) storage tank has been carried out by using
CFD tools, ICEM for modelling & meshing and FLUENT for analysis. The tank fluid is in static mode. Heat diffusion and convective heat
loss from the tank without heater and with the involvement of additional heater is studied. After heating water gets lighter and moves upward
in the tank and cold denser water remains at the bottom of the tank. The movement of the water particles are also analysed to find the effect on
heat transfer and heat loss. Time transient analysis is focused on for a constant fixed temperature of water inside the tank and the heat drop is
captured. Investigation gives guidelines how long the water temperature can be maintain warmer within the tank while the tank is uninsulated.
If it is required to maintain temperature constant then the involvement of heater can be useful in what extend.

INTRODUCTION
Solar hot water storage systems are dependable on climatic condition. This system can provide up to 90 per cent
of our hot water for free using the sun’s energy. Solar systems cost more to buy and install but the extra upfront cost
will be recovered over the life of the system through reduced energy bills. It takes longer time to recover costs in
smaller households, in cooler parts of the country, or where access to sunlight is restricted. To provide hot water on
cloudy days or when demand of hot water exceeds especially during winter season then it needs to involve additional
heater to boost up the heating process and to maintain consistency of hot water supply at any time throughout the day.
Hot water storage tank is a vertical vessel made of steel which is used to store thermal energy in terms of water to
fulfil the domestic and industrial hot water demands. The operation of SDHW Storage tank is mainly of two types
forced convection SDHW Storage system and natural convection SDHW type. Natural convection SDHW storage
tank works based on the temperature and density difference of water. Initially the tank and collector piping is filled
with cold water. As the water gets heated up it becomes lighter and it rises up automatically and enters into the top of
the tank from solar collector. While cold denser water from the bottom of the tank fills the empty space within the
collector and collector piping. The schematic diagram of the SDHW system is as shown in Fig. 1.
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Fig.1: Schematic diagram of SDHW system.

PROBLEM DEFINITION
The Problem contains a study model vertical hot water storage tank. The storage tank is filled with
constant hot water temperature of 60 . Transient analysis of hot water tank is carried out using commercial
CFD Software. The tank is at static mode, there is no inlet and outlet of energy only heat diffusion and heat
movement takes place internally. Walls of the tank considered are uninsulated. A schematic of the model
vertical cylindrical storage tank is as shown in Fig. 2.The storage tank is having height of 1200mm and diameter
300mm. Inside the storage tank the water experience heating and cooling process due to temperature gradient
present there.

Fig.2: Schematic diagram of the Hot Water Storage Tank under study.
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Case1
The tank is filled with constant hot water at a temperature of 60 . It is uninsulated tank without any
electric heater inside. Heat diffusion occurs inside the fluid molecules and heat loss takes place through the
walls of the tank. Main intention of this case is to find out the diffusion rate and time taken for heat loss from a
constant hot temperature, if any tank is uninsulated. Fig. 3 illustrates the schematic diagram.

Fig. 3: Hot water in the tank at constant temperature.

Case2
Case 2 consists of same tank in size. The walls of the tank considered as uninsulated walls. The tank
contains one electric heater at the centre of the tank to keep warm water at constant a temperature of 60 with
less heat flow. This case investigates to maintain a constant hot water temperature and also to raise the
temperature when the tank water gets colder. Fig. 4 shows the schematic diagram.

Fig. 4: Hot water tank at constant temperature with electric heater.

NUMERICAL MODELING, SIMULATION AND ANALYSIS
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The most important aspects of CFD code are its ability to incorporate governing equations and
conservation laws. CFD code must apply conservation of energy, momentum and continuity equations for
steady state and transient behaviour. In this study geometric modelling techniques in fixed-grid schemes are
outlined including grid size and boundary layer construction in two dimensions.
Modeling
Proper and effective modelling of geometry is essential for the accuracy of numerical simulations. The
geometry created must satisfy the accuracy of simulation analysis, should be simple to permit simulation easily
and contains sufficient computational volumes to achieve accurate results. A two-dimensional SDHW storage
tank of length 1.2m and 0.30m width is created using ICEM software. Also meshing is done using ICEM
meshing tools. The tank contains hot water inside. The complete mesh geometric model is as shown in Fig.5.

Fig.5: Complete 2-D view of geometry having mesh size 18,360.
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Fig.6: Complete 2-D view of geometry with central heater with mesh size 18,360.

Simulation
The computational procedures used in FLUENT are complex and much research has gone into
developing the many algorithms used in FLUENT to sole the differential equations in fluid flow and heat
transfer problems. As a result, numerous algorithms and discretization schemes are used from FLUENT.
Transient CFD calculations are performed with a density of water as function of temperature, shown in equation
(1). The PRESTO and second order upwind method are used for the discretization of the pressure and
momentum/energy equations respectively. The SIMPLE algorithm is used to treat the pressure-velocity
coupling. The transient simulations start from a tank with hot water uniform temperature of 60 . The
calculation is considered as convergent for the continuity equation, the momentum equations and the energy
equation. The simulation runs with a time step of 1 s. Investigations are carried out to detect the optimal time
step and grid density.
Density, (kg/m3) ρ = 863 + 1.21*T – 0.00257*T2
Where, T is fluid temperature, [K].

(1)

Boundary conditions
After the computational domain is configured, it requires to set initial and boundary conditions. The
energy balance of equation is enabled and water properties are set via the Boussinesq natural convection. The
entire domain is initialized to a temperature of 60 . Also the convective heat transfer boundary condition is set
using the “Boundary Conditions” panel. The tank wall is specified as a nonadiabatic wall. The convective heat
transfer from the tank wall with the ambient surrounding temperature at
and surrounding tank wall
air average heat transfer co-efficient is 10w/m2 k is set. For natural convection gravity is enabled. The
gravitational acceleration is set to 9.81m/s2 in the negative y-direction. In case 2 the boundary condition is
applied in the central heater walls. To keep the tank water at a constant temperature of 60 the heater starts.
Convection heat transfer from the heater wall specified is 1000 w/m2k.
Analysis
The governing equations are solved and analyzed to determine temperature, flow path and momentum.
The energy equation is activated to solve buoyancy driven heat transfer equation using Bousssinesq equation.
Even though the tank is in static mode and no external mass and heat takes place, then to as internally heat
diffusion occurs, due to that flow of the atoms takes place also movement of the particles takes place so both
flow and momentum equation is also activated.
Natural-convection flow is modelled with Boussinesq approximation during CFD simulation. The
buoyancy for an incompressible fluid with constant fluid properties is modelled by using the Boussinesq
approximation in ANSYS FLUENT 6.3. The model uses a constant density fluid model but applies a local
gravitational body force throughout the physical domain which is a linear function of the fluid thermal
expansion coefficient (β) and the local temperature difference relative to a datum called the buoyancy reference
temperature. The Boussinesq approximation models the change in density using eq.4.
(ρ – ρref) = −ρref. .β. (T –Tref)
Where, T is the local temperature in K,
Tref is the buoyancy reference temperature in K,
β is the thermal expansion coefficient in K-1,
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ρref is the density of water in kg/m3 and
ρ is the local density in kg/m3
A zero velocity field is assumed at the start of all simulations. The calculation is considered convergent
for the continuity equation, the momentum equations and energy equations.

RESULTS AND DISCUSSION
Using ICEM software tools solid modelling and mesh is prepared. Fluent 13 has been used as solver.
The investigation starts with grid sensitivity test. As the time passes heat loss from the uninsulated walls of the
tank takes place. Through the walls of the tank cool water settles down and forms stratified water tank. Slowly
the level of cold water rises from the bottom part of the tank.
Case 1 CFD Result
It is seen that the tank cools as the time progresses. The darker regions indicate cooler temperature when
the heater is in off mode as shown in Fig. 6. Due to buoyancy driven natural convection currents and also heat
loss from the tank walls, the higher denser cold water settles down at the bottom of the tank. Fig. 7 explains
how the temperature drops gradient occurs due to heat loss from 60 to 47 . It takes 10 hours to drop down
temperature. These 10 hours is unavailable hot water temperature time.

Fig. a: Temperature contour after 04 hours.

Fig. a: Temperature contour after 08 hours.
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Fig. a: Temperature contour after 24 hours.

Fig. 7: Temperature drop from constant temperature of 60 .

Fig.8: Time v/s temperature plot in the tank when heater is OFF and temperature drop from the tank.

Case 2 CFD Results
To keep constant hot water temperature the heater can be switch on. The electric heater of capacity
1,000 watts can maintain a constant temperature of 60 with minor fluctuation of temperature. Fig. 9 shows the
temperature profile at different time interval. Because of this there is a heat input from the heater and losses
(output) of heat from the walls. So if we can keep heat input from the heater to an optimized value (that is equal
to the heat output from the walls) we can maintain the average temperature of water inside the storage tank at
constant value (initial temperature). Fig. 10 shows the pictorial view of the surface plot of temperature of the
water inside of storage tank with heater on and off at different time interval. Because of the heater being ON
and the heat losses being compensated temperature of the water inside the storage tank increases only 1°C
(virtually constant). It is shown in Fig. 11.
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Fig. a: Temperature contour after of 04 hours.

Fig. b: Temperature contour after of 06 hours.
Fig. 9: Temperature contour when the tank heater is switch on.
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Fig. 10: Plot of comparison when heater is ON and OFF in the storage tank

Fig. 11: Plot of temperature rise by 1°C while heater is on inside the storage tank at the centre of the tank.

Grid independent test
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Five different sizes of grids viz., 12,680, 18,360, 22,236, 36,780 and 73,440 are taken. These five grid
mesh domain are simulated for one hour. The values of Temperature v/s grid size are plotted as shown in
Fig.12. From the plotted graph it is found that the grid size 18,360 and 36,780 are grid independent. The grid
number 18,360 is used for all the cases.

Fig.12: Grid independent test

CONCLUSION
From the simulated results it can be concluded that SDHW storage tank installed should be insulated. Because
of uninsulation the constant hot water temperature inside the tank drops after of certain period due to heat
diffusion and natural convection from the tank walls and constant temperature becomes unavailable at all the
time. To keep temperature constant it needs to start heater. Heater can provide constant temperature but the
electric bill may rise. So to avoid cost and world emission it is better to maintain optimum insulation thickness
with good insulating material.
Further cases can be simulated in future with insulated tank. Also the position of the heater can be optimized.
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