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Abstract— Stratification in a storage tank is the key to proper 

functioning of any installation designed to meet the thermal 

requirements. This work deals with the modeling of a storage tank to 

better understand the thermal behavior of the latter. The impact of the 

injection rate in the case of charge and discharge of the tank, the 

presence of auxiliary camp systems and / or an internal heat exchanger, 

on the temporal evolution of the temperature in the tank is examined. 

Modeling the stratification is undertaken by subdividing the tank N 

(20) layers. An energy and mass balance is drawn in each node. The 

overall system of equations is solved by Crank-Nicolson’ method. The 

simulation results show that in the case of tank load, the last layer heats 

all the more rapidly as the injection flow rate is high. Furthermore the 

load by a heat exchanger placed in the bottom of the tank does not lead 

to a stratification in the latter. This charge mode thus tends uniformed 

the temperature in the tank.  In the opposite, the use of electric boost 

during tank charging leads to establishment stratification. 

  

Keywords— charge, rate of injection, solar water heater, 

stratification, tank storage.  

I. INTRODUCTION 

The risk of depleting fossil energy sources and preserving the 

environment [1], led the man to be interested in renewable 

energy sources, including solar energy. The development of the 

use of solar energy will be linked not only to its economic 

benefits, but especially to the protection of the environment, 

which is well suited for use DHW (domestic hot water) [2]. To 

allow a balance between production and consumption, the 

integration of a domestic water storage tank is essential in the 

production facilities of DHW (domestic hot water) [3]. 

Among the physical phenomena occurring in the tank and that 

may affect the performance of such an installation the 

stratification continues to raise the interest of many researchers 

[4]. It is in this sense that this work was conducted to better 

understand the thermal behavior of a storage tank. 

II.  MODELING OF THE SOLAR STORAGE TANK  

In our work, the multilayer model is selected to calculate the 

temperature of the water in the tank. The principle of this model 

is to divide the storage tank to N node of volumes Vi at  

constant temperatures Ti [5] (Fig.1). The tank (vertical 

cylinder) storage is in laminar regime. 
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Fig. 1. Multilayer model.             

 

The simplifying assumptions adopted are: 

• The regime in the tank storage (vertical cylinder) is laminar. 

• The volume of water in the tank remains constant although 

there is a slight expansion of the water. 

• The pressure of the tank remains at atmospheric pressure. 

• The model adopted will be the unidirectional type. 

 

The energy balance must consider all energy flows in and out 

of a node (layer), energy transfers associated with mass flow 

rate (Flow Injection, Qinject) conduction energy transfer (Qcond) 

by convection (Qcov) by extra power (Qaux), by the internal heat 

exchanger (Qhx) and convection of the water in the tank 

(between the flux layer, Qflue) (Fig.2). 

 

 
 

 

Fig. 2. Energy balance of a node i 

 

The differential form of the energy balance at a node i is: 
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The flow of energy exchanged by conduction between two 

layers (node i and i + 1) through their contact area Ac, assuming 

that at each layer, the wall and the fluid are at the same 

temperature is: 

 

 
 

The heat flux exchanged by convection between the storage 

tank and the air is expressed as: 

 

 
 

The flow from the injection of cold or hot water in the tank: 

 

 
 

The convective flow exchanged with a possible chimney: 

 
 

The flux produced by the heat exchanger is given by the 

relation: 

 

 
 

By replacing the various flows by their explicit expressions 

we obtain: 
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The system of equations is solved by the method of Cranck 

Nicolson. 

III. RESULTS AND DISCUSSION.  

   Different flow rates (0.04, 0.2, 0.4 and 0.6 kg /s) were injected 

at 60 °C in the top of a tank initially at 40 °C. The same flow is 

drawn at the bottom of the tank. 

    Examination of the curves of Fig. 3 makes it possible to note 

that for a low rate (0.04 kg / s) the first layer is rapidly heated, 

then transfers the heat to the second layer which in turn 

transmits to the third layer and so on until the layer 20 which is 

heated at the end of 240 min. The tank temperature becomes 

homogeneous after 11 hours. 
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Fig. 3.Temporal evolution of temperature node (injected flow of 0.04 kg / s) 

   

    For more important injection rates (0.2 kg / s, 0.4 kg / s and 

0.6kg / s), the process is similar except that the first layer heats 

faster and the time it takes to heat the layer 20 becomes shorter, 

50, 25 and 15 min respectively for flow rates of 0.2 kg / s, 0.4 kg 

/ s and 0.6 kg / s. It is also noted that the temperature of the tank 

becomes homogeneous after only 150, 60 and 45 minutes 

respectively for the above mentioned rates (Fig. 4, Fig. 5,  Fig. 

6) 
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Fig. 4. Temporal evolution of temperature node (injected flow of 0.2 kg / s) 
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Fig. 5. Temporal evolution of temperature node (injected flow of 0.4 kg / s) 

 
Fig. 6. Temporal evolution of temperature node (injected flow of 0.6 kg / s) 

 

 

When loaded with an internal heat exchanger 

    An internal heat exchanger type "coil", of length 18.6 m, and 

outer and inner diameters respectively of 15.9 and 12.7 mm is 

used to heat the tank. 

    This exchanger fed by a solar collector is placed in the last 

four nodes (17, 18, 19 and 20) of the tank. 

The temperature of the tank being initially 20 °C, a flow rate of 

0.1 kg / s of water is injected into the exchanger at an inlet 

temperature of 60 °C. 

    The almost superposition of temperature profiles for all 

nodes of the tank (Fig. 7) moves forward the load by a heat 

exchanger placed in the bottom of the tank does not lead to 

stratification within the tank. 

 

 
Fig. 7. Temporal evolution of the temperature in the tank node. 

 

Loading case with an electric auxiliary 

   In the case of tank charging (initially at a uniform 

temperature) using an electric heater (resistance 1.6 kW) at a 

height of 0.9 m, stratification is established (Fig. 8). When the 

tank of the high temperature reached 60 ° C, the resistance is 

stopped. 

   The temperatures of the nodes located above the resistance 

will gradually decrease while the tank lower nodes of the 

temperatures increase at first and then decrease thereafter. 

 
Fig. 8.Temporal evolution of the temperature of the node in the storage tank 

 

Influence of the injection rate (case of discharge) 

 

    Different flow rates (0.04, 0.2, 0.4 and 0.6 kg / s) were 

injected at 20 °C in the bottom of a tank initially at a uniform 

temperature of 40 °C. Simultaneously a similar flow is drawn in 

the upper part of the tank. The results obtained (Fig. 9, Fig. 10, 

Fig.11, Fig. 12) demonstrate good stratification in the tank for 

all cases. The temperature of the bottom of the tank decreases 

rapidly while that of the top  begins to drop from only 120, 60, 

30 and 24 minutes respectively for the rates 0.04, 0.2, 0.4 and 

0.6 kg / s.  
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Fig.9. Temporal evolution of temperature (when injected for a discharge rate of 

0. 04 kg / s). 

0 1 2 3

20

25

30

35

40

T
(°

c
)

Time(h)

 1

 10

 11

 12

 13

 14

 15

 16

 17

 18

 19

 2

 20

 3

 4

 5

 6

 7

 8

 9

 
Fig.10. Temporal evolution of temperature (when injected for a discharge rate 

of 0. 2kg / s). 
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Fig.11. Temporal evolution of temperature (when injected for a discharge rate 

of 0. 4 kg / s). 
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Fig.12. Temporal evolution of temperature (when injected for a discharge rate 

of 0. 6 kg / s). 

IV. CONCLUSION 

   The simulation results obtained are led to many comments. 

Noticeably, in the case of load of the tank, the last layer heats 

more quickly than the injection rate is high on the one hand and 

the time of temperature homogenization in the tank is shorter in 

the other hand. Thus, for an injection rate of 0.6 kg / s, the time 

taken for the layer 20 to be heated is around 15 minutes instead 

of 240 minutes for a rate of 0.02 kg / s. For the tank, it 

homogenizes after only 45 minutes in the first case instead of 11 

hours in the second case. Furthermore, the charge through an 

exchanger placed at the bottom of the tank does not lead to 

stratification in the latter. This charging mode thus tends to 

uniformize the temperature within the tank. In the opposite the 

use of an electric supplement during the charging of the balloon 

leads to the establishment of a stratification. 
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Nomenclature 

T Temperature of node i °C 

Vi Volume of node i m3 

M i Mass of node i kg  

Q Energy Flow W 

λ Thermal conductivity of water W/m.°C 
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∆λ Additional thermal conductivity W/m.°C 

h Heat transfer coefficients by convection W/m2.°C 

U Global exchange coefficient W/m2.°C 

m  
Mass flow Kg/s 

Cp Specific heat of water J/kg.°C 

∆x Distance between nodes m 

Ac Section area of the node i m2 

As Node i area in contact with the tank wall m2 

ΔMTD Average logarithmic temperature difference °C 

 

               Indices 

 

env Environment 

cond Conduction 

cov Convection 

echang Heat exchanger 

aux Electric auxiliary  

iso Insulation 

flue Heat flow 

bal Tank 
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