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In this paper, a new design to enhance the thermal performance of residential water heaters is suggested and investigated. The new design consists of using a mixer inside the water tank driven by electrical power. To proceed, experimental measurements are made by using thermocouples implemented in a water heater to study the thermal behavior. It is proved that the mixer could reduce the heating time about 20 min to heat water from 25 °C to 70 °C. In addition, the temperature homogeneity is also studied and it was shown that the temperature without the mixer could not be homogeneous within the water volume.

Introduction

The continuous increase in the world population obliges the increase of industries, houses, hospitals, vehicles, and electricity usage and then the increase of energy consumption. Since a long time ago, scientists and engineers have been making efforts in order to avoid energy crises or at least to reduce their severity. For instance, renewable energy sources became an important axis of research in order to reduce the non-renewable energy consumption [START_REF] Zhang | Optimization of Renewable energy penetration in Regional Energy System[END_REF][START_REF] Xie | Comprehensive Utilization of Renewable Energy for New Civil Buildings in Shanghai[END_REF][START_REF] Albatayneh | Renewable Energy Systems to Enhance Buildings Thermal Performance and Decrease Construction Costs[END_REF][START_REF] Elmais | Improving photovoltaic panel using finned plate of aluminum[END_REF][START_REF] Ammar | Using phase change material in under floor heating[END_REF][START_REF] Jaber | Effect of Exhaust Gases Temperature on the Performance of a Hybrid Heat Recovery System[END_REF][START_REF] Herez | Using Geothermal Energy for cooling -Parametric study[END_REF][START_REF] Agrouaz | Energy and parametric analysis of solar absorption cooling systems in various Moroccan climates[END_REF][START_REF] Khaled | Prototype implementation and experimental analysis of water heating using recovered waste heat of chimneys[END_REF][START_REF] Punnarapong | Performance evaluation of premixed burner fueled with biomass derived producer gas[END_REF][START_REF] Ramadan | New hybrid system combining TEG, condenser hot air and exhaust airflow of all-air HVAC systems[END_REF][START_REF] Ramadan | Using speed bump for power generation -Modeling and experimental study[END_REF]. In addition, an effective energy management became mandatory nowadays to reduce the consumption [START_REF] Hachem | Improving the performance of photovoltaic cells using pure and combined phase change materials -Experiments and transient energy balance[END_REF][START_REF] Khaled | Heating fresh air by hot exhaust air of HVAC systems[END_REF][START_REF] Khaled | Review of underhood aerothermal management: towards vehicle simplified models[END_REF][START_REF] Jaber | Short review on heat recovery from exhaust gas[END_REF][START_REF] Herez | Short review on solar energy systems[END_REF][START_REF] Khaled | Study of the thermal behavior of multi concentric tube tank in heat recovery from chimney -Analysis and optimization[END_REF][START_REF] Jaber | Domestic Thermoelectric Cogeneration System: Optimization Analysis, Energy Consumption and CO2 Emissions Reduction[END_REF][START_REF] Herez | Review on solar cooker systems: Economic and environmental study for different Lebanese scenarios[END_REF][START_REF] Ramadan | Modeling and sizing of combined fuel cell-thermal solar system for energy generation[END_REF][START_REF] Noghrehabadi | Experimental investigation of efficiency of square flat-plate solar collector using SiO2/water nanofluid[END_REF][START_REF] Bishoyi | Modeling and performance simulation of 100MW PTC based solar thermal power plant in Udaipur India[END_REF][START_REF] Li | Natural convective heat transfer in a walled CCPC with PV cell[END_REF]. This paper comes as a contribution in the energy management and offers a new idea or new axis of research encouraging people to think again in the energetic efficiency of some basic concepts considered as "optimized designs since a long time ago". Specifically, water heaters which are present in almost all kind of building were designed in a previous episode where the "energy management" had no sense yet. Scientists are definitely not surprised when they hear about enhancing the efficiency of such a device. Indeed, some recent studies have been performed in order to reach this objective especially with the revolution of the concept of Phase Change Material (PCM) [START_REF] Lu | Study on the performance of heat storage and heat release of water storage tank with PCMs[END_REF][START_REF] Deng | Thermal performance assessment and improvement of a solar domestic hot water tank with PCM in the mantle[END_REF]. On the other hand, the thermal stratification effect could also be a scientific key in reducing the heating time and the energy consumption [START_REF] Andersen | Theoretical comparison of solar water/space heating combined systems and stratification design options[END_REF][START_REF] Abdelhak | CFD analysis of thermal stratification in domestic hot water storage tank during dynamic model[END_REF][START_REF] Bouhal | Numerical modeling and optimization of thermal stratification in solar hot water storage tanks for domestic applications: CFD study[END_REF][START_REF] Wang | Experimental and numerical research of thermal stratification with a novel inlet in a dynamic hot water storage tank[END_REF]. For all these reasons, an experimental study in addition to a new design for standard residential water heater will be presented.

Basically there are two types of systems for the generation of hot water: instantaneous heating systems and storage heating systems [START_REF] Gómeza | Numerical study of the thermal behavior of a water heater tank with a corrugated coil[END_REF]. The energy used to heat water could be the electricity, fossil fuel, gas, wasted heat recovery or solar energy [START_REF] Assari | Numerical and experimental study of inlet-outlet locations effect in horizontal storage tank of solar water heater[END_REF]. However, the electrical water heater is one of the most widespread heaters in residential and public buildings. Thus, the present study is concentrated on storage heating systems with the particular case of electrical heating source.

Experimental setup

Experiments are performed on the 50 Liter water heater presented in Figure 1. The heater consists of an insulated tank and an electrical heater of 1200 W fixed at its bottom. The heater is equipped with a thermostat with a manual temperature selection to ensure the automation of the device. Basically, it is a commercial heater picked from the local market and conditioned to perform experiments with and without mixing. A mixer is introduced and fixed at the bottom of the heater. The mixer is driven by an electrical motor with a 90 W power. Two thermocouples are installed to ensure the measurements during the heating phase: one is fixed at the top and the other at the bottom. 

Experimental protocol:

First, the heater is filled by conditioned water (25°C) and heated to reach 85°C which is the maximum selectable temperature on the controlling device. During the heating phase, the temperature measurements by the two thermocouples are recorded. One campaign of measurements is carried out without mixing and another one with mixing to compare the effect of the mixer on the thermal behavior.

Results and analysis

Figure 2 shows the history of temperature measured at the top and the bottom of the heater when the mixer was not running. According to this graph, one can clearly identify two different phases: a phase of active heating and another phase in which the heater was automatically deactivated. During the heating phase the temperature at the top (T2) increases from 25°C and reaches 85°C after approximately 111 min of heating. Meanwhile, the temperature at the bottom (T1) slightly overcomes the 65°C. This difference of temperature demonstrates the non-homogeneous thermal behavior of stored water known as thermal stratification. It can also be concluded from Figure 2 that the "real set point temperature" of the heater is different from the one selected manually. Indeed the automatic device of the heater was calibrated by the manufacturer in order to overcome the difference in temperature between the top and the bottom of the tank. Thus, the heater automatically turns off when the top temperature reaches the selected set point temperature. Nevertheless the real set point is the temperature at the level of the thermostat which never reaches the selected set point temperature. According to the graph of Figure 2 when the selected set point is 85°C the real set point temperature is about 65°C.

The results of the second campaign are presented in Figure 3 which shows the history of temperature when the mixer was running. It is clearly seen that the temperature in this case is more homogeneous. The temperature at both thermocouple locations is approximately the same during the heating phase and the time required to automatically turn off the heater is reduced to 93 min instead of 111 min.

It has to be noted that the final thermal state of the water in the heater is different between heating with and without mixing. After heating with mixing, the total 50 Liters of water are at 72°C while in the case of no mixing the temperature was distributed between 65°C and 85°C along the height of the tank. These results are automatically obtained due to the automatic function of the electrical heater. In the case of heating without mixing, the heater stops when the lower temperature is about 65°C while in the case of heating with mixing the temperature of the thermostat reaches its "real setpoint" when the whole temperature reaches 72°C. 4 makes a comparison between the temperature histories for both cases with and without mixing. It shows that the gain in active heating time is approximately 18 min obtained when the mixer is rotating. This time reduction induces directly an energy reduction which can be calculated in a simple manner by multiplying the time by the power. The calculation must take into consideration the power of the mixer which must be added to the heater power in the case of heating while mixing (1200 W without mixer 1290 W with mixer). Thus a time reduction of 18 min is equivalent to an energy reduction of 0.794 kJ (0.22 kWh). Considering the total energy spent to heat the tank without mixing, which is 7.99 kJ, the energy saving is then 9.94%. Finally, Figure 5 shows different results summarizing the energy economies for different set point temperatures. These results show that the energy gain increases with increasing the temperature and become much more relevant for relatively high temperatures. The thermal behavior of water shown in Figures 3,4 and 5 can be explained as follows: first the behavior shown in Figure 3 was totally expected since the water heater is a simple device in which natural convection is predominant. Now the difficulty is in the prediction of the thermal state of the water in the tank when the customers start to use the hot water. In fact the random flow rate of hot water can induce different temperature gradient in the tank leading to different scenarios of start and stop of the electrical heater. For example, if hot water is required at high flow rates this leads to a non-uniform temperature of the consumed hot water which is not comfortable at all. Moreover the heater must be kept almost 115 min every time the user spends the 50 Liters, since it works like a heat accumulator. If the hot water is to be used at low flow rates, it may be very hot at the beginning (85°C), which is not very comfortable neither.

Results shown in Figure 4 are totally different and can be exploited in several ways. Basically the temperature variation with space and time shown in this figure is typical for instantaneous heating systems where the forced convection is predominant. In this case, the used hot water can have a constant temperature and doesn't need to any break since there is no accumulation of heat. The only way to obtain this comfortable result is by making a good sizing for the electrical heater and ensuring a good insulation of the pipelines.

Nevertheless, as mentioned in the introduction, the aim of this study concerns the heat storage systems. Thus these results should be exploited in such a system and this is how: water heaters have to be programmed in a way so that the mixer turns on only when the heater is on. In fact, the main role of the mixing is to ensure a high rate of heat transfer by ensuring a forced convection. Once the electrical heater is automatically shut down, the mixer should stop too allowing a thermal stratification only in the phase of storing of hot water. This stratification is nevertheless benefic since it allows using hot water on several occasions in a same day even if they were largely shifted along the 24 hours. Indeed, the hotter particles of water are "sucked" before the others since the hot water pipeline is fixed at the top of the tank where the hotter water accumulates. However, the thermal stratification is less pronounced in this case comparing to the case of heating without mixing, ensuring much more comfort. Moreover, the water heaters can also be equipped with many thermocouples distributed along the height of the tank which can ensure some anticipation in turning on the heater and mixer and to ensure much more comfort to the users. Finally a pertinent control is a control in which the user can make a balance between his comfort and savings.

Lastly the results shown in Figure 5 are of high importance too. They show that designing a water heater is not a very easy task and must be based on a pertinent prediction of the hot water use. The tank size and the set point temperature have a very high impact on the energetic efficiency and should be sized according to a well driven study. For heaters programmed with high set point temperatures the use of a mixer becomes necessary.

Conclusions

In this study, the thermal behavior during the heating of mixed-water is studied. It was noticed that the mixer could save the time of heating up to 18 min when using a commercial water heater of 50 Liters. Results obtained show that the energy required to heat 50 L of water starting from 25°C could be decreased by 9.94%. Moreover, the water temperature obtained is more homogeneous when the mixer is rotating ensuring much more comfortable conditions for the users. Other studies can be conducted in order to optimize the use of mixer according to the customer needs ensuring more economies and more comfort at the same time.
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 1 Fig. 1. The water heater tank equipped with two thermocouples, electrical heater and motorized mixer.
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 2 Fig. 2. Temporal variation of water temperature at the top and bottom of water tank without mixing.
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 3 Fig. 3. Temporal variation of water temperature at the top and bottom of the tank with mixer
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  Figure4makes a comparison between the temperature histories for both cases with and without mixing. It shows that the gain in active heating time is approximately 18 min obtained when the mixer is rotating. This time reduction induces directly an energy reduction which can be calculated in a simple manner by multiplying the time by the power. The calculation must take into consideration the power of the mixer which must be added to the heater power in the case of heating while mixing (1200 W without mixer 1290 W with mixer). Thus a time reduction of 18 min is equivalent to an energy reduction of 0.794 kJ (0.22 kWh). Considering the total energy spent to heat the tank without mixing, which is 7.99 kJ, the energy saving is then 9.94%.
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 4 Fig. 4. Temporal variation of temperature during heating with and without mixer.
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 5 Fig. 5. Variation of the required time and the energy required to reach prescribed temperature.