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Abstract 

The internal structure of solar energy storage water tank partition design was carried out in this paper. The energy storage tank 
with different internal structure had been simulated to analysis convective heat transfer mechanism in the water tank by using CFD 
method. The temperature stratification mechanism of water tank had been deeply analysed to improve the availability of storage 
tank as the goal based on the heat transfer and flow field synergy theory. The calculation results showed that the partition plate in 
the water tank could obviously improve the effect of hot and cold stratification of the water tank, so that a good effect of cold and 
hot stratification from left to right could be achieved; The influence of flow field on temperature field had been studied by analyzing 
the degree of synergy between velocity vector and temperature gradient vector, The flow resistance, drag reduction mechanism 
and influencing factors in the water tank were studied by analyzing the synergy between the velocity vector and the pressure 
gradient vector; Through the adjustment of internal structure and the change of water flow and heat transfer and pressure gradient 
direction, that was to change the angle between the velocity and the temperature gradient and the velocity and pressure gradient, 
and It could effectively improve the energy storage and delamination effect of the water tank; and provided a theoretical basis for 
the future design of efficient solar energy storage tank with low flow resistance. 
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1. Introduction 

Solar energy is the fundamental source of all types of energy currently used by humans, including fossil fuels, 
hydraulic power,and wind power. Solar energy is almost unlimited in its supply, has minimal environmental impact, 
and is available free of charge. In fact, solar thermal energy has long been utilized to reduce the energy requirements 
for heating in both domestic and industrial settings[1,2].  

A typical example of solar energy utilization is solar domestic hot water (SDHW) systems that collect and store 
solar thermal energy in the form of hot water for domestic use. Solar energy stratified water tank had been carried out 
to research on the basic laws of temperature stratified for solar energy water tank. In 1977, Lavan and Thomp-
son[3]conducted an experimental study of the hot water temperature stratified storage system, which  
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confirmed the phenomenon of temperature stratification in water storage, and proposed the factors affecting the tem-
perature stratification. In 1978, Gretarsson S P et al[4] investigated the influence of dimensionless parameters on  
the development of thermocline, such as Rayleigh number and Prandtl number. In 1989, a one-dimensional model of 
temperature stratified thermal storage tank was established by Zurigat and Maloney et al[5], and an empirical based 
mixed parameter was introduced to simulate the three-dimensional model. In 1991, A., J., Ghajar[6] et al. Studied the 
influence of different inlet geometries on hot and cold water mixing during the turbulent flow of a heated water tank. 
In 1999, J, van, Berkel[7], et al. Established a stratified thermal storage model of two layers. The mixing phenomenon 
of hot and cold water was explained in detail by experiment and numerical simulation. The mixing mechanism of cold 
and hot water mixing surface was investigated. In 2001, R M Ramsayer[8], et al. Established a horizontal cylindrical 
heat storage tank model, and used numerical simulation to study the variation of temperature gradient in the water 
tank. In 2001, S, Knudsen[9], et al conducted a numerical simulation of solar hot water system, and tested the Danish 
domestic hot water system. In 2004, Gao Yuefen and Wei Bing[10] et al designed storage tank with regulator, the 
regulator reduced the disturbance of water flow with uniform flow uniform distribution of hot and cold water. In 2008, 
Han Yanmin[11] et al. Proposed a new type of horizontal storage tank, the water tank with the same volume of the 
same shape and different internal structures were analyzed through numerical simulation. partition plates were ar-
ranged to control turbulence and to inhibit the increase of cold and hot water mixing in the water tank, which could 
achieve good heat partition. In 2009, A, Aviv and Y, Blyakhman[12], et al. Studied the solar energy storage water 
tank by numerical simulation and experiment respectively. In 2009, Wang Dengjia and Liu Yanfeng[13] carried out 
the numerical simulation analysis on the heat storage tank of multi node model, compared various conditions that the 
entrance velocity was in the range of 0.01~0.05 m / s, the best effect of temperature stratification had been obtained 
in the water tank. 

At present, the research of solar energy storage water tank is mainly based on the analysis of the causes of temper-
ature stratification in the water tank, the influence of the dimensionless parameters on the stratification, the mixing 
mechanism of the cold and hot water mixing surface, etc. From the structure the impact of internal temperature strat-
ification of measures such as the shape of the entrance, different diameter ratio and setting the diffuser has been 
investigated mainly for cylindrical tanks. There is little research on the large volume horizontal water tank, especially 
the influence mechanism of the flow inside the large horizontal water tank on the heat transfer, and the influence of 
the arrangement of the inner structure of the water tank on the temperature stratification. 

The mechanism of the influence of large volume of horizontal tank temperature stratification had been simulated 
based on the CFD(Computational Fluid Dynamics) methods. To improve the energy availability of storage tank, the 
water temperature stratification mechanism has been deeply analyzed by using the field synergy theory for advanced 
flow and heat transfer theory and the irreversible thermodynamics theory.  

2. Geometric model and mathematical description of solar energy storage water tank 

The transient heat transfer characteristics of a solar energy storage tank are numerically simulated by means of 
CFD simulation. By analyzing the flow field and temperature field, the structure of heat transfer and fluid flow in the 
original design had been improved. On the premise that the basic structure size of the water tank remains unchanged, 
the influence of the inner structure of the tank on the temperature stratification effect of the water tank had been 
numerically simulated. The whole tank size was 6.5m× 6.0m× 4.2m, scheme 1 was the arrangement of 10 baffles 
from the left to right, each of the two partition form a fluid flow channel, makes the fluid flow along the upper and 
lower folding as shown in figure 1. Scheme 2 was divided into 18 separation spaces around the water tank, so that the 
fluid flowed from front to back, and then from left to right as shown in figure 2. 

Heming Yun, et al./ Procedia Engineering 00 (2017) 000–000
 

3

              
  Fig. 1. Schematic diagram of scheme 1                                          Fig. 2. Schematic diagram of scheme 2 

In order to study the influence of the inner structure of the water tank on the fluid and temperature field in the water 
tank, the following basic assumptions were made: 

(1) there was no external force and internal heat source in the water tank; 
(2) the water tank wall to the environment and the energy loss was negligible, the tank wall was regarded as adia-

batic boundary; thermal conductivity of partition in the water tank was very low; 
(3) in the process of energy storage, the inlet of the water tank was in a constant state. 
Based on the physical model involved in this paper, it was assumed that the flow in the tank was three-dimensional 

transient turbulence, and that the fluid was incompressible and isotropic with temperature dependent Newton fluid. 
The fluid flow was described by using the N - S equation and the energy conservation equation is used to describe the 
heat transfer of fluid.The simulation process was incompressible, unsteady flow, and the flow in the tank was turbulent. 
Considering the influence of gravity, the computational fluid was a variable physical condition[14,15]. 

3. Methods 

The transient  flow and heat transfer in microchannels had been simulated by using CFD methods and fluid-solid 
conjugate heat transfer problems. FVM(Finite Volume Method) had been adopted to  disperse equations. The contin-
uum equation, momentum equation and energy equation had been solved at the same time. In the computation the 
hypothesis is listed as follows:  

(1) the thermophysical parameter for fluid(water) is variable;  
(2) no slip on the wall for fluid;  
(3) the fluid flow is incompressible; 
(4) selecting turbulence model. The solving for governing equation is used SIMPLEC method.  
(5) The boundary conditions for inlets are set as uniform velocitys, the inlet temperature of water, the turbulence 

kinetic energy , the turbulence dissipation rate .  
(6) The boundary conditions for outlets are set as zero relative pressure. The computation can be taken for conver-

gence when the relative error of convergence is less than 10－6. 
Three dimensional modeling and meshing are the pre-processing part of computation. For the simulation calcula-

tion, high-quality mesh is an important guarantee for the calculation accuracy. The flow field in the solar energy 
storage water tank needs to consider the change of physical properties. For this kind of complex flow problem, the 
mesh partition is crucial to the success of the simulation. In this paper, the CFD software package, Gambit processor, 
was used to build the physical model and the subsequent meshing. For the partition in the water tank, because of its 
small thickness, thermal conductivity on the heat transfer effect along the thickness direction was very small, so no 
partitions in the grid, the tank grid was mainly reflected in the entrance and interior space. The meshes were as shown 
in Figure 3, shown in figure 4. In order to ensure the accuracy of the numerical simulation, all the calculation models 
had been subjected to strict mesh independence. 
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