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Abstract. In this article, we apply thermodynamics and two-dimensional finite element to set up the 
temperature model and use PDETOOL in MATLAB to obtain the distribution of temperature of the 
water bath. 

Firstly, based on the time and space,we formulated a model to account for the average 
temperature of the water bath and the flow rate of the water from taps.Then we analyze the 
two-dimensional finite element.We try to find out the factors that affect the temperature distribution, 
such as the position the faucet and shape of the bath tub.And we find that the oval bathtub is better 
than the rectangular tub in terms of water saving.We take the oval tub as an example, and get the 
temperature distribution and energy flow of the bath. 

Introduction 
Taking into account the manufacturing process and the limitations of the family space, we 

choose the main bathtub shape on the market.The circular bathtub,the oval bathtub and the 
rectangular tub are common.Through a simple market survey, the circular bathtub has been 
excluded because of its low market share.In the investigation of the main dimensions of the bathtub, 
the length of the bathtub must ensure the comfort of people lying.This paper assumes that it must be 
more than the length of body. 

Model 
Question Analysis. 
We drew a long axis 1.5m and short axis 0.8m oval bathtub with the water inlet and the water 

outlet.Generally, the water outlet should be placed in the long axis, the water inlet can be based on 
the actual situation.We make use of the Matlab PDETOOL to scatter the upper surface of water into 
a finite small triangle.Each node is a vertex of a triangle.The temperature of the node is taken as an 
independent variable, and the default interpolation function is used in the PDETOOL toolbox. 

Model building and solving. 
According to the heat transfer equation, the bath water wall, air and people can be expressed as: 

 
Assuming that the water in the bathtub is the same in all directions, the heat transfer coefficient 

is constant, the equation can be expressed as: 

 
Bath water temperature is kept constant, the heat of the hot water faucet is about equal. Without 

hot water, the bathtub can be regarded as a steady heat transfer. Then the equation can be expressed 
as: 
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In order to simplify, we focus on two-dimensional heat transfer, that is, from the top of the bath 
temperature and heat distribution. 

Based on the two-dimensional plane, the equation is reduced to: 

 
The above equation is two order partial differential equation, but also need to consider the water 

inlet and the water outlet, so it is difficult to get the accurate solution.In this paper, the finite 
element numerical simulation method of MATLAB is used. 

 
Figure1. Distribution of bathtub with different shapes 

The flow of hot water and the size of the bathtub will affect the water temperature distribution. 
The results are as follows Figure2,3,4: 

 
   Figure2. Original figure          Figure3. Change the flow of hot water 
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Figure4. Change the size of the bathtub 

Figure 2 is as a reference. Figure 3 shows a lower heat flow, and we can find a corresponding 
decrease in the overall water temperature. Compared with Figure 2, Figure 4 indicates that the 
temperature is higher when the bath volume is reduced. When the water temperature and the 
volume of the bathtub are certain, the lower temperature is caused by the lower flow rate. 

Conclusions 
We can draw a conclusion from the above discussion, in order to achieve the purpose of saving 

hot water, the filling nozzle shall be located close to the bath center; when the water flow and the 
temperature from the hot water nozzle remains stable, considering the water and heat preservation, 
the oval bathtub is better than rectangular tub.when the size and comfortable bathtub are certain, 
volume is smaller, the flow rate is less. 
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