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Abstract. How to keep the water temperature even throughout the bathtub has attracted wide 
attention. In this paper, two models are established to analyze and discuss this issue. The entire work 
is composed of the analysis on water temperature distribution throughout the bathtub, the relation 
between water flow rate and temperature distribution and the effect of critical factors on water 
temperature.  

Introduction 

Background. As the acceleration of the pace of life and people’s working, bathing has been an 
increasingly important way to relax in our lives. It has a variety of functions for bathing with constant 
hot water temperature such as relieving stress, soothing emotion, cosmetology, slimming and 
improving sleep quality. Most people use the regular bathtub without a secondary heating system 
because of low price. Although this kind of bathtub only has the basic function of heat preservation, it 
still cannot meet the demand of keeping constant water temperature even throughout the bathtub. We 
are asked to build a model which keeps constant water temperature by controlling the amount of 
inflow water and the temperature of inflow water in the bathtub. Through the model, we can enjoy the 
constant water temperature with ordinary bathtub and a faucet. 

Symbol Description 

Symbol Definition 

1Q   Cooling water on the wall of the bathtub 
2Q   Heat from the faucet 

3Q   Heat dissipation of water surface 

4Q   Endothermic of human 

1λ   The thermal conductivity of bathtub 

2λ   The thermal conductivity of Water 

3λ   The thermal conductivity of the flesh 
T   The temperature we will keep in the bathtub 

1T   Temperature of hot water at inlet 

2T   The temperature of the bathroom 

3T   Human body temperature 
T∆   Change of temperature in unit time 
t  Time 

1δ    Bathtub thickness 

3δ   The width of human body 

4δ   Bubble thickness 
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1A   The area for Inner bathtub 

2A   The area of faucet outlet 

3A   The surface area of human body 

4A   The surface area of bubble   
c   Specific heat capacity of water 
ν   Faucet  water flow rate 
b   Constant variable 
α   Heat conversion factor 

bP   Partial pressure of vapor for saturated air. 

qP   The pressure of  water vapour for ambient air 

1m   Mass of  water in bathtub 

2m   Mass of  water from faucet 
ρ   Density of water 
V   Maximum water capacity in bathtub 

The Model 
Model : Thermodynamic model. In our daily life, around us there is heat transfer, when the water 

temperature in the bathtub is higher than that in the surrounding environment, the water will reduce 
the heat dissipation and temperature. At this time in order to ensure that the water in the bathtub to 
maintain constant temperature, we need to calculate the water heat loss by establishing a 
thermodynamic model, thus to know how much heat we should add to keep it constant. But the heat of 
the water in the bathtub through a variety of ways to dissipate, such as radiation of water surface, wall 
heat transfer and heat loss by people. But different heat loss have different calculation formula. So we 
need to establish a thermodynamic model of a variety of heat transfer equations to solve the 
relationship between temperature and time and heat flow, then calculate the best strategy to maintain 
the water temperature in the bathtub.  

 
Establishment of Model. The bathtub wall heat loss. As long as there is a difference in temperature, 

the heat will spontaneously from the high-temperature objects to the low-temperature objects. is the 
heat loss due to thermal conduction of heat by the water in the bathtub which is in contact with the 
wall of the bathtub. It associated with the thermal conductivity of the bath tub, water and bath wall 
contact area, the thickness of the bath and the temperature difference between the two surfaces of the 
bathtub.  

So the formula is 
2

1 1 1
1

T TQ Aλ
δ
−

=
 

We can know the bathroom temperature is the function of  ‘t’ by the knowledge of non-steady heat 
transfer : 

2 299.15 298.15 tT e−= +  

2Q  represents the heat supplied by the water tap. The water in the bathtub is cooled to a certain 
temperature by the water flowing out of the tap. So tap water provides heat for the water in the bathtub 
and the calculation formula of heat of water gives heat supplied by heat source: 

2 2 1( )Q cm T T= −  
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The mass of the water flowing into the bathtub is not a constant, it is a function of the flow rate of 
water, and can be derived from the continuity equation of fluid mechanics. 

2 2m Aρν=  

In order not to cause unnecessary waste, the water flow rate is not a constant, it will increase with 
room temperature and reduce, thereby reducing unnecessary waste, can achieve the best strategy by 
adjusting the constant b 

2/v b T=  

3Q is an empirical formula, it is a total heat emitted from water surface, α is coefficient of heat 
transfer, av is air flow rate, it includes the water convection heat, radiation heat and evaporative heat:  

3 (0.089 0.4078 )Q
Y

αα ν ∆Ρ
= +  

4Q  represents the endothermic formula, when people are in the bath, because the temperature of 
the water in the bathtub is higher than his body temperature, the body will absorb water heat, of 
course, body temperature will rise:  

3
4 3 3

3

T TQ Aλ
δ
−

=  

This is an empirical formula for the surface area of a person. It is related to the height and weight of 
a person: 

3 0.0061 0.0128 0.1592A h w= + −  

The temperature of the person in the bathtub can't always rise, it could only rise to the same 
temperature as the water in the bathtub, so on the basis of the knowledge of non steady heat transfer 
can be obtained.： 

3 310.15 3 tT e−= +  

As we finally have to keep the temperature of the water in the bathtub to be identical, the amount 
of water flowing into the bathtub is equal to the amount of water flowing out.，so within the same 
time t∆ , the heat of the bath tub is conserved, the loss of heat should be equal to the added value of 
the heat, based on such a relationship, we can get a first order differential equation of T on t, we only 
need to solve the solution of this differential equation, we can get the temperature of the water bath 
temperature on the relationship between time and flow： 

1 1 3 4 2cm T Q t Q t Q t Q t∆ + ∆ + ∆ + ∆ = ∆  

1m the weight of the water in the bathtub should be a constant value 
1m Vρ=  

Finally, finishing above formulas, we can obtain the following formula. 
 

3 3 3 32 1 11 21 1 2 1 3
1 1 3 3

( ) (0.089 0.4078 )a
A AT ATcm A c A T c A T T

t Y
λ λλλ ρν ρν α ν

δ δ δ δ
∆ ∆Ρ

= − + + + + + +
∆  

 
Model solving 
Simplify above model 

2 1 3( )TA BT B C D T C T DT E
t

ν ν∆
= − + + + + +

∆
 

Bring the data we collected into the above equation, we can find out the value of these five 
coefficients: 
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Result and Analysis 
We need to use the mathematical model established above to solve the optimal solution, the 

problem of solving the mathematical model above can be translated into the problem of solving the 
optimal flow velocity function. Therefore, we need to follow a fixed process and repeated regulating 
velocity function. Only do this, we can obtain the optimal flow velocity function. So we could obtain 
the best strategy.  

The primary parameter is the maximum temperature in environment,   when we analyze the 
sensitivity of the temperature of human.  We observed the result of the model by changing the limit of 
the maximum temperature. 

Equally, the primary parameters are the surface area and the volume of human body when we 
analyze the sensitivity of the shape and volume of human. Therefore, we choose child to test 
sensitivity which could distinguish evidently. 

The primary parameters are the volume of the bathtub and the mass of the water when we analyze 
the sensitivity of the bathtub volume. Control other variables unchanged but increase the volume of 
the bathtub. The following is the changes of the model results.  
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