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Abstract. Through the analysis of the heat distribution inside the bathtub affected by different tempe
ratures. The paper finds that the best strategy the person in the bathtub can adopt to 
keep the temperature even throughout the bathtub and as close as possible to the initial 
temperature without wasting too much water. Furthermore, according to the requirements 
given by the problem, the authors propose a evaluation method to determine the extent to 
which the strategy depends upon given factors. 
The paper proposes one model and one algorithm. The model can be used to find the best strategy of
 bathtub problem. In the analysis of this model, according to the questions given by the problem, we 
proposed two main factors: quality of heating water and different ways of adding hot water. Then, th
e paper analyzes the changing speed of bathtub water as hot water added in two different ways ,addi
ng heat flux density Q and specific heat capacity of water C in order to construct energy conservatio
n equation. Then, we proposed two ways of adding hot water as the best strategy in response to the c
ondition given by the problem. 
For the first way of adding hot water continuously, PDE and CFD simulation are adopted to model t
he temperature of the bathtub water in space and time; for the other way of adding hot water at regul
ar intervals, we use energy conservation equation and Recursive Computation of Space Multibody 
Dynamics, to develop a model in space and time. By comparing these two ways, we get the best stra
tegy the person in the bathtub can adopt to keep the temperature even throughout the bathtub and as 
close as possible to the initial temperature without wasting too much water. 
 Multiple linear regression equation is used to determine the extent to which our strategy depends up
on given factors. These factors can also affect the heat conduction, heat convection and heat radiatio
n which are taken into consideration in energy conservation equation. 

Introduction 
With the development of the ages, people pay greater attention to the comfort when 

they are using a bathtub. When we settle into a bathtub which is not a spa-style tub with a 
secondary heating system and circulating jets, but rather a simple water containment vessel, 
we have to add a constant trickle of hot water from the faucet to reheat the bathing water. 
However, the lack of water is likewise a serious problem. So how can we use the bath water 
as little as possible when we bathing become a critical question.We should consider how to 
balance the water temperature and water consumption, when we seek the minimum of water 
consumption.Meanwhile, using a bubble bath additive will also affect water consumption 
and water temperature, so it is also considered in our paper.  
Assumptions 
The bathtub is made by the most common material: acrylic. 
The initial situation is a man in the bathtub which is filled with water with appropriate temperature. 
The volume of bathtub is V1, the volume of man is V2, the volume of man’s body is Vp1(surrounded 
the water), the volume of man’s body is Vp2(surrounded by the air). 
Because water has high specific heat capacity, we assume that water is a kind of poor conductor of 
heat, water transfer heat by convection. 
Model  
A.Situation 1:Hot water is discontinuously added into bathtub. 
The temperature of the liquid mixture according to the formula:Q cm T                                                                                    
Where c is the specific heat coefficient, m is quality, ∆T is temperature difference.We assume the 
quality of water in the bathtub is M kg and water temperature is T0.Adding hot water m1kg per unit 
time and the water temperature is Ta.Flowing out water m2kg per unit time and the water temperature 
is T0.After adding hot water, the hybrid temperature is T. 
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Table1.The feature of Specific heat capacity model  

Frequency 
  The initial state     Adding water 
              

Water 
  

Temperature Water 
 

Temperature     
               

1 M   0T   
m

1    aT  

2 M 
  m1Ta+(M+m1+m2)T0   m

1 
   

aT    M+2m1+m2     
            

Frequency 
 Flowing out water    

The hybrid temperature         

Water 
  

Temperature 
   

            
              

1 2m    0T      

1 1 2 0

1 2

( )

2
am T M m m T

M m m

  
 

 

 
2 

2m  
    1 1 2 0

1 2

( )

2
am T M m m T

M m m

  
 

 
1 1 2

1 1 2
1 2

1 2

( )
( )

2

2

a
a

m T M m m
m T M m m

M m m

M m m

  
  

 
 

 

After cooling for some time, adding m1 hot water whose temperature is Ta into bathtub.This model is 
based on specific heat capacity of the fluid, so we didn’t consider heating time and other heat transfer. 
Thus, after adding hot water, the temperature of the total water is T1 
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When the man stops adding hot water, the bathtub water temperature is decreasing. 
During the process of temperature decreasing, equivalent resistance is Ri, it relates to the 
shape and volume of the bathtub. Convective heat transfer coefficient between the tub wall 
and indoor air is h2, contact area of water and man is A, Convective heat transfer coefficient 
between water and indoor air is h3. 
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According to energy conservation law, water consumption per unit of time:                                                                               
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So, we concluded that  
3

1
i

i

R

 relate to shape and volume of the bathtub. 

B. Situation 2:Hot water is consecutively added into bathtub 
With respect to the temperature of the bathtub water, we ignore the radiating of water.The initial temperature 
of bathtub water isf(0) = T0According to the specific heat capacity formula, we obtain the relationship of 
bathtub water  temperature between τ and  τ + 1. 

   1 1 2( 1) ( ) ( 1) ( )aCm T f C M m m f f                                                                                                          (4) 
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