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Abstract.We dividethe motions of people into three groups according to the intensity of the 
motions. We discuss the motions’ influence on the velocity of water flow in the bathtub and the 
contact area between human body and water. On the basis of this, we put forward three plans for 
people to add hot water, then considering that the time to soak accounts for a big part of total time, 
so we discuss three plans under the condition that the person remains still. 

Introduction  
The motions made by the person in the tub mainly influence the velocity of water flow in the 

bathtub and the contact area between human body and water. According to the intensity of the 
person’s motion, we divide the motions into three parts: 
 Remain still: when people soak in a tub, we assume he doesn’t move and lies in the bathtub. 
 Slight movements: motions like wash hair, which don’t make big differences towards the 

velocity of water in tub. And we assume people can take any posture, so the area of contact 
part changes. 

 Large movements: motions like wiping the body, which have a big influence on the velocity 
of water. 

The influences on the velocity of water are reflected on the convective heat transfer coefficient 
between water and human bodyhand the convective heat transfer coefficient between water and 
bathtub wall as is shown in Table 1. 

Table 1. Thevalueofh and h1 under different situations 
Types of motions    

Remain still 1000 1000 
Slight movements 1100 1050 
Large movements 1200 1100 

The ways for people to add hot water 
We put forward three plans for people to add hot water: 
 Plan A: the faucet is open through the whole process of bath and we adjust the flow velocity 

of hot water from faucet u to keep the temperature as close as possible to the initial 
temperature. 

 Plan B: the person in tub opens the faucet at the beginning of the bath. When the temperature 
reach 42℃―upper limit of the suitable temperature for bath, close the faucet and water will 
get cool. We consider the person in tub opens faucet again when the temperature of water 
descends to 38℃(lower limit). Then repeat this process. 

 Plan C: the faucet is not opened until the temperature descends to 38℃at the beginning, then 
open faucet to reheat water to 40℃, close it. And open it again when the water gets cooler to 
38℃and repeat. 

The choice of the optimal strategy 
Considering that the time to soak accounts for a big part of total time, so we discuss three plans 
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under the condition that the person remains still. 
For plan A, we assume the change of the temperature is small enough to neglect, so  through the 

whole process of bath. In this condition, the formula about heat transfer[1]: 
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is an equation with single variable u and we can easily get the solution. 
For plan B, we divide the whole process into two parts based on the change of the temperature: 

40℃―42℃ and 42℃―38℃. As is shown in Table 3, the time of 40℃―42℃period is t1and 
repeated times is n1. The parameters of 42℃―38℃period is t2 and n2. 

Table 2.Parameters for plan B 
The change of temperature Time Repeated times 

40℃―42℃ t1 n1 
42℃―38℃ t2 n2 

We choose the volume of hot water people adds Vas objective function and optimize our strategy. 
In plan B, the period that needs to add hot water is only 40℃―42℃, sowe have: 

(2) 
We assume the total time for bath is 30 minutes (1800 seconds), thus we have the constrain 

condition: 
(3) 

And considering the continuity of the process of bath, we have: 
(4) 

We will give further discussion of the range of . We also know u varies from 0 to [2], that is . 
   Based on we have discussed above, we have the expression below to optimize the strategy: 

min:  
s.t.(5) 

For plan C, we adopt the same method to analyze. There is a little difference of objective 
function, it is because the period to add hot water is 38℃―40℃ in plan C. Therefore the objective 
function . 

Table 3. Parameters for plan C 
The change of temperature Time Repeated times 

40℃―38℃ t1 n1 
38℃―40℃ t2 n2 

The optimal conditions for plan C are: 
min:  

s.t.(6) 

Summary 
Based on what we have discussed above, we analyze the motions’ influence on the velocity of 

water flow in the bathtub and the contact area between human body and water, then we put forward 
three plans for people to add hot water in the process of bath. Next we discuss three plans under the 
condition that the person remains still. Last, we get the expression below to optimize the strategy: 

For plan B: 
min:  
s.t. 

For plan C: 
min:  
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