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Abstract: In this paper, we established a model to discribe the how bathtub water
temperature changed over time, and put forward a suitable way of adding hot water.
We divided the bath process into three stages: cooling stage, heating up stage, and
constant temperature stage. At the cooling stage and heating up stage, equations are
selected according to the first law of thermodynamics. We analyzed the relations
between the tub water temperature, injected water temperature and injection time. We
used MATLAB to get the curves.
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1. Process of bath

The process of bathing can be divided into three stages:
® The first stage: the tub is filled with hot water and gets cool naturally.
The second stage: Hot water is added once and for all to restore the temperature.
® The third stage: Hot water trickle is added from a faucet, constantly or once for
all time, to maintain a comfortable temperature.

2. Water temperature model

2.1 Assumptions:

® The bathtub is filled with water during the whole bathing process.

® Environment temperature keeps constant.

® The shape/volume/temperature of the person in the bathtub keeps constant.
® \Water temperature is uniform in the tub.
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2.2 Parameters
Table 1. Parameters of the model of bathtub water temperature

Parameter Meaning

T The water temperature in tub

Ts The initial water temperature in the cooling stage
Te Temperature of outside environment

k Heat transfer coefficient

A Heat transfer surface area

c Specific heat capacity of water

m Mass of water in the tub

T Time

2 Time length of the second stage

On Influent flow rate in the heating up stage

T, Temperature of influent in the heating up stage

Comfortable temperature/initial bathtub water temperature in the
T heating up stage

AT The temperature difference between influent and effluent

Stepl.
In the cooling stage, the water is in natural cooling, so the average temperature of
the water changes over time. Using heat transfer equationt*?:

em(T, —T) = [KA(T -T,)dz ;

The temperature of bathtub water:
kA
T=(Tg—T2)E ™ +Te i Q)
Average water temperature in cooling stage decreases in a negative exponent

form over time.

Step2.

In the heating up stage, the heat of bathtub water follows the first law of
thermodynamics. The heat of water that added into the tub equals the heat of bathtub
water delivered to enviroment.

1) Neglect the heat loss during adding process. Take the water temperature model of
holothurian’s aquaculture® as reference:

m _
eI T e @
G To-T

712



Advances in Engineering Research, volume 123

The increase of temperature:
Gh?

T (e) =T Tt e 3)

n

e m
2) Consider the heat loss. Referring to the first law of thermodynamics:

cm(T —T,) :J.kA(Tl—T)dr;

Temperature of bathtub water:

kA,
T=(Ty=T5)E ™ FTg e 4)
3) Combining the two conditions:
Dt kA
T(r) = To-TofTe™ | (T, =T2)e ™ 4T —Tq oo (5)

Gn?
em

Step.3

In the constant temperature stage, compare and analyse two ways of adding hot
water.

Intermittent water adding: Add hot water to the tub by one time to achieve a
higher temperature, when the bathtub water cools down, repeat the process.

Continuous water adding: After raising the water temperature in the heating
stage, maintain a constant flow of hot water to keep the bathtub water temperature
stable over time.

Assume these two methods provide the same level of comfort.

Water heat loss:

For both methods, the average water temperature of a certain period should be
same. And the temperature of water being added into the bathtub is same, too. So the
water consumption is in proportion to the heat loss.

For static water of same temperature, the heat loss is constant. But in the process
of intermittent water adding, there exist some factors that can increase the heat loss,
such as severe disturbance of water. So on the premise of ensuring a comfortable
temperature, the later adding method uses less water.

Above all, in the third stage, we’d better to maintain a constant hot water flow.
And water temperature in this stage will keep stable over time.
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3.Numerical Computation and Results

Assume that the bathtub is a cuboid.(1.7mx0.8mx0.7m)
Giving the following data:
Table 3. Parameters assignment

Parameter Value

Ts 40°C

T 20°C

K 200

A 6.22m?

c 4.2kJ/(kg-C)
m 952 kg

Ty 35C

T, 60°C

0, 0.25 kg/s

Bring the above data into formula (1) to (5).
The curve of the function:
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Figure 1. Water temperature over time in the cooling stage

The average temperature of water in this stage decreases in negative exponent
form over time.
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Figure 2. Water temperature over time in the heating up stage.
The average temperature of water in this stage decreases with the time
continuing.
Water temperature over time in the third stage keeps stable.

4. Conclusions

We divide the bath process into three stages, and find that the better way to add hot
water in the third stage is keeping a constant water flow. The average water
temperature in the first stage decreases in a negative exponent form over time; the
average water temperature in the second stage increases over time; the water
temperature in the third stage, as we assumed, keeps constant, which demands a stable
influent flow of 0.25kg/s. However, this model only indicates a general trend of water

temperature change during bathing process. The comfort temperature range of
bathing depends on individual sensitivity, thus we only take a specific situation

into consideration in the calculation.
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