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Abstract: Bathtub is a kind of pipeline device used in bathroom or shower,which usually used in the
family bathroom.Most modern bathtubs are make from strength (acrylic) or glass fiber,In the fast
pace of life space, bathtub is a good way for people to cleanse and relax. In this paper, we only talk
about the bathtub, which is a simple water containment vessel. And the excess water escapes through
an overflow drain,what we need to do is how to add heating water to Bathtub to make people have
been in a comfortable bath and We don't waste too much energy at the same time.

Introduction

A person lying in the bathtub adds hot water to keep the water warm. A lot of motions will be made
by the person in the bathtub. In our problems, the motion changes the distribution of temperature field
and causes the temperature field in the same temperature. We establish the temperature field of the
time and space to describe the change of bathtub. We define “the constant trickle of hot water from
the faucet to reheat the bathing water” as that the water drops into the bathtub at a uniform speed.
Our model describes the influence of hot water on the temperature field. Within the context of water
conservation, we determine the optimum feed water temperature and the flow rate.

Our model

We put the bathtub into the Descartes coordinate system, establishing a Temperature Field Model
of bathtub. For the convenience of calculation,we assume that the bathtub is a rectangle. We also
simplify the human body to polyhedron.

We use X0, ¥°and Zo to express the length, width, and height of bathtub. At first, we do not fill the
bathtub with water considering water conservation. In this way, hot water and cold water can be
mixed more evenly in the process of following heating water. We assume that o is initial
temperature of water, U is the water temperature when the human body obviously feels cold, and 12
is the temperature of added water.We believe the constant trickle of hot water from the faucet is
constant in per unit time. Based on the above content, it is not difficult to find that the whole system
meets energy conservation law, conservation of momentum law, and continuity principle of fluids
flow.

¢ : ¢ are heat flowing into and out of the surface in three directions. £ is density of water, € is

constant-pressure specific heat of water, Lis temperature, @ is thermal diffusivity of fluid, ? is
strength of internal heat source. We believe that the hot water into the bathtub will be mixed with cold
water because of human motion, which equivalent that the water can produce heat. In other words,
there is an inner heat source in the water.Assuming that W is the current velocity added hot water, A
is the cross-sectional area of outfall, Vo is the initial volume of water in the bathtub
dQin = dmc(t1+ 273)
dm = pWAdr
The strength of internal heat source is defined as the heat generated in unit volume unit time Y so

the strength of internal heat source
* pWAC(t1+273)

Vo+J.pWAdr
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We can list the continuity equation because the flow of water is continuous
ﬂ+ﬂ+ﬂ =0 (D
OX oy oz
We can get the energy differential equation through equation (1) and the mechanism of heat
conduction and heat transfer

2 2 2 y
ﬂ+uﬂ+vﬂ+wﬂ=3(5 t e t2+ 0 t)+£
or OX oy 0z ox> 0 y° 0 72 e
If we want to solve the temperature field,we need to know the velocity field of the fluid.
At the same time, we know a series of boundary conditions
at X0
—— | x=t== 0
oX
o
oY
ot
0Z

y=0vo=0

z=0=0

The heat radiation of surface mainly consists of natural convection heat transfer,evaporative cooling,

and thermal radiation'®. For the convenience of calculation, we define a coefficient of heat transfer K
again, that is called convective coefficient of heat transfer. We unify the three ways of heat transfer.
We can use the experimental method or directly apply the empirical formula to obtain K . This article
will not be discussed in detail in this paper.
The boundary condition of the water surface is

—iﬂ z-z0=K(t—ta)

oz

ta is room temperature.
We regard the surface of the human body as a constant temperature; the added hot water is also a
constant temperature. Then we have the boundary temperature value as a boundary condition
t=tix=0 v=02z=20

On these surfaces,t =tp, tp is the temperature human surface area.

The velocity gradients are 0 in the normal directions of walls because of liniment of bathtub walls.
The mathematical description are

ou o oV

—|x=:2=0 —|y=yoy-0=0

The speed of the contact point is equal to the speed of the faucet when the tap was hit by water
(ignoring the impact of gravity on the flow rate)

W:—Wlx:o,y:O,z:zo

The water will rise in the process of adding water to bathtub

ow WA

0z  XoYo

We can use mathematical method to describe an astable temperature field of a time and space by
using the above equations and boundary conditions. The expression must be a function with regard to
hot water temperature and the velocity of the flow

t="~f(xy,z,W, t...)

The model is establishing a model of an astable temperature field in the process of water injection.
But the water will fill the bathtub when the time reaches certain moment. Assuming that the body is
immobile, the bathtub becomes a steady system.Therefore, the temperature field of the bathtub will
not change over time. For the convenience of calculation, we design an overflow pore. It ensures that
the excess water outflow from the overflow pore, rather than outflow from the bathtub sides
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irregularly. Then we use numerical solution method to solve the steady temperature field.Generally
speaking, water is a poor conductor of heat, and the heat transfer between liquid is mainly natural
convection heat transfer. These points have been pointed out in our model . We extend the numerical
solution of Seidel Gauss’s method! after absorbing the idea of Euler about fluid™. Euler method
focuses on fixed point in space. So we divided the bath into 2cm x2cmx2cm nodes. Then we can
solve the fixed area nodes in the space.We regard the changes in the internal energy that caused by
flowing water of the node as energy flows. So, we can get the temperature equation of each node in
the discrete region by thermal equilibrium. We assume that the person is static. So its flowing form is
laminar flow™ in the case of low water flow. The shape of spout from faucet in this distance below
the surface is kept constant. Considering that the water is laminar, the temperature distribution of each
layer is consistent in this distance. The temperature gradient between the layer and the layer is 0. We
perform a discrete calculation on the region.
We first set out the heat balance equation of internal nodes
ﬂ,(tm—l,n-i-tm +1,n+tm,n—l+tm,n+l)+ htaAXAy

tm.n=
44+ htm,nAXAy
i(tm—l,n+tm+l, n)+itm,n—l+ hAXAy ta
tm.n=
A+ AxAy h
2(tml,n+tm,nl)+ hAXAy fa
tm,n=
A+ AxAy h

A ---thermal conductivity of water, we can get it by searching information.

h ---convective heat transfer coefficient, h = NIU/I .
1

Nu ---Nusselt number, Nu=0.15(P:Gr)**.
gavAt|13

VZ

After solving, we can get h ~109W /(m* ek).

In order to calculate the temperature distribution, we assume some original data (the temperature
of bathtub is35°C, the temperature of hot water from faucet is 60°C, the temperature on the surface of
the human is 37°C, the parameter of bathtub is 170cmx80cmx70cm) to perform an iterative operation.
Then, we use Origin to plot the data we get.

The result

In order to obtain the mass flux of added hot water, we further simplify the model of bathtub. The
Model has been given the temperature distribution of bathtub. We regard the bathtub as a lumped
parameter model ™ based on our model. We can get the average temperature of the bathtub t, by
temperature distribution of model. We can calculate the mass flux of hot water after assuming the
temperature of the water in the bathtub and the temperature of the added hot water.Then we can
change the water temperature in bathtub by adjusting the hot water temperature and the mass flow of
added hot water. This point is very consistent with the equation t = f (x,y, z,W,t1...) given in model.

We just simplify it in this model. The algorithm is shown below

Gr ---Grashof number, Gr =

Theory Evidence: pcvg—t = ¢hn — out +V .¢.5
T
Since ,ocvcclj—t =0 and &z 0 we know ¢in = dout .
T
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gm ---mass flux.
K ---convective coefficient of heat transfer.
A ---radiating area of water surface, we can be obtained it by the size of the bathtub.
We assume that the average temperature of the bathtubt, =37°C , the constant trickle of hot water
from the faucet t1=55°C , air temperature ta =25C .Substitute the values into equation (4.3 1), we
can get the best mass flux of water

gm=0.061Kg/s

Summary

We through the establishment of model and the numerical solution method, we calculate the speed of
hot water was added which can let people fell comfortable and can not waste too much energy, the
result is

gm=0.061Kg/s
We fully describe the changes of temperature field in time and space by using equations. We
creatively put forward the algorithm of equivalent internal heat source. It is convenient to calculate
for us.But it is too complex to solve. So we can not give specific results and We assume that man is
stationary, but it is not to be in reality.
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