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A Study on the Visualization of Temperature Field Using Neural
Network
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1. Introduction

The efforts for the quantitative evaluation of the
temperature field have been conducted by many
" The
have

1 .. ..
researchers. thermo-sensitive  liquid

used for
visualizing temperature field. The color of the

crystals been  successfully
liquid crystals changes quickly, when they are
lightened by white light, from red to blue through
green as the temperature increases. In order to
quantify the visualized color image of liquid
crystals, it is needed the color—to—temperature

transformation. However, its strong nonlinear
characteristic between the color and temperature
makes it difficult to obtain an exact equation for
the color-to-temperature transformation. Recently
the neural network calibration technique was
proposed to overcome the non-linearity of the
optical characteristics of liquid crystal in RGB

color space.S) We applied this technique to the
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bubbly stratified
environment. While the presented technique is not

flow in a temperature
entirely new, we have tried to present a clear
concept of the technique and offer some novel
ideas in solving various technical problems in
through image processing

measuring  color

techniques.

There are many papers on bubbly flow.*™®
These works are mainly concentrated on plume
itself and isothermal environment. When a bubbly
flow is used in the lake or metallurgical furnaces,
which 1s affected by the stratified temperature.
analyzed the

interaction of the bubble plume with a stratified

Recently, only a few authors
environment.”” " However, The transient flow and
the thermal stratification effect of bubbly flow
were not accomplished experimentally in these
works.  Therefore, it appears quite useful to
perform supplementary experiments to investigate

these details and understand the transient behavior
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of bubbly flow in a
environment.

stratified temperature

The purposes of the present study is to evaluate
the performance of the calibration technique with
neural network based on the experimental optical
date of liquid crystals, to visualize the complex
structures of the temperature field of bubbly flow
in a viscous fluid quantitatively, and to analyze the
transient temperature patterns of bubbly flow.

2. Experimental setup and method

The experimental apparatus of the present study
1s shown schematically in Fig. 1. It comprises a
test cell, two constant temperature baths, two light
sources, two water filters, a gas distributor, a
flowmeter, a gas tank, a digital thermometer with
thermocouple, a digital video camera, and a
The test cell

horizontal isothermal 23mm thick copper plates

computer. is composed of two
placed at the top and bottom side of the cell and
four vertical 10mm thick acrylic resin plates for
flow visualization purpose. The inside dimensions
of the test cell are 200 mm X 100mm X 12mm(width
X height X depth).
To investigate bubbly flow

a fluid temperature is

in a vertical
temperature gradient,
stratified by two horizontal copper plates. The
upper(hot) and the lower(cold) copper plates are
maintained at constant temperature with a water
flow which passes between over copper plate and
bellow one. The water temperatures are controlled
by two constant temperature baths (Taitec EL-15F).

(1) constant temperature bath
(2) light source

(3 test cell

(4) digital thermometer

(5) water filter

(6) gas distributor

(7) flowmeter

(8) pressure regulator

(9) gas tank

0 digital video camera

11 computer

10

Fig. 1 A
apparatus

schematic  diagram of experimental

The temperatures of the copper surface are
measured using k-type thermocouples connected to
a digital thermometer (TR2114).

The upper copper plate has one 2mm diameter
hole at the fluid

temperature. The lower copper plate that has three

center to measure the
holes at the center is used for bubble injection.
The injector has a 0.2mm in diameter and 80mm
long brass needle, and is connected via acrylic
tube to the gas distributor. Silicon oil is used as a
working fluid because a combination of silicon oil
and the cholesteric liquid crystals gives a very
vivid color. The flow field is illuminated with a
white light sheet having 3mm in thickness from
two metal halide lamps that are located at the
both sides of the test cell. A water filter is placed
in front of each lamp to prevent excessive radiant
heat transfer from the lamp to the working fluid.
The reflected light is observed by a 3-CCD digital
color video camera(SONY). The recorded images
are stored on the hard disk of a computer for
evaluation. The observation axis of a camera was
normal to the light sheet plane. The temperature
and velocity fields were measured from the liquid
crystals suspended as tracer particles in the fluid.
The liquid crystal used in this experiment 1is
cholesteric type RM2830(Japan Capsular Products
Inc). The concentration of liquid crystals within
the working fluid 1s about 0.1 percent weight.
The
including the test cell

illumination and 1mage capture systems
were fixed to avoid
uncertainties due to variations of the viewing
angle during the experiment and calibration
Detailed
characteristics of liquid crystals can be found in
Dabiri, D. and Gharib, MY The experimental

procedure is as follows. At the beginning of each

procedure. information concerning the

experiment, the old liquid inside a cell is drained,
and the cell is cleaned and rinsed thoroughly with
a soap and water. The cell is then assembled and
filled with silicon oils carefully. The constant
temperature baths are turned on to heat the lower
copper plate and to cool the upper one. When the

natural convection is fully developed in the cell,
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the liquid crystal tracers mixed with silicon oils
are slowly inserted into the fluid zone in the test
cell. After the liquid crystal tracers are well mixed
in the whole region of the test cell, the constant
temperature baths are readjusted to fit the upper
and lower plates of the cell to the desired
temperature. After several hours, when the vertical
temperature gradient field is established, the
bubble 1is then the
temperature and velocity patterns are recorded by

3-CCD digital video camera.

injected into the cell,

3. Transformation of color to
temperature

In order to obtain quantitative thermal flow
visualization, liquid crystal tracers are used. The
relationship between color and temperature of
liquid crystal is obtained by the calibration. The
stratified

temperature field. The results of the calibration

calibration is performed in the
experiment are shown in Fig. 2, which are the
relationship of the r(red), g(green), and b(blue)
versus the measured temperature T, These values
are obtained as follows; at first, the colors of
liquid crystal tracers are visualized by using two
metal halide lamps. Then the visualized color
mmage 1s taken by 3-CCD digital color video
camera, and the values of R, G, and B are
The obtained
values of R, G, and B are normalized as r, g, and
b in Eq. (1). At the same time, the temperature T
1s measured by a k-type thermocouple.

obtained from the color image.

r=R/(R+G+B)
g=G/(R+G+B
b=B/(R+G+B) (1)

In Fig. 2, the relationship between r, g, b, and
the temperature T. shows a strong nonlinear
characteristic. This makes it difficult to obtain an
exact equation for color-to—temperature
transformation. In this study, a neural network is
employed to formularize the color-to—temperature
relationship, which was proposed by Kimura et

al”
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Fig. 2 Relation between r, g, b and temperature T"

Fig. 3 shows the structure of multi-layer feed
forward neural network. The inputs of the network
The output is the
temperature T.. The network consists of multi

are 1, g, and b values.
layers, namely, an input, multi hidden, and an
output layer. The three units in the input layer are
in the
multi-hidden layer and one unit in the output layer

linear devices and the multi units
are neurons. A simple neuron model is shown in
Fig. 4. This is the basic unit of neural network,
which performs a nonlinear transformation of the
sum of weighted inputs to produce the output of
the neuron. The sum of weighted inputs U is

given by

Bias

Input layer Hidden layer  Output layer

Fig. 3 Neural network structure

N\

Fig. 4 Neuron

0
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u=) wx, +6
; (2)

is the
connected weight, and © 1is the bias. The output y

where x; is an input to the neuron, w;

1s expressed as

1
= u)y=——
y=/w 1+ exp(—u) (3)
31
30 - L)
.c..
229 | $
28 oo ...o’.
27 1 1 1
27 28 29 30 31
Tm
(a) n=1000
31
30 |- o'.
229 |
28 I .
27 | | |
27 28 29 30 31
Tm
(b) n;=10000
31
30 |- o
229 |
28 -
27 | | |
27 28 29 30 31
Tm
(¢) n=300000

Fig. 5 The effect of iteration number on results of

neural network calibration

And this 1is
Learning for the neural network is carried out in

termed a sigmoidal function.
order to agree the output T. corresponding to the
inputs of r, g, and b patterns with the measured
temperature Ty, Therefore, it can be said that
learning is to seek for the values of the connected
weight w; and the bias © to minimize the

following error function FE

_ 1 _ 2
=3 20T 4)

The back-propagation algorithm is used for
learning of the neural network.

4. Results and discussion

Fig. 5 shows the effect of iteration on the
relationship between the measured temperature Ty
and neural network output T.. The value T.
agrees well with Ty, almost over the entire range
after iterating 300000 of neural network. Fig. 6
shows the effect of unit on the relationship
between the measured temperature T, and neural
network output T.. As the numbers of unit
increase, the value T. agrees well with T, but
the effect is not significant after n,=5. The effect
of hidden layer numbers is shown in Fig. 7. As
the numbers of hidden layer increase, the value T.
agrees well with Tn However, the effect is not
significant after n,==2. From this result, It is known
that neural network is very useful method that can
be applied to the color-to-temperature
transformation.

Therefore, we used the structure of neural
network that has two hidden layers and five units,
respectively in this study.

The bubbly flow in a stratified temperature
through  the
visualization using liquid crystals. The temperature

environment 1S  investigated

difference between top and bottom surfaces is 3.
01C(304-2747C). TFig. 8a)
image that the vertical temperature gradient is

shows the original

established in the fluid, which corresponds to the
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Fig. 6 The effect of unit number on results of

neural network calibration

state of heat conduction; there is no fluid motion,
and the thermal boundary layer grows by pure
After

temperature transformation to the original image,

conduction. applying  the  color-to-
temperature distribution is painted by 24-bit full
The color of the

original image changes from brown to blue as the

color as shown in Fig. 8(b).

temperature raises, namely, the brown indicates
the low temperature, and the blue indicates the
high temperature.

274
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Fig. 7 The effect of hidden layer number on results

of neural network calibration

However, the order of colors is reversed in the
image painted by full color as usual. The left one
1s the original image of liquid crystals and the
right one is the evaluated temperature pattern by
using neural network calibration.

The experiment on bubbly flow starts when a
sudden gas bubble is injected into the test cell
from the bottom injector. The temperature patterns
at four different instants are shown in Fig. 9. The
left one is the original image of liquid crystals,
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and the right one is the evaluated temperature
pattern by using neural network calibration. These
show how bubbly flow destroys the stratified
temperature field and the temperature of the fluid
becomes a bulk temperature.

5. Conclusions

The measurement method of the temperature
fields using liquid crystals particles has been
applied to visualize bubbly flow in a stratified
temperature environment. Unlike the traditional
point measurement methods, it can measure the
whole flow field instantaneously at a given time.
In this experiment, the present method gives good
representations of the transient temperature fields

of bubbly flow. It was shown that the results of

e J—

) Visualized image b) Evaluated temperature

Flg. 8 Visualized image of liquid crystal tracers

and evaluated temperature distribution

(b)

) Visualized image b) Evaluated temperature

Fig. 9 The temperature patterns at four different
instants: t=(a)0.5 s, (b)10.0, (¢)30.0, (d)60.0

color-to—temperature transformation using n¢304

network are very good. As a result, the
measurement system is very useful for analyzing
unsteady thermal flow phenomena, and it 1is
expected that the quantitative data obtained by
applying color-image processing can be directly

used to verify the computational results.
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