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Abstract: Research has been carried out with a device to observe the phenomenon of Rayleigh 
Benard convection, made of a glass box bounded by a lower plate and an upper plate. The bottom 
plate is hotter than the top plate which functions to heat the horizontal fluid layer from below. This 
study aims to observe the phenomenon of water molecule movement. The observation medium 
was water mixed with teak sawdust as a representation of water particles with an average density 
of mean=0.99 g/cm3. The variation of water thickness (d) used 5 cm and 6 cm with variations in 

temperature difference (T) with an average increase of 50°C. Data was collected with a cellphone 
camera and run with Windows Movie Maker software which has a time accuracy of up to 0.001 

seconds. It was observed that an increase in the temperature difference (T) between the two plates 
resulted in an increase in the velocity of motion of water particles in convection which is depicted 

by a v-T diagram. Due to the difference in temperature (T) also results in the movement patterns 
of water molecules, namely laminar and turbulent. The turbulent phase with the Rayleigh number 

value R107, indicated that the flow of water particles is getting faster, the direction of the flow of 
the particles starts to become irregular and sometimes signs of a water vortex appear. At different 
fluid immersion results in the start of a turbulent phase. The turbulent phase for d=5cm is observed 

at T30°C, and d=6cm at T20°C. Furthermore, this RBC phenomenon is used as a representation 
of learning natural phenomena in air fluids, namely whirlwinds as an event due to differences in 
temperature and pressure of a fluid.  
 

 Keywords: Rayleigh Benard convection; Laminar and turbulent; Bifurcation diagrams; Whirlpools; 
Whirlwinds. 
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Introduction  
 

The convection phenomenon is an example of the heat 
instability problem in the fluid layer caused by temperature 
differences. For convection that occurs in the horizontal layer 
of fluid, it is known as Rayleigh Benard Convection (RBC) 
(Getling, 1997). RBC is an important phenomenon to 
determine fluid dynamics caused by heating from below 
(Getling, 1997), the flow occurs between two parallel plates 

with different temperatures, namely when the temperature 
of the lower plate is higher than the upper plate  (Ayed, S.K. 
& Tomic, 2017). The main concern of RBC is to study the 
instability in the fluid caused by thermal expansion, so that 
there is an increase and decrease in fluid temperature (the 
lower fluid is hotter than the upper fluid) (Ayed, S.K. & 
Tomic, 2017). The phenomenon of convection of a fluid is 
influenced by its properties, namely viscosity, density, 
thermal expansion, and heat diffusion or thermal 
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conductivity. The convection heat transfer coefficient is 
strongly influenced by flow hydrodynamics. Changes in 
flow patterns and velocity will affect the ability of the fluid to 
transfer heat (energy) (Sudia, 2017). Convection is also 
determined by the thickness of the fluid (d) and the 

temperature difference between the two plates (T) (Ayed, 
S.K. & Tomic, 2017). 

Many later theoretical and experimental studies of RBC 
were carried out by scientists. The theoretical study of RBC 
using the numerical method was carried out using multi-
scale analysis and asymptotic expansion method (Fan, et. al., 
2020) the 2D pseudo-spectral method in the MATLAB code 
for the Navier-Stokes equation (Ayed, et. al., 2016), a pseudo-
spectral method based on Fourier (Ramos and Briozzo, 
2015), the Lattice Boltzmann Simulation method (Nataraj, et. 
al., 2017); Cai, et al. 2018; Yang & Liu, 2018), and nonlinear 
analysis based on the power-series method to obtain 
eigenvalues (Siddheshwar and Krishna, 2001). Green, et. al., 
(2020) investigated RBC using direct numerical simulations 
(DNS) in a large aspect ratio system from a weak nonlinear 
regime close to the onset to a turbulent regime covering the 
Rayleigh number range from Ra=104 to Ra=108 at Pr = 1, 
whereas (Palymskiy, 2015) with DNS on the Boussinesq 
approach without a semiempirical relationship.(Zhou, et. al., 
2019) calculated the RBC flow using the Maxwell numerical 
integration method under the Rytov approach. (Pandey, et. 
al. 2018) also used numerical simulations of the turbulent 
convection fluid RBC at different Prandt numbers ranging 
from 0.005 to 70 and for the Rayleigh numbers to 107, 
previously the kinetic energy spectrum Eu (k) for three-
dimensional convective turbulence in the RBC system was 
also observed numerically by (Bhattacharjee, 2015). 
(Lyubimova, et. al., 2015) studied the Marangoni effect at the 
onset of RBC numerically in the framework of the 
generalized Boussinesq approach using the Busse-
Lyubimov model. The numerical procedure was also 
performed by (Chen, et. al., 2015) based on the Navier-Stokes 
equation coupled with the energy equation and nonlinear 
properties of CO2 to observe the nearly critical Poiseuille 
Rayleigh-Benard CO2 convective flow in the micro channel. 

Scientists are also researching RBC experimentally, 
including (Aurnou, J.M. & Olson, 2001) examined the 
experimental thermal convection in a liquid gallium 
layer subject to uniform rotation and a uniform vertical 
magnetic field carried out as a function of rotation rate 
and magnetic field strength. (Balasubramanian, S. & 
Ecke, 2013) studied the heat transport mechanism in 
RBC which rotates along the vertical axis. (Ayed, S.K. & 
Tomic, 2017) conducted an RBC experiment on natural 
convection depending on the geometric relationship 
and surface temperature, and determined the type of 
flow, whether laminar or turbulent. RBC experiments 
were also carried out by making RBC observation 
devices ((Rohman, 2019); (Suparso, et. al., 2010)). This 
RBC observation device is made of a glass box bounded 

by two plates, namely the lower plate and the upper 
plate. The lower plate is hotter than the upper plate 
which serves to heat the horizontal layer of fluid from 
below. The media used to observe fluid dynamics is 
water mixed with teak sawdust (SGKJ) as a 
representation of water particles. Furthermore, RBC 
observations were also carried out on oil fluid (Yustin, 
R. & Yusuf, 2013).  

The first scientists to explain RBC experimentally 
and theoretically were Henri Benard in 1900 and Lord 
Rayleigh in 1916. Both scientists produced Benard cells 
which are symptoms of convection in fluid (water) 
observed from above (Figure 1), and the parameters are 
numberless. Rayleigh (equation 1) ((Ahlers, 2006); 
(Balasubramanian, S. & Ecke, 2013); (Ayed, S.K. & 
Tomic, 2017); (Klein, et. al., 2018); (Klein, M. & Schmidt, 
2019)),  

 
Figure 1. Benard cell (Ayed & Tomic, 2017)  

 


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where   is the coefficient of thermal expansion,  the 

coefficient of thermal diffusion,   the coefficient of kinematic 
viscosity, d the distance between two plates, g of 

gravitational acceleration, T of temperature difference and 
R is known as the Rayleigh number (Rayleigh Number). 
Rayleigh also explained that convection occurs when the 
Rayleigh number (R) is greater than the critical Rayleigh 
number (Rc), with Rc = 1708 (Ayed, et. al. 2016), or has the 
order 103 (Aurnou, J.M. & Olson, 2001). 

The type of flow of particles of a fluid can be viewed 
from the Rayleigh number (R) value, namely For R <Rc, 
there is no particle flow or convection has not occurred 
(Ayed, et. al., 2017). For R> Rc, but not very large, a regular 
structure of convection circles forms (Figure 2) with upward 
hot fluid and downward cold fluid (Ayed, et. al., 2017). 
Convection flow of particles is a type of laminar flow  and 

For R >> Rc, there is a turbulent flow, namely R  4  107 (Jiji, 
2006). Broadly speaking, the flow of fluid particles is divided 
into two, namely laminar and turbulent (Jiji, 2006). However, 
there is a phase between laminar and turbulent which is 
often called the transitional phase. The Rayleigh number (R) 
for the phase transition ranges from 105 to 106. In the 
turbulent phase there is also a transition phase between 
weak and strong turbulence, the value ranges between 
R=107 and 4 × 107 (Hui Peng, et. al., 2006). RBC is an 
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important phenomenon to determine fluid dynamics caused 
by heating from below (Getling, 1997), the flow occurs 
between two parallel plates with different temperatures, 
namely when the temperature of the bottom plate is higher 
than the upper plate (Ayed, et. al., 2017) 

 
Figure 2. Convection scheme (Ayed, et. al., 2017) 

 
RBC is considered by many scientists to play a role in 

research on natural phenomena. As was done by (Grigoriev, 
V.V. & Zakharov, 2017) states that convection in a horizontal 
liquid layer that is heated from below and cooled from 
above, or RBC is the type of convection most often 
considered. RBC plays an important role in various 
phenomena in the fields of geophysics, astrophysics, 
meteorology, oceanography and engineering. Turbulent 
superstructures in RBC, namely large-scale flow structures 
in turbulent flow, play an important role in many geo and 
astrophysical arrangements ((Pandey, et. al., 2018; Green, et. 
al., 2020). RBC's natural convection heat transfer occurs on a 
variety of smaller scales (in pipelines, canals, and tanks) to 
large scales (atmosphere, liquid planet essence) which have 
been studied for a long time for their energy benefit (Ayed, 
et. al., 2017).  

Several scientists found the type of fluid flow in their 
research on RBC, namely laminar and turbulent flow (Jiji, 
2006). However, there is a phase between laminar and 
turbulent which is often called the transitional phase. The 
transition phase between laminar and turbulent at R values 
between 106 to 107 (Gayen, et. al., 2014; Berdnikov, et. al., 
2018). The thing that attracts the attention of scientists in 
research on RBC related to natural phenomena is the 
turbulent phase. The turbulent phase occurs when R >> Rc, 

that is, with a value of R 4107 ((Ahlers, et. al., 2017); Klein, 
et. al., 2018). Pandey, et. al. (2018) and Green, et. al., (2020) 
observed the turbulent superstructure at Rayleigh numbers 
up to 107, Stevens, et al. (2018) to Rayleigh Ra=109, Rayleigh 
number Ra=∼2×109 (Palymskiy, 2015). (Valencia, et. al., 
2007) observed natural convection in cube cavities heated 
from below and cooled from above at Rayleigh turbulent 
numbers Ra=107, Ra=7x107 and Ra=108, while 
(Balasubramanian, S. & Ecke, 2013) observed Rayleigh-
Bénard turbulent convection in a rotating frame. and non-
rotating in square cross section at Rayleigh number, 
R=1x107-2x108. The laminar phase is marked by the 
phenomenon of convection and not so fast motion of water 
particles. Turbulent flow is characterized by an irregular 
flow of water particles (chaos). A chaotic state can be 

observed by observing the motion of particles that change 
suddenly, dramatically and tend to fluctuate, which is 
marked by the appearance of whirlpool symptoms with 
unpredictable frequency of appearance (Rohman, 2019). 
This whirlpool symptom can then be used as a 
representation of science learning about natural phenomena 
that occur in fluids (water/air). 

The research was carried out using the RBC 
observation device as described above with the bottom plate 
as a heater made of a glass box filled with water heated with 
a heating element. The top plate is also made of a glass case 
filled with water at room temperature. The increase in the 
temperature difference between the two plates results in an 
increase in the velocity of the motion of water particles 

during convection which is depicted by a v-T diagram 
((Suparso, et. al., 2010); (Yustin, R. & Yusuf, 2013)). The 

increase in T also results in changes in the movement 
patterns of water particles (laminar and turbulent). In this 
study, laminar and turbulent patterns were observed due to 

the greater T. So that complete information will be 
conveyed for each phase with an image of the water particle 
movement pattern represented by SGKJ. The whirlpool 
phenomenon can then be used as a learning representation 
of the occurrence of the natural phenomenon of whirlwinds 
in science lessons. To simplify the problem, several 
limitations are used in this study. These limitations include, 
the fluid used is water mixed with SGKJ, the calculation of 
the velocity of the water particles uses the mean velocity and 

is shown in the v-T diagram, while the flow pattern of 
water particles for each phase will be displayed by 
describing the direction of motion of the water particles at 

each increasing difference. temperature (T). Furthermore, 
this water fluid is used as a representation of air/wind fluid. 

As the purpose of this study is to observe the RBC 
convection menomena which will be used as a representation 
to explain natural phenomena, then the definition of 
examples of natural phenomena about whirlwinds will be 
described. Whirlwinds are defined as strong winds that come 
suddenly, have a center, move in a circle resembling a spiral 
at a speed of 40-50 km / hour to touch the earth's surface and 
will disappear in a short time (3-5 minutes) (Utomo, 2016) , or 
strong winds that spin out of the Cumulonimbus cloud with 
a speed of more than 34.8 Knots or 64.4 km/h and occur in a 
short time (Marselina, D.S. & Widodo, 2015). Whirlwinds are 
caused by differences in pressure in a weather system due to 
differences in air temperature. This pressure difference 
produces a pressure gradient that triggers the wind. Air 
moves from high pressure to low pressure and the higher the 
pressure difference, the faster the air moves (Handoko, 1995). 
The process of whirlwinds usually occurs during the 
transition season where during the daytime the temperature 
of hot, stuffy air and black clouds collect, as a result of solar 
radiation during the day, clouds form vertically (convective) 
with a lowpressure center, then in the cloud it occurs 

T=To 

T=To+ 

d 

d 
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turbulence or instability of air currents rising and falling at a 
fairly high speed. Air currents that fall at high speed blow to 
the earth's surface suddenly and travel randomly (Utomo, 
2016). The occurrence of a tornado goes through three phases, 
namely; Growing phase, in the cloud there is a strong 
upward air current. The rain has not yet fallen, the water 
droplets and ice crystals are still being held back by the air 
currents that rise above the cloud tops. Adult / mature phase, 
water droplets are no longer held back by the air rising to the 
top of the cloud. The falling rain creates a friction force 
between the rising and falling air currents. The temperature 
of this falling air mass is colder than the surrounding air. 
Between the rising and falling air currents there can be shear 
currents that twist, forming a vortex. This air current is 
spinning faster and faster, like a cyclone "licking" the earth as 
a tornado. This wind is sometimes accompanied by heavy 
rain which forms a water spout (Utomo, 2016). By comparing 
the similarity in the process of whirlpools that appear in this 
study with the process of whirlwind, it is expected that this 
study is representative.  

 

Method  
 

This RBC phenomenon research is carried out in 
several stages, including designing (Figure 3), testing, 
and setting up observation devices (Figure 4). After the 
tool is confirmed to show the convection phenomenon, 
the next step is to observe the RBC phenomenon. In 
detail, this observation can be explained by observing Figure 3 
and Figure 4. The initial steps taken can be explained in Figure 
3. First, take water at room temperature and fill it in sections 1, 
2, and 3. Part 2 water is mixed with SGKJ which has known the 
average density (ρaverage=0.99 g/cm3) and let the water return 
to a calm state. Second, ensuring the water temperature is the 
same (at room temperature) in sections 1 and 3 with the 
thermometer, then the thermometer is used to control the 
temperature difference during the observation. 

 
Figure 3. Schematic of the observation instrument 

 
 
 

 
Figure 4. Schematic of the RBC observation device set-up 

 
Third, connect the plug to the electric current to heat the 

heating element, so that the water temperature of part 1 is 
hotter than part 3 and the temperature difference between the 
bottom plate and the top plate will be obtained. The difference 
in temperature can be seen by looking at the numbers that 
appear on the thermometer installed in sections 1 and 3. Then 
to set the desired temperature, part 1 is adjusted using a switch, 
while section 3 is stabilized at room temperature using ice. 
Fourth, make observations on changes in water fluid dynamics 
in section 2 for some temperature differences, then these 
changes are recorded with a cellphone camera (Figure 4). At 
the time of recording, the temperature difference is confirmed 
to be stable, namely by cutting the current flowing in the strika 
element and recording for 1.5 minutes. This is done because 
considering the nature of water that can conduct heat evenly 
and is relatively long in maintaining its temperature. Fifth, 
observing the results of the recording using a laptop (Figure 4), 
then taking and analyzing the data obtained from the 
recording results. The data taken is the velocity of the motion 
of water particles as a function of temperature differences, so 
that the movement can be known about the grouping of flow 
patterns of laminar or turbulent water particles. Laminar and 
turbulent patterns were also observed for variations in fluid 
thickness. 

The data was collected by running Windows Movie 
Maker software which has a time accuracy of up to 0.001 
seconds. After the Windows Movie Maker software is run, 
data is taken for the speed and flow pattern of water particles, 
how to mark the dots on the computer screen using a marker 
when the Windows Movie Maker is stopped by pressing the 
pause button. Data obtained from observations can be in the 
form of qualitative and quantitative data, so that the analysis 
will have different techniques. For qualitative data, the analysis 
is carried out by interpreting the data obtained, while for 
quantitative data it is analyzed based on formulas that are in 
accordance with the needs. For velocity data, the steps taken 
are to record the displacement distance and the time interval, 
then divide the displacement distance by the time interval. In 
order to obtain a representative average velocity, each particle 
is calculated three times at different positions. Furthermore, the 
flow pattern of water particles can be observed by interpreting 
the resulting lines connecting the dots on a computer screen, 
such as a step made in a velocity observation. Laminated flow 
is a regular flow pattern, characterized by a convection flow 
pattern. Points connected to form a circular part (semicircle or 
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circle), or ellipse, or which appear to be a straight vertical line, 
are signs of a convection flow pattern. For turbulent flow 
patterns characterized by irregular circles, and very fast 
particle movements. 

 

Result and Discussion 
 

This study uses a tool for observing the Rayleigh Benard 
convection phenomenon as shown in Figure 5, in the form of a 
box made of glass with water mixed with SGKJ as the 
observation medium. The mean density was measured by an 
automatic densimeter, with the result ρaverage=0.99 g/cm3, and 
observed using a cellphone camera. The results of the 
recordings were then analyzed by computer as shown in 
Figure 6. After there is a difference in temperature, water 
particles begin to move which are represented by the SGKJ 
movement as shown in Figure 7. 
 

 
Figure 5. Photo of the RBC observation instrument 

 
As mentioned above, the main concern of RBC is 

studying the instability in the fluid caused by thermal 
expansion, so that there is an increase and decrease in fluid 
temperature (the lower fluid is hotter than the upper fluid) 
(Ayed, S.K., Zivkovic, P. & Tomic, 2017). 
 

 
Figure 6. Photo of RBC observation device set up 

 
Figure 7. Snapshot of one of the RBC observations 

 
Figure 7 shows the observations that have been made of 

the RBC phenomenon using the RBC observation 
instrument, information is obtained about the effect of 
increasing temperature differences between the upper and 
lower plates on the velocity of motion of water particles and 
the flow patterns of water particles. At the time of observing 
the flow pattern of water particles, it was observed that the 
vortex phenomenon of water particles appeared. As it is 
known that the type of particle flow of a fluid can be viewed 
from the Rayleigh number (R) value, namely for R<Rc, there 
is no particle flow or convection has not occurred (Ayed, et. 
al., 2017). For R>Rc, but not very large, a regular structure of 
convection circles forms (Figure 1) with upward hot fluid and 
downward cold fluid (Ayed, S.K., Zivkovic, P. & Tomic, 
2017). Convection flow of particles is a type of laminar flow 
(Jiji, 2006), and for R>>Rc, there is a turbulent flow, namely 
R=4x107 (Ayed, et. al., 2017; Klein, et. al., 2018). RBC 
observations in this study used variations in T with an 
average increase of 5oC, while the thickness of the water used 
was 5 cm and as a comparison, the water thickness was 6 cm. 
 
Observation of the speed of motion of water particles 

Observation of the velocity of water particles obtained a 

graph of the relationship between v and T which is a v-T 
diagram (Figure 8 and Figure 9). The increase in the 
temperature difference between the two plates results in an 
increase in the velocity of the water particles at convection 

which is represented by a v-T diagram. Figure 8 is a v-T 
diagram, with the velocity of water particles (v) clockwise and 

Figure 9 shows a v-T diagram, with the velocity of water 
particles (v) counterclockwise. 
 

 
Figure 8. diagram v-T, with water particle velocity (v) 

clockwise for water thickness of 5 cm and 6 cm 
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Figure 9. diagram v-T, with particle velocity (v) 

counterclockwise for a water thickness of 5 cm and 6 cm 
 

Based on Figure 8 and Figure 9, it can be seen that the 
speed of motion of water particles has increased due to the 
increase in temperature differences. Fitting to the graph 
above Figure 8 shows that the increase in the velocity of the 

motion of the water particles follows an equation v (d=5)  

1,4(T)0,59 and v(d=6)  1,3(T)0,58 and figure 9 follow the 

equation v (d=5)  1,4(T)0,58 and v(d=6)  1,3(T)0,58. These 
results can be compared with the branching diagram theory 
which shows that the increase in velocity corresponds to the 

equation vR0,5 ((Drazin, 2002). From equation 1 it is 

known that the number R is proportional to the value of T. 
Therefore, a branching diagram theoretical approach can be 

applied to the increase of v by T with an equation v  

(T)0,5. The results of the graph fittings show that for water 
thickness of 5 cm and 6 cm, each of them has almost the 
same suitability for the increase in velocity, namely 

v(T)0,6. The comparisons made show that the 
observations are close to the theory. 
 
Table 1. Physical properties of water (Welty, et. al., 2001) 

T 
(°C) 

ρ 
(g/cm3) 

cv  10-7 
(ergs/g 

°C) 

  104 
(cm2/s) 

 
(cm2/s) 

  
103 

(°C)-1 

20 
40 

0.998 
0.992 

4.19 
4.18 

14.33 
15.11 

1,006  10-2 

6,58  10-3 

2.0 
3.8 

 
Interpretation of the difference in critical temperature 

(Tc) can also be done using the v-T diagram in Figure 8 
and Figure 9. By using the equations in the graph and the 
approximate value of v = 0.05 mm / s, it can be seen that the 

value of Tc for water thickness 5 cm and 6 cm, are 0.00363 ° 
C and 0.00353 ° C, respectively. The results of the 
interpretation can be compared with the results of 
calculations using equation 1 which is a dimensionless 
parameter of the Rayleigh number ((Ahlers, 2006); 
(Balasubramanian, S. & Ecke, 2013); (Ayed, S.K. & 
Tomic, 2017); (Klein, et. al., 2018); (Klein, M. & Schmidt, 
2019)). Rayleigh also explained that convection occurs when 
the Rayleigh number (R) is greater than the critical Rayleigh 
number (Rc), with Rc = 1708 (Ayed, et. al., 2016), or has the 

order 103 (Aurnou, J.M. & Olson, 2001). It is known that the 
critical Rayleigh number (Rc) for the occurrence of 
convection is 1708.Then an approach is made to the physical 
properties values as shown in Table 1. The physical values 
used are around 30°C or values between 20°C and 40°C, and 

obtained the value of =14,73104 cm2/s, =8,32103 cm2/s, 

and  = 2,9  103 (°C)-1. From the calculation, it is known that 

the values of Tc for the thickness of d = 5 cm and d = 6 cm 

are 0.00589°C and 0.00341°C. Thus, the observed Tc value is 
close to the calculation result (theory). 
 
Observation of the flow pattern of water particles  

 
(a)   

 
(b) 

Figure 10. Schematic flow pattern of water particles, (a) flow 
pattern at water thickness of 5 cm, and (b) flow pattern at water 

thickness of 6 cm 
 

Figure 10 shows a schematic flow pattern of water 
particles. Researchers showed that the flow patterns of water 
particles were deliberately drawn manually according to 
those observed on a computer screen. This is because it is 
difficult to make a water particle flow pattern animation 
program. The problem of heat instability in a fluid (water) 
caused by heating from below can also be observed by 
observing the flow pattern of the water particles. Heat 
instability in water will cause heat transfer which is followed 
by water particles forming a certain flow pattern. The 
flowing water particles follow two flow patterns, namely 
laminar and turbulent (Jiji, 2006). In this study, laminar flow 
is characterized by the phenomenon of convection and not 
so fast motion of water particles. Turbulent flow is 
characterized by an irregular flow of water particles (chaos). 
Chaotic conditions can be observed by observing the motion 
of particles that change suddenly, dramatically and tend to 
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fluctuate, which is indicated by the appearance of whirlpool 
symptoms with an unpredictable frequency of appearance. 
The situation as above when compared to the process of 
whirlwind, it can be a representation of learning about the 
tornado. Whirlwinds usually occur during the transition 
season where during the daytime the temperature of hot, 
stuffy air, and black clouds collect, as a result of solar 
radiation during the day, clouds form vertically (convective) 
whose center is low pressure, then in the cloud there is an 
upheaval or unstable air flow rising and falling at a fairly 
high speed. Air currents descending at high speed blow to 
the earth's surface suddenly and travel randomly (Utomo, 
2016). 

Figure 10 shows that the flow patterns of water 
particles can be classified into two, namely laminar and 
turbulent flow. Broadly speaking, the flow of fluid particles 
is divided into two, namely laminar and turbulent (Jiji, 2006). 
Between the laminar and turbulent flow patterns, there is a 
transition state characterized by the speed of the flow of 
water particles getting faster, the direction of the flow of the 
particles starting to become irregular and sometimes signs of 
a water vortex appear. Other information obtained from 
Figure 9 is that at different thicknesses, the phase transition 
between laminar and turbulent flows is also different. This 
difference can be noticed for the water thickness 6 cm 
experiencing a transition phase faster than the water 
thickness of 5 cm. Therefore, a water thickness of 6 cm will 
experience a turbulence phase faster than a thickness of 5 cm. 
As stated by (Hui Peng, et. al., 2006; Gayen, et. al., 2014 and 
(Berdnikov, et. al., 2018), the R values for the transition 
between laminar and turbulent ranged from R=106 and 
R=107. By using Table 1 and the approach to the value of the 
physical properties of water at a temperature of 40°C, the 

value of R107 at T 0°C is obtained for a water thickness 

of 5 cm, while for a water thickness of 6 cm at T20°C. If 
you pay attention to Figure 9, it will show that the 
observations are in accordance with the theory. 

 

 
Figure 11. Manual visualization of the whirlpool phenomenon 

 
Figure 11 illustrates the visualization of the whirlpool 

phenomenon that appears in the transition and turbulent 
phases (Figure 10). In Figure 11, it can be seen that the 

whirlpool phenomenon has characteristics, the direction of 
the flow of the particles is horizontal, the size of the 
whirlpool is enlarging upward, and the rotation is 
counterclockwise or turning left (Figure 11). The frequency 
with which they occur is unpredictable, suddenly and in a 
short time. This whirlpool appears due to differences in 
water pressure due to differences in temperature between 
the bottom and top water particles. Prior to the emergence of 
the whirlpool, it was observed that SGKJ, as a representation 
of water particles, moved very rapidly up and down and 
randomly. SGKJ goes up against the down. The higher the 
temperature difference, the more frequent whirlpools 
appear.  

As for what happens to the whirlwind phenomenon, 
namely in the clouds there is an upheaval or unstable air 
currents up and down at a fairly high speed. Air currents 
that fall at high speed blow to the earth's surface suddenly 
and travel randomly (Utomo, 2016). By comparing the two 
events above, what happens in water fluid can be used to 
explain the phenomena that occur in wind fluid, for example 
the emergence of the phenomenon of whirlwind. Whereas 
regarding the events of the whirlpool spinning 
counterclockwise or turning left, this is also in accordance 
with the Buys Ballot Law that the tornado motion in the 
northern hemisphere is counterclockwise, and the cyclone 
movement in the southern hemisphere is in the direction of 
rotation clockwise (Dyahwathi, et. al., 2007). As the 
limitation regarding fluid above and the ratio between 
whirlpools and whirlwinds, water fluid is considered a 
representation of air/wind fluid. In other words, the 
whirlpool phenomenon can be used as a learning 
representation of the occurrence of whirlwind natural 
phenomena. 
 

Conclusion  
 

Based on the results of the research and discussion, it 
can be concluded that the observation of the convection 
phenomenon using the RBC observation device can be used 
as a learning representation of the occurrence of natural 
phenomena, for example, tornadoes. It was observed that an 

increase in the temperature difference (T) between the two 
plates resulted in an increase in the velocity of the motion of 
the water particles in convection which was depicted by a 
branching diagram. Due to the difference in temperature 

(T) also results in the movement patterns of water 
molecules, namely laminar and turbulent. The turbulent 

phase with the Rayleigh number value R107, indicated that 
the flow of water particles is getting faster, the direction of 
the flow of the particles starts to become irregular and 
sometimes signs of a water vortex appear. At different fluid 
immersion results in the start of a turbulent phase. The 

turbulent phase for d = 5 cm is observed at T30°C, and d 

= 6 cm at T20°C. Furthermore, this RBC phenomenon is 
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used as a representation of learning natural phenomena in 
air fluids, namely whirlwinds as an event due to differences 
in temperature and pressure of a fluid. The use of the 
observation device should be prepared with a temperature 
sensor and a high-resolution cam recorder, so that the 
phenomenon can be clearly observed. Other information 
obtained from the research is that the temperature difference 
between the two plates results in an increase in the velocity 
of the water particles and forms a bifurcation diagram. The 
flow patterns of water particles were also found due to the 
temperature difference between the two plates, namely 
laminar and turbulent, as well as the transition phase 
between the two.  
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