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Heat Flux Condensation on Coconut Shell Activated
Charcoal Porous Media
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ABSTRACT

One way to keep the air humidity is by increasing the heat transfer with the porous media model. Increasing heat transfer
depends on the value of the heat flux on the porous media. The heat flux value can be determined by inserting the porous
media into the test section and then flow the vapor. The amount of heat absorbed is influenced by the large diameter of
the porous on the media used. Therefore, this study aimed to optimize coconut shell charcoal by activating the charcoal.
The purpose of activating coconut shell charcoal is to enlarge the pores so that it absorbs heat better than charcoal that
has not been activated. The research method used is an experimental method and compares the results of research with
previous studies. The porous media was vaporized for 60 minutes with a vapor temperature of 30 °C, while the vapor
speed was varied, namely 1 m/s, 2m/s and 3 m/s. From the research results, that by using coconut shell activated
charcoal, the heat flux value was higher than using coconut shell charcoal media. This is because the pore size in
activated charcoal is larger and more numerous than charcoal that has not been activated so that it absorbs more heat. In
addition, the greater the vapor speed, the higher the heat flux, because in the test section more vapor enters than vapor
that comes out so that the porous media has a long time to absorb heat in the vapor. The heat transfer that occurs in
porous media includes forced convection heat transfer because it has a value of Gr/Re2 < 1.

Keywords: Heat Flux, Porous Media, Coconut Shell Activated Charcoal, Convection Heat Transfer
Paper type Research paper

INTRODUCTION

In everyday life, things related to humidity are often encountered. Air humidity is the amount of water vapor
contained in the air. In general, air humidity is influenced by air temperature. So that the lower the air temperature, the
more water vapors is contained in the air [1]. If the air temperature is below the saturated vapor temperature (vapor
saturated) with a pressure of 1 atmosphere (atm) there will be a phase change, from the vapor phase to the liquid phase or
it is called a condensation event [2]. Initially, condensation occurs in the form of grains that stick to the surface wall
(dropwise). Of the many grains that stick to the surface wall, they will be connected to each other to form a condensation
layer on the surface wall (filmwise). Condensation can be divided into two, namely surface condensation and capillary
condensation. Surface condensation occurs on surface walls, whereas capillary condensation occurs on surface pores.
This capillary condensation or micro-condensation occurs on the porous surface walls [3, 4].

To minimize the occurrence of condensation, the porous media are used. The greater the ability of the media to
absorb water, the less condensate will stick to the surface walls [5]. This mechanism occurs because of the Van Der
Walls force that is the attractive force between molecules, atoms or ions [6]. In this research, the condensation on porous
media used was activated charcoal. The use of activated charcoal was based on the structure of the activated charcoal.
Activated charcoal has bigger pores because in the activation process it chemically binds the impurities that cover the
pores [7, 8, 9].

The purpose of the condensation on the porous media is be used to control humidity. In addition to using a material
that easily absorbs water on the surface wall, controlling humidity can also increase heat transfer [10]. This is because by
increasing heat transfer, the air temperature can increase so that the amount of water vapor contained in the air is small.
In general, to increase heat transfer, one of them is by expanding the area of the heat transfer surface (extended surface)
[11]. During its development, to improve heat transfer a new model with the same function was developed, namely
porous media [12]. Porous media has a porosity that can be passed by fluid flow. By having porosity in it so that the
surface area of heat transfers is greater than that of solid objects (massive - solid). In porous media, there are two heat
transfers that occur, namely, conduction heat transfer and convection heat transfer where conduction heat transfer is the
heat transfer that occurs without moving the mass of the substance, while convection heat transfer is the heat transfer that
occurs by moving the mass of the substance [13].

In previous studies, heat transfer on porous media with random porosity in laminar flow using the Kinderman -
Ramage method showed that porous media with greater porosity can provide greater heat transfer as well. This was
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because with greater porosity, the flow was able to move more freely through the cavities in the porous media. Then this
research was developed with porous media in the same flow model to determine the effect of ambient temperature
treatment on the dynamic flow of condensate lateral migration with different humidity. But to get laminar flow in the
heat transfer experiment on porous media was difficult to obtain, because in the porous media chamber design in the inlet
area had different diameters [14]. As there was a sudden enlargement of the diameter, the flow moved irregularly. The
speed of the incoming air to the temperature distribution of the porous media was very influencing. With the greater the
intake air velocity, the higher the temperature distribution of the porous media. The heat transfer rate was greatest on the
porous media near the inlet [15]. As for there was a sudden enlargement in the porous media in the inlet area, a jet of air
was formed so that in that area the fluid flow had not been fully distributed to the porous media. However, by increasing
the speed of the incoming air, it can cause a vortex on the porous media so that the smaller the mass of the porous media,
the bigger the vortex occurred. To keep the intake air temperature distribution more evenly distributed and avoid vortices,
it was necessary to add a flow conditioner to the inlet chamber of the porous media. In addition, by adding a flow
conditioner, it was easier to get the laminar flow of air into after passing sudden enlargement.

Referring to previous research, this study used porous coconut shell activated charcoal as media. The purpose was
to activate charcoal to open the pores in coconut shell charcoal so that it can absorb more condensate. Therefore, coconut
shell activated charcoal was able to maintain air humidity. The results of this study will be compared with previous
studies using porous coconut shell charcoal media. Heat flux on porous media of coconut shell charcoal can be shown in
Figure 1.
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Fig 1. Vapor velocity on heat flux porous media of coconut shell charcoal [16]

In Figure 1 above, the change in the velocity of the inlet vapor, the higher the heat flux value on the porous media.
This was because the higher the vapor velocity had a high effective thermal conductivity value so that the heat flux value
increased as the heat flux value was influenced by the amount of effective thermal conductivity [16].

METHOD

The method used in this study was experimental methods, where direct observation was to find the cause and effect
of the phenomena that occur. In this study, the porous media used was coconut shell activated charcoal. This porous
media was put into the test section), then vapor was applied over the porous media with a temperature of 30 ° C for 60
minutes. The velocity of the incoming vapor was varied, namely 1 m/s, 2 m/s dan 3 m/s.

The research tools used in this research were compressor, heater, humidifier tank, cooling machine and data logger
which were assembled as shown in Figure 2.
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Fig 2. Research Tools Design

Information:
1. Compressor 12. Step (Flow Conditioner)
2. Air Filter 13. Copper Plate
3. Pressure Gauge 14. Cold Water Room
4. Humidifier tank 15. Cooling Machine
5. Water 16. Cold Water
6. Thermocouple 17. Humidity sensor
7. Thermocontrol 18. Pitot Tube
8. Heater 19. Data Logger
9. Regulator 20. Monitor
10. Condensation Chamber 21. Cold Water Pump
11. Activated Charcoal 22. 11. Flow Meter

In Figure 2, the procedure started from filling water into the humidifier tank, then turning on the compressor to apply
pressure to the humidifier tank. The air from the compressor flowed into the humidifier tank through the air filter so that
the water contained in the air from the compressor was filtered. Simultaneously with starting the compressor, the heater
was turned on to a temperature of 30 ° C. To keep the temperature constant, the heater was equipped with a thermo control
that turned off the heater automatically according to the temperature set up. In addition, the cooling engine which had been
filled with water was turned on to a temperature of 10° C. Next, the test section was prepared by filling the porous media
with activated coconut shell charcoal in the test section and installing a thermocouple to see the temperature on the porous
media. After that, turned on the data logger and connected to the monitor. When the vapor temperature reached 30° C and
the cold water temperature was 10° C, the cold water pump was turned on to drain cold water and the regulator was opened
and adjusted the speed according to variations with the flow meter. The direction of flow of vapor and cold water was in
accordance with the direction of the arrow in Figure 3.

Fig 3. Thermocouple gauge position and flow direction

Fig 4. Test Section Design
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Figure 4 was the test section design that had a width of 30 mm, a length of 240 mm and a height of 60 mm. The red
color in the figure was a step that functions as a condition for the incoming vapor with various lengths. For gray color, it
was porous activated charcoal media with a length corresponding to the length of the test section minus the step length.
Above porous media and step were empty spaces which will be flowed by vapor. In porous media, the step and the vapor
space were called the condensation space. As for the blue color, it was a cold water flow chamber which had a length of
240 mm, a width of 30 mm and a height of 30 mm. Between the condensation room and the cold water room, there was a
yellow copper plate that functioned as a heat exchanger with a plate thickness of 5 mm.

After that, the observation of the phenomenon of condensate absorption by porous media was carried out in the test
section and a monitor connected to the data logger to see the changes in temperature. After obtaining the test data, next
step was to calculate the effective thermal conductivity, heat flux, Reynold Number, and Grashof number.

In calculating heat flux, the equation 1 below was used.

" T;,-T.
q" =K== (1
Information:

k = Thermal conductivity (W/m.°C)
T, = Initial temperature (°C)
T, = Final temperature (°C)

Z = Condensate thickness

Because there are 2 different thermal conductivities, namely the thermal conductivity of porous media filled with
water and thermal conductivity of air filled, the thermal conductivity used in equation 1 above used effective thermal
conductivity as in equation 2.

, _  kKkz
Kerr = toaraan 2)
(. 2 )
K==
3
( A
k=1 (1= )+
. \ 4)

Information:
Keff = Overall effective thermal conductivity on the porous media layer

K '= the thermal conductivity of the porous media with condensate
K " = the thermal conductivity of the porous media

Z = thickness of porous media

A = Thickness of Condensate

€ = Porosity

kp = thermal conductivity of particles

kL = Thermal condensate

ka = thermal conductivity of air

L = surface area of the media

To find out the type of laminar flow, transition, turbulence or chaos at the vapor in the test section, the calculation done by
using the Reynold Number as in equation 5.

_p-v. D v D
u v )

Re

Information:
Re = Reynold Number
p = Fluid density (kg/m°)
v, = Fluid velocity (m/s)
D = Diameter (m)
v = Kinematic Viscosity (m?/s)

v=p
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After finding the heat flux and Reynold Number values, then found out the convective regime that occurred. In
determining the convective regime, the comparative equation between Grashof Number and Reynold Number was used as
shown in equations 6 and 7.

3. g.8.(4T)
= (6)
2z
Gr Laminer Convection Strength
Re? (Force Convection Strength)2 (7

Information:
Gr = Grashof Number
L = Length of media (m)
G = Gravity (m/s?)
B = Coefficient of expansion (K™)
AT = the difference between the top and the lower temperature (K)
v? = Kinematic Viscosity (m?/s)

Re’ = Reynold Number

DiScUSSION

A. Effective Thermal Conductivity

From the test data with the variation of the incoming vapor velocity obtained, calculations were carried out using
equations 2, 3 and 4 so that a graph of the effect of vapor velocity on thermal conductivity at any time was obtained as
shown in Figure 5
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Fig 5. Graph of incoming vapor velocity against effective thermal conductivity

Based on Figure 5 above, in general the effective thermal conductivity (Keff) towards time (t), showed that the longer
time used, the more increase in Keff. This was because in equation 2, the calculation of the effective thermal conductivity
was influenced by the thickness of the condensate absorbed by the porous media. It meant that the longer it was used, the
more water vapor contained in the test section intake stream absorbed by the porous media.

The rate of vapor entry also affected the value of the effective thermal conductivity as shown in Figure 5 above. The
higher the vapor speed the greater the value of the effective thermal conductivity. The higher the vapor speed caused the
vapor to be retained in the test section because there was a sudden contraction at the outlet of the test section. The outflow
of vapor was less than the incoming vapor flow. Therefore, the vapor was retained in the test section so that it provided an
opportunity for the porous media to absorb the water contained in the vapor. With a great number of vapor trapped in the
test section, more condensate will be absorbed by the porous media.

With the difference in the thickness of the condensate absorbed by the porous media at each step change, the value of
the heat flux can be determined. The thicker the absorbed condensate the higher the heat flux value. This was because the
calculation of heat flux was influenced by the value of the effective thermal conductivity.
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B. Heat Flux on Porous Media

From the results of the calculation of the effective thermal conductivity data, then calculating the heat flux using
equation 1, the effect of vapor speed on heat flux was obtained and shown in Figure 6.
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Fig 6. Heat Flux Chart

Judging from the change in the velocity of the vapor inlet, the heat flux value on the porous media was getting
higher. In the previous discussion, the higher the vapor speed had a high effective thermal conductivity value so that the
heat flux value will increase because the heat flux value was influenced by the amount of effective thermal conductivity.
Figure 6 showed the value of heat flux at a speed of 3 m/s was the highest heat flux value. The figure showed that with
increasing vapor speed, the heat flux value also increased.

In addition, when compared with porous media of coconut shell charcoal in previous studies, coconut shell
activated charcoal had a higher heat flux value. This was influenced by the large pores on the surface of the activated
charcoal. Activated charcoal had larger pores than inactivated charcoal as activated charcoal in the activation process
opened closed pores. This phenomenon was the reason why activated charcoal was able to absorb more heat than
inactivated charcoal.

C. Reynold Number
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Fig 7. Graph of vapor velocity towards Reynold Number

In Figure 7, there was an increasing trend, the higher the speed the greater the Reynold Number. This was because
the Reynold Number was directly proportional to the flow velocity so that with the greater the Reynold Number the
shape of the flow occurs, turbulent flow occurs. In this study, with a speed of 3 m/s there was a little vortex in the porous
media because at this speed the vapor flow that entered the test section was turbulent. But the higher the vapor entry
speed can increase the heat flux value because the higher the entry speed, the more vapor contained in the test section
was due to a sudden contraction at the test section outlet so that less vapor comes out of the test section. Therefore, the
more condensate was absorbed more and the heat flux value got higher.
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D. Convective Regime
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Fig 8. Graph of the effect of speed on Gr/Re”

In Figure 8 above, there was a decline in trend; this was because with higher speeds it has a large Reynold Number so
that the Gr/Re” value was small because the Gr/Re” value was inversely proportional to the Reynold Number. In the graph
above, in general, the convective regime included forced convection. But it had different forced convection, namely, at a
speed of 1 m/s laminar forced convection, a speed of 2 m / s transition forced convection and a velocity of 3 m/s turbulent
forced convection. This type of forced convection depended on the Reynold number.

CONCLUSION

From this experimental study, it can be concluded that coconut shell activated charcoal is able to absorb more heat
than charcoal that has not been activated so that the heat flux value in the porous medium of coconut shell activated
charcoal increases. Whereas in the convective regime that occurs, by varying the velocity of the average vapor it is
classified as the forced convection regime. For the type of flow that occurs, with increasing vapor speed, the flow
becomes more turbulent.
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