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ABSTRACT

Roasting occurs due to heat transfer from the heating surface into the material. Coffee roasting
plays an important role in determining the chemical composition, aroma, and taste of coffee. There
are two main types of coffee roasters, namely drum and hot air roasters. This research aims to
determine the heat transfer in hot air coffee roasters. The data collected consists of roasting time,
coffee bean temperature, roasting room temperature, fuel consumption and air flow speed in the
cyclone system chimney and sample was carried out at medium roasting level, with three
repetitions. The method used is theoretical analysis and experimental testing. The results showed
that the heat transfer mechanism in hot air roasting is a conduction and convection mechanism.
The amount of conduction and convection heat transfer in the coffee roasting equipment was
carried out in three repetitions. It was also found that factors that influence the rate of heat
transfer in hot air roasting equipment are due to conduction and convection, as well as influenced
by heat transfer surface area, thermal conductivity, air flow speed from blower pressure and
pressure on the gas fuel. The results of the research show that the heat transfer mechanism in hot
air roasting is a conduction and convection mechanism. The amount of heat transfer in one
repetition of the conduction quantity (Q) is 9222.8 W and the convection rate (Q) is 3209.4 W with
an average efficiency of 34.7%, in two repetitions the conduction quantity (Q) is 9883.3 W and the
convection rate (Q) is 3444.6 W with the average efficiency is 34.8%, at three repetitions the
conduction (Q) is 9690.3 W and the convection rate (Q) is 1123.3 W, the average efficiency is
11.6%. Factors that influence the rate of heat transfer in hot air roasting tools are conduction and
convection, heat transfer surface area, thermal conductivity, air flow speed due to blower
pressure and pressure on LPG gas fuel.
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INTRODUCTION

Coffee has become a popular drink all
over the world. Many people enjoy the taste
and aroma of coffee. Coffee processing to
produce coffee rice can be classified into three
types of processing, namely: dry processing,
semi-wet processing and wet processing. one
of them is dry processing by roasting coffee.
One of the important aspects in coffee
production is the roasting process that affects
the taste, aroma and final quality of coffee
beans [1]. Drying coffee that has been picked
and sorted should be dried immediately so as
not to undergo chemical processes that can
degrade the quality. Drying can be natural and
drying artificially [2]. Roasting is a crucial
stage in the coffee processing, that is aimed to
change markedly the chemical, physical,
structural and sensorial properties of the
green beans by heat induced reactions. In this
way roasting process makes coffee beans
suitable for brewing. The green beans are, in
fact, characterized by only a weak and greenly
aroma and a hard texture hinders their use as
food [3]. The beans change color to a dark
brown. Initially the process is exothermic [4].
The process of forming the aroma and flavor
of coffee can not appear just by drying, but
done using high temperatures. Aroma and
flavor can be raised using the method of
roasting or roasting. Roasting is the core of
coffee bean production until it becomes
powder, roasting is done using a tool called a

roaster [5].
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Roasting is a complex process involving
the transfer of energy (from the roaster to the
beans) and mass (moisture and volatile
compounds from the beans to the
environment) implicit in the main changes in
coffee beans in terms of weight, density,
moisture, color and flavor [6]. The best coffee
quality can be obtained based on the roasting
temperature, roasting time, water content,
caffeine, and chlorogenic acid. Existing
research only indicates coffee quality based on
roasting time [7].

Coffee roasting is a drying process to
reduce the water content of coffee beans,
usually indicated by weight loss at the end of
the process. The roasting process is carried
out using a specific temperature until the bean
develops, giving the product a distinctive
aroma [8]. Classification of roasting by degree
of color it is divided into three: light, medium
and dark [9]. The roasting process involves
applying heat to the coffee beans to produce
the chemical and physical transformations
necessary to develop the desired flavor
characteristics. In addition, roasting induces
major physical changes within the coffee
beans and determines their behavior in
storage, grinding, and brewing. In the present
dissertation, the impact of the roasting
parameters roasting time, roasting
temperature, moisture content, quenching
method, and roaster design, on aroma
formation, aroma stability, and grinding
properties of roasted coffee were investigated

[10]. After coffee beans dried to a moisture
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content of 12.5%, the next process is the
processing process for become ground coffee
[11]. Bean’s temperature and weight loss have
been measured on-line by robust sensors. The
experimental  results allowed  better
understanding of the phenomena that appears
during roasting [12].

one of the

Roasting is important

processes of coffee production, which
significantly affects the quality of roasted
coffee. There are many approaches to grilling,
applying a rotating cylinder (the standard
method of the grilling process), a fixed bowl,
and a fluidized bed method [8].

In the coffee industry, roasting is a very
important fight against coffee brewing. Some
factors that need to be considered during
roasting, including roasting machine, roasting
time and temperature [13]. Coffee roasting
equipment is used to heat coffee beans to the
right temperature with optimal timing. In a
coffee roaster, heat transfer affects roasting
efficiency and results. Therefore, the analysis
of heat transfer in coffee roasting equipment
is very important to understand in order to
improve the roasting process. The results of
research on heat transfer in coffee dryers
show that modification of the design of the
dryer can improve the efficiency of heat
transfer and produce better quality coffee
beans [14]. Heat is defined as energy
transferred by virtue of a temperature
difference or gradient. It is a vector quantity,
flowing

in the direction of decreasing

temperature, with a negative temperature
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gradient. In the science of thermodynamics,
the important parameter is the quantity of
heat transferred during a process [15].

The heat transfer that occurs during the
roasting process takes place. In the study,
researchers determining the effect of
temperature on mechanical Coffee Roasters,
because it is suspected that the effect of
temperature on yield, processing capacity and
water content in coffee [16]. There are three
main heat transfer means in a conventional
coffee roaster, conduction, convection and
radiation [17].

Heat transfer analysis in coffee roasters
by measuring the temperature at various
points on the roaster and analyzing the heat
distribution during the roasting process. The
study found that the right temperature profile
and good temperature regulation are essential
in producing coffee beans that are roasted
evenly and with the desired quality [18].

Heat transfer in the process of heating
coffee beans before roasting process by using
mathematical models to predict the
temperature profile and heat distribution
during the heating process. Their results show
that proper temperature settings and optimal
heating times can produce coffee beans that
are ready for the roasting process with good
heat transfer efficiency.

From the results of previous studies, it
was found that several methods and
techniques have been used to analyze heat
transfer,

including temperature

measurement, numerical analysis, and
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mathematical modeling that provide insight

into the influence of factors such as
temperature, air velocity, tools, design, and
materials used in heat transfer in roasting
equipment. The current research is to perform
heat transfer analysis on hot air coffee

roasters.

RESEARCH METHOD

In this type of research, the theoretical
calculation analysis research is used, the
results of theoretical calculations are used as
parameters during testing. The test was
carried out three times and the test results of
the heat transfer performance on the hot air.
Theoretical calculations require several data
parameters, including the actual number of
heating pipes in the furnace, pipe length, pipe
diameter, blower air speed, burner gas
temperature and roasting temperature to be
achieved.

The research on heat transfer analysis on
hot air coffee roasters was carried out from
December 2022 to June 2023 at the research
center of Subang National Research and
Innovation Agency. In carrying out this
research requires the following tools and
materials.

Table 1. Tools and materials

Tools and Specifications Quantity
Materials
Hot air roaster 1

Air flow Anemometer Benetech GM8902 1

Digital scales Gram Unit 1
Thermocouple Type - K 1
Npt 0 -750°C
750°C
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Green Been Robusta 3Kg

LPG Gas 3Kg 1

This current research went through
several stages of completion starting from
observation, tools testing, and analyzing the

heat transfer.

Start

‘Observation

Literature Study

T

Theoretical

Calculations

l Yes

Observation

Literature Study

Theoretical

Calculations

|

Literature Study

Observation

Start

Figure 1. Flow Diagram of research

completion

The first stage is initial preparation,
which includes conditioning the tools and
materials that will be used in this research,
including.

1. Conditioning the hot air roasters
2. Conditioning the air flow anemometer,

thermocouple, and digital scales
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3. Conditioning the green bean and 3 kg LPG
gas

After the equipment has been
conditioned and is ready, then the green beans
are weighed to ensure that the green beans
that will be roasted are 1 kg in each trial as
well as the weight of 3kg gas to find out the
initial weight of the gas that will be used
during the test. The installation of gas cylinder
regulator to prepare the gas supply to the
burner and the position of the gas on a digital
scale to determine gas consumption during
the roasting process. Next, starting the
operation of the hot air roasters to determine
the initial temperature in the hot air roaster
room and record the initial temperature.

In this step, the blower and ignition
burner components have not been turned on.
It is also important to make sure the hot air
roaster is ready as well as other tools and
materials.

The next stage of testing is carried out
based on the results of theoretical
calculations, the test is carried out three times
with different treatments. This aims to
determine the conduction and convection heat
transfer as well as the average efficiency of
heat transfer in the hot air roasting tool which
is generated from the actual data during the
test whether it is in accordance with the

results of heat transfer coefficient and the

average efficiency in theoretical calculations.
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Preparation

Data Input:

. Roasting room temperature

. Temperature of coffee beans

. Air inlet and outlet
temperature l

4. LPG gas consumption st Roasting Test

5. Separator tube exhaust air

flow

6. Roasting time

7. Bumner gas temperature and

fumace exhaust

Start

[

»| 2nd Roasting Test

3rd Roasting Test

Figure 2. Flow diagram of research

procedure

After obtaining the actual data taken
during the testing, the next stage is to carry
out the analysis stage of heat transfer
calculations that occur in the hot air roaster in
the three treatments.

To find out the amount of heat transfer in
the hot air roaster, it is necessary to carry out
calculations in terms of conduction and
convection. At this stage, the conduction and
convection heat transfer coefficients will be
calculated to determine the amount of heat
transfer generated in the heating furnace
which is transferred to the coffee roasting
room.

To obtain the value of the conduction heat
transfer coefficient that occurs in the heating
pipe, the hot air coffee roaster uses the
following steps.

1. Data collection
2. Determining the Number of Heating Pipes
3. Calculating the area of the outer pipe

After obtaining the results of the amount
of heat transfer in the heating furnace based
on the inside and outside of the heating pipe
as well as the average efficiency of the three

tests and the results of the quality of hot air
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coffee roasting, then analyzing the factors that
influence the rate of heat transfer in the hot air
roaster.

The paired t-test in this research was
used to determine the effect of different
temperature treatments on the gas burner on
the rate of heat transfer that occurs in the hot

air roaster.

RESULT AND DISCUSSION

Roasting is a thermodynamic process
involving the application of a certain amount
of heat energy to food ingredients which
causes the absorption of heat from the
roasting environment into the coffee beans.

The purpose of roasting is to bring out the
flavor of the chemical components dissolved
in the coffee which form the flavor of the coffee
when it is brewed [19]. This process is carried
out as an effort to form the sensory character
of coffee. The greater the temperature used
when roasting, the less time required for
roasting [20].

Based on the research conducted, it is
stated that roasting at a temperature of 200°C
for 10 minutes can produce well-roasted
coffee beans [21].

According to research [19], the roasting
stage can cause several changes in coffee
beans, including the following.

1. The color changes from green to yellow,

(light brown), brown then black.

2. Increase the size of the coffee beans to

twice the original size.
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3. Density reduction in coffee beans to half
the initial density.

4. Aloud explosion (pop) occurs in the coffee
beans resulting from the release of
pressurized gas and water vapor.

The essential things in the formation of
sensory character during roasting are the
transfer of energy (heat), the presence of
water, and a reduction in the density of coffee,
so that it can be explained about the stages
that occur during the roasting process [22]

Three important stages in the roasting
process, namely drying, flavor and color

development, and cooling [22].

| Drying (T=25-150°C) |

]

| Flavor and Color Development (T= 150°C) |

¥

| Cooling I

Figure 3. Flow diagram of roasting stages

(Source: [22])

The stages of the roasting process that
occur can be seen from the time needed to
reach the roasting stage as shown in the table.
Table 2. Time required to reach the cracking

stage on the roasting drum (Source: [23])

Roasti Time (Minutes)

ng Firs First 48 Sec  Seco 48

Tempe t crac seco ond nd seco

rature crac k nds crac Crac nds

(@) k com afte k k afte
star plete r Star com r
tsto Firs tsto plete Sec
hap t hap ond
pen crac  pen crac

k k
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210°C 38 53 6.1 16. 191  20.7
9

220°C 27 56 4.4 88 112 12

230°C 24 33 4.1 49 59 6.7

240°C 1.4 2.6 3.4 36 39 4.7

]

Figure 4. Coffee bean roasting levels

(Source: [20])

The hot air coffee roaster is a coffee
roasting tool that uses a convection heat
transfer mechanism using hot air flow in a
pipe for the roasting process of coffee beans.
In its process, air is produced from pressure
on the blower, the aim of which is to provide
air pressure in the pipe so that air can flow
into the coffee bean roasting room. To produce
hot air in the pipe, there is a heating medium,
namely a burner at the bottom along the
heating pipe in the heating furnace. The
presence of a combustion burner in the
heating stove pipe burns along the heating
pipe so that the air in the pipe also heats up
and this hot air will later be used for the
roasting process of the coffee beans. Heat
transfer occurs when heat energy moves from
one object to another object that has a lower
temperature [24].

Heat transfer is the science of energy
transfer in the form of heat which occurs due

to temperature differences between objects or
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materials [25]. In the energy transfer process,
there is a speed of heat transfer that occurs, or
it is known as the heat transfer rate. Heat
transfer can be defined as a process of moving
energy from one area to another due to
differences in temperature in that area. There
are three main mechanisms in heat transfer:
conduction, convection, and radiation.

Conduction heat transfer is a heat
transfer mechanism that occurs through
direct contact between particles in an object
or between two objects that are in contact
with each other. In a coffee roaster,
conduction can occur when the raw coffee
beans in the tool come into contact with the
hot surface of the tool. The heat will then
travel through the coffee beans gradually,
changing the temperature of the beans and
causing the roasting process.

The heat transfer that occurs in a radial
cylinder system, such as in the construction of
a heat exchanger in a hot air roaster, can be

assumed by solving the following figure and

equation.

Alur kerja Uap panas ;

Figure 5. Scheme of the workflow of hot air

coffee roasting
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Figure 6. 1-Dimensional heat flow in a
hollow cylindrical racial system
(Source: [26])

The equation of Fourier's law becomes:
dr
Q= =K 20 L (2.4)

(Source: [27])

Calculating the overall area on a cylinder

(Source: [26])
If D is the diameter of the cylinder, then it

becomes.

T0 Do

(Source: [26])

With boundary conditions above the
equation of heat flow in the cylinder above
equation is used as follows.

Q=

2nrL (Ti—To)
. Do
in (3P

With the formulation of thermal resistance as

follows.
in (39
Rth S (2.8)

The factors that influence the rate of
conduction heat transfer are:
1. The temperature difference between the

two surfaces (AT). The greater the
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temperature difference, the faster the heat
transfer
2. The distance between the two surfaces /
thickness / length (1), the thicker it is, the
slower the heat transfers.
3. Surface area (A), the greater the surface
area, the faster the heat transfer.
Convection is heating transfer that occurs
through the movement of fluid or air that
carries heat energy. In the context of a coffee
roaster, convection occurs when hot air moves
through the roaster and flows around the
coffee beans. Hot air carries heat energy which
then transfers heat to the coffee beans. Good
air movement in the roaster is very important
to ensure efficient and even heat transfer to all
parts of the coffee bean. Judging from its
working principle, the hot air roaster uses a
blower to provide pressurized air to flow air
into the roasting room, so the convection heat
transfer in the hot air roaster is a type of

forced convection.

Pt
-

=

Thy

"

' I
Figure 7. Convection Heat Transfer
Process in Cylinders
(Source:[28])
The process of heating and cooling a fluid

flowing in a closed channel is an example of a

heat transfer process. The heat transfer rate at
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a certain temperature difference can be
calculated using the equation.
q = —hA(Tw — T)
(Source: [29])
Or use the equation for the rate of
convection heat transfer in a hollow cylinder

using the following equation.

g= h.A.AT

(Source: [26])

Noted:

Q = heat transfer rate (kj, det, Watt)

h = convection heat transfer coefficient (W /

m2, °C)

A = Heat transfer surface area ( fft2, m2)

Tw = Cold temperature (°C, K)

Too = Surrounding temperature (°C, K)

AT= Temperature difference (wall

temperature Tw - fluid temperature Too), °C
The minus sign (-) is used to fulfil the

Second Law of thermodynamics, while the

heat transferred always has a positive sign (+).
The factors that influence the rate of

convection heat transfer are:

1. The surface area of the object (A), the
greater the surface area of the object in
contact with a fluid, the faster the heat
transfer.

2. Difference in object temperature (AT), the
greater the temperature difference
between the object and the fluid surface,
the faster the rate of convection heat
transfer.

3. Convection coefficient (h), depends on the

shape of the surface and is obtained

experimentally. For example (h) in the
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human body is obtained (h) with a value of
7,1]s1m2ZK1.

The heat transfer due to fluid outside the
pipe is analyzed based on conduction heat
transfer that touches the heating pipe
arrangement. The magnitude of the heat
transfer coefficient by convection in the pipe
is greatly influenced by the temperature of the
burner gas that touches the pipe in the row of
heating pipes in the heating furnace. You need
to know the arrangement of the pipes in the
hot air roasting furnace heating furnace first.
The type of fluid flow found in hot air roasting
tools is the staggered type. To find out the
number and surface area of the hot air
roasting furnace, use the following equation.
N=N1+N2
(Source: [28])

Note:

N = Number of heating pipes

N1 =Number of pipes in row 1

N2 = Number of pipes in the 2nd row

After knowing the amount of N in the
heating pipe, then calculating the surface area
of the hot air roasting tool heating pipe using
the following equation.

A=NnDL
(Source: [28])
Note:
A = Surface area (m)
N = Number of Pipes
D = inner diameter of heating pipe (m)
L = Length of heating pipe (m)
The heat transfers due to fluid flow that

occurs in the pipe is an internal flow where the
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boundary layer does not allow it to develop
because it is limited by the surface. The heat
transfer that occurs in the pipe is a type of
forced convection due to blower pressure. To
calculate the value of the heat transfer
coefficient by convection in the pipe on a hot
air roasting device, it is necessary to pay
attention to the amount of conduction heat
transfer obtained from the heating furnace to
heat the air in the pipe and the number of
arrangements contained in the heating pipe.
After finding the surface area of the inner
heating pipe, then find the air flow velocity in
the pipe (Vmax) with the following equation.
With the provision of:

(ST-D)<2>(SD-D)
With Formulation

ST
SD-D

Vmax = XV

(Source:[28])

After knowing the speed of the air flow
and the wall surface area of the inner pipe, the
next step is to know the rate of convection
heat transfer from the heating furnace to the
roaster room along the flow pipe of the hot air
roasting tool. You need to know the value of
the Reynolds number (ReD) and the Nusell
number (NuD). With the following stages and
equations.

Determining (Tmean) the average

temperature of the air from the heating pipe

and roaster chamber, with the equation.

Tci + Tco

T =
mean 2

Note:

Tmean = Average temperature
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Tci = Inlet air temperature from the furnace
0

Tco = Air temperature leaving the roasting
room (°C)

After obtaining the average temperature,
the next step is to look for the properties of the
air at a certain temperature. After finding the
property data, then look for the value of the
Reynolds number (ReD) to determine the type

of flow using the equation.
PXVxD
u

ReD =

(Source: [28])
Note:
P = Density of air (kg/m3)
V = Maximum flow velocity of flue gas (m/s)
D = Inner pipe diameter (m)
u = Dynamic viscosity (kg/ms)

In the internal Reynold number flow,
there are 2 types of flow, namely:
1. Laminar Flow
This flow occurs if the value of ReD < 2300.
Heat transfer in this flow can be seen from the
constant surface heat flux and constant
surface temperature.
2. Turbulent Flow
This flow occurs if the ReD value is 2 2300. In
this flow, the Nusselt number can be
calculated using the Dittus-Boelter equation.
With the influence of the type of heat transfer
become one of the factors taken into account
(cooling or heating).

The overall heat transfer coefficient is the
overall thermal resistance between two fluids
(cold fluid to hot fluid) through which heat

transfer occurs, including the presence of
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fouling factors that may occur after the heat
exchanger is used. The overall heat transfer
coefficient can be calculated by adding up the
thermal resistance due to conduction and
convection between two fluids bounded by
the cylinder wall. The general equation for
calculating the overall heat transfer coefficient

is:

(Source: [28])
Note:
Rtot = Total resistance
U = Overall heat transfer coefficient (W/m.k)
A =Total area of the heat transfer surface (m2)
Thermal resistance involves flow
convection resistance inside the cylinder,
conduction resistance in the cylinder material
and flow convection resistance outside the
cylinder, so the following equation can be
taken.
L in(%) 1
ho2.ro.L  2KL  hi2rio
(Source: [28])

Note:

Rtot =

Rtot = Total resistance

ho = Convection heat transfer coefficient
outside the pipe (W/m2 k)

hi = Convection heat transfer coefficient in the
pipe (W/m2 k)

ro = Inner radius of the pipe (m)

ri = Outside radius of the pipe (m)

L = Pipe Length (m)

K = Thermal conductivity (W/m2 k)
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1

U= 1 1o, ri 1
Rtk Tro T
(Source: [28])

Note:

U = Overall heat transfer coefficient (W/m k)

ho = Convection heat transfer coefficient
outside the pipe (W/m 2 k)

hi = Convection heat transfer coefficient in
the pipe (W/m 2k)

r o =Inner radius of the pipe (m)

r i = Outside radius of the pipe (m)

K = Thermal conductivity (W/m 2 k)

From the results of testing the hot air
roaster three times, material parameters were
found for data processing. The time and
temperature used are based on the coffee
roasting test. The data obtained is as follows:

Table 3. Test parameter results data

Testing

Parameter Unit
1 2 3

Time 14 26 24 minut
LPG fuel 8.2 7.2 6.3 kg
weight before
Blower 16.000 16.000 16.000 rpm
Rotation Speed
Blower Air 26.2 24.8 24.2 m/s
Flow Speed
Coffee Bean 3.2 3.3 33 m/s
Separator Pipe
Exhaust Speed
Air velocity at 4.8 4.0 4.2 m/s
the heating
furnace
exhaust
Burner gas 700 748 734 °C
temperature
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Air 31 31 31 °C
temperature
from the

bhlower

Roaster Room 360 305 260 °C

Temperature
Coffee Bean 271 210 214 °C

Temperature

Table 4. Theoretical calculation of heat

transfer in hot air roaster

Time Roastin Conducti Roaster = Convecti Average
(Minutes) g on Heat Room on Heat efficiency
temper Transfer Convection Transfer (%)
ature Coefficie Heat Coefficie
nt (W) Transfer ntin
Coefficient coffee
7.80 208 2413.1 3677.2 3926.6 61

It was found that the results of
theoretical calculations to determine the
rate of conduction and convection heat
transfer in a coffee roaster showed that
the time required to reach 700°C burner
temperature was 7.8 minutes. The effect of
the burner temperature on increasing the
temperature in the heating furnace was
650°C with a conduction heat transfer rate
of (Q) 24131.1 W. It was also found that
the effect of the temperature on the gas
burner on increasing the temperature in
the roaster room was 208.9°C with a
convection heat transfer rate to the
roaster room of (Q) 3677.2 W and it was
also found that the convection heat
transfer coefficient for coffee beans was
(Q) 3926.6 W with an average heat

transfer efficiency of 61%.

Hidayat, Oyok Yudiyanto, Faadiyah Cheryl Rachelia

From the results of the calculation of
the overall heat transfer coefficient of the
hot air type coffee roaster, it was found
that the overall heat transfer rate was high
in terms of the heating furnace
(conduction) of the hot air roaster to
transfer heat to the roaster chamber
(convection) from three treatments. After
knowing the overall heat transfer
coefficient of conduction and convection,
the average efficiency will then be
calculated to determine the average heat
transfer efficiency of the hot air coffee
roaster in the three treatments.

Table 5. The results of heat transfer

coefficient and average efficiency of the hot

air roasters

Heat Transfer Rate

Burner Temper Effi
Testin :

Tempe atureln 1 Pipe Coffee cjency

g
rature Coffee ConvecConvec  (op)
tion tion

1 700 271 9222. 109 320 34.7
2 748 210  9883.37481.3 3444.6 34.8
3 734 214  9690.37481.31123.3 11.6

From the results of the calculation of
the heat transfer rate that occurred in the
hot air roaster, which is viewed in terms of
conduction and convection, the results of
the heat transfer coefficient and average
efficiency of the three treatments are
known. In the 50th treatment at a burner

temperature of 700°C, it was found that
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the resulting conduction heat transfer rate
coefficient was (Q) 9222.8 W and based on
convection from along the pipe to the
coffee (Q) 3209.4 W with an average heat
transfer efficiency of 34.7%. In the second
test, the conduction transfer in the furnace
was (Q) 9883.3 W and the convection heat
transfer to the coffee was (Q) 3444.6 W
with an average heat transfer efficiency of
34.8%. In the third test, it was found that
the conduction heat transfer in the furnace
was (@) 9690.3 W and the convection heat
transfer along the pipe to the coffee was
(Q) 11233 W with an average heat
transfer efficiency of 11.6%. Roasters
should operate with a low air-to-bean
ratios and a high proportion of conductive

heat transfer [30].

CONCLUSION
From the results of the discussion that
has been carried out regarding heat
transfer analysis research from the hot air
coffee roasting furnace heating furnace,
several conclusions have been drawn,
namely as follows:

1. The results obtained from 3 trials of the
hot air coffee roasters in the first testing
are gas burner temperature to reach
700°C took 14 minutes. In the second test
to reach 748°C, it took 26 minutes and in
the third test to reach 734°C, it took 24

minutes. The rate of conduction heat

transfer from the gas burner to the pipe in
the heating furnace in three tests was
found to be (Q) 9222.8 W, (Q) 9883.3 W,
(Q) 9690.3 W. It was found that the rate of
convection heat transfer from the heating
furnace to the roaster chamber in three
tests was (Q) 1099.3W, (Q) 7481.3 W, (Q)
7481 W and the convection heat transfer
rate to the coffee beans from three tests
was (Q) 3209.4W, (Q) 344.6 W, (Q) 1223.3
W, with an average efficiency of The
average conduction and convection heat
transfer is 34.7%, 34.8% and 11.6%.

From the results, it was concluded that the
factors that influence the heat transfer of
hot air roasters are conduction and

convection in hot air roasters.
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