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Modeling drying process of coffee beans
by single particle admixture method

H.D.Lien !, N.T.Nam 2, L.S.Antonov °, A.K.Terziev *
! Hanoi Agricultural University
2 HCM City University of Technology
3 Technical University Sofia - Bulgaria

ABSTRACT. It has been given a model of drying process of different sort
coffee beans which are produced in Vietnam. The method of single particle
admixture has been used for process of modeling as take into consideration
that moving air media is with temperature equal of drying temperature for
given material. Numerical results are given in the current work

1. Introduction

Vietnam is one of the biggest coffee producing & exporting countries in the
world. According to the data of Ministry of Trade, the yield of export coffee of
Viet Nam in 2004 - 2005 is 900.000 ton, but the export price has just reached
380 USD per ton.

Coffee beans drying method to improve coffee quality& price is very
necessary. By numeral calculation method, using single particle admixture
method to set up a model for coffee drying process that achieves estimated
result of basic parameters of this process based on time in order to ensure the
optimality and effective improvement of this process as well as other similar
agricultural products.

2. Basic equations

Drying processes of organic materials in this case of some food materials
(coffee beans, wheat beans, seeds, etc.) could be modeling by single particle
admixture method.

As we known, it is built basing on Lagrange method. Lagrange method is
usually used to study two-phase flow through the single particle admixture
method. That means, it can be applied to the condition of very small volume
concentration, so the existence of elements which is not taken into the
parameters of gas phase. This is the necessary initial condition to imitate
approximately the direct movement of the particle admixture. To solve the
problem according to this model, we have to carry on following steps: Firstly, it
is calculated with fresh air flow to specify the parameters and then specify the
parameters of gas elements: velocity and orbit of particle admixture.
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To establish mathematical model based on Lagrange equation:

du, .
mp7=—0,5CRspgur (1)

dvl’ e ¥4

mPE—— m[,g—0,5CRspgv,. (2)

where: m, is the mass of admixtures; Cr - Aerodynamic resistance

coefficient; S - middle section of the particle; u, = u, - u,; v, = v, - v, - relative
“_.”

velocity by x and r axes. Indexes refer by: “g” — gases phase, “p” — admixture
phase.

Aerodynamic resistance coefficient Cp, according [1] is defined by
expression:

24
C, = E(l +0,179Re’ +0,013Re, ) » (3)
D v,
where: Re = ”' 'l 3 D,- equivalent diameter of a particle;
Ve

v, - relative velocity; |v,,l =u? +v?; 7, - kinematical viscosity of the gas
phase.

Task has been sold by following preconditions:

1) Constancy of gas phase velocity;

2) Gas phase’s temperature is equal to drying temperature. It defines
constant density of gas phase.

3. Modeling of drying process

In the current work is reviewed a drying process of coffee “ROBUSTA”
which is producing in Vietnam [2]. Size of coffee beans vary from 3 - 9 mm;
initial moisture 50, 28, 20 %. Density of grain material by highest moisture is
p, = 800 kg/m’.

Changing of moisture in drying process according to [3] is presented by

following expression:
¢ =9,
P 4)
(DI a ¢p

where: @, - current moisture; ¢*, - equilibrium moisture and ¢; - initial
moisture.

K= exp(—zry) (5)

where, according to [3] :
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z=(60142+1,453.10".U)" - [3 L6 32).(3,353. 107 +3.107.02)" (6)
5 7
y=0,1245-2,197.10".U + [34,, + 32].(2, 3.10°.U-58.10") )
5
22 —ewp-k2") ®)
(0/ o ¢p

where with t,, 1s noted middle temperature in drying process of material.

According to [4], that water in raw coffee is about 12%, so for density
change of particle can be defined by:

t
Pp = pl,[0,9 +0JIMTO:I ) [kg/m3] 9)
1
Similarly the expression for coffee grain mass can be written:
z.D?
m, =Tppp{0,9+0,1u'—(t)J, [kg] : (10)
U

4. Numerical experimental results

On the base of described mathematical model of coffee bean drying process
is made numerical experiment for sort coffee according to [2], and data given
from Vietnam for coffee beans with 28 % initial moisture.,

On figure 1 is given a change of coffee bean moisture [2] as a function of
drying time. Initial moisture is accepted for 50%; 30% and 20%. Gas phase
density is p, = 0,73 kg/m® by drying temperature ¢ = 220°C. By analogy density
1s changing, which is explicable with moisture decreasing (fig. 2). Changing of
coffee bean’s mass is a result of density changing. Mass decreasing is shown on
fig. 3 and fig. 4 for three diameters of coffee beans in trend of drying process.

Continuation of drying process by reaching of equilibrium moisture (u, =
12%) represents technological interest. Continuation of this process correlates
with three initial moistures which is given on fig. 5.

Comparison with experimental results for coffee bean drying process was
not made because lack of similar data.

On fig. 6, 7 and 8 have shown the results from numerical calculation of
drying process with data from our Vietnam joint-authors. According these, the
Initial moisture is u, = 28%. A moisture change by three different drying
temperatures in dependency of ¢, s is presented.

Velocity of gas phase is u, =10 m/s. By low initial moisture drying process
is with short continuation.
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On fig. 9 in logarithmic scale has presented mass changing of coffee bean
drying process for three different diameters Dp = 0,003; 0,007 and 0,009 m, as
a function of ¢, s.
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5. Conclusion

Made numerical result lead to the conclusion that using method allows
from mathematical point of view to be received reliable data for one important -
technological process.

Applying calculating model is the necessary fundamental theory. In
similar cases, it can be applied to analyze and study the drying process of other
similar agricultural products as well as to improve quality and reduce cost of
energy.
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