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Abstract

Heat and mass transfer in the parchment coffee during convective drying represents a complicated
phenomena since it is important to consider not only the transport phenomena during drying but also the various
changes of the drying materials. In order to describe drying of biomaterials adequately, a suitable mathematical

model is needed. The aim of the present study was to develop a 3-D finite element model to simulate the
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transport of heat and mass within parchment coffee during the thin layer drying. Thin layer drying experiments
of coffee bean and parchment coffee were conducted in the temperature range of 40-60°C, the relative
humidity ranged from 14 to 28% and drying air velocity of 1.4 m/s. The moisture diffusivities in different coffee’s
components (parchment and coffee bean) were determined by minimizing the RMSE between the predicted
and the experimental data of moisture contents. The simulated results showed that the moisture diffusivities of
coffee bean were three orders of magnitude higher than those of the parchment. Moisture diffusivities of coffee
components were found to significantly increase (P<0.05) with the increase in drying air temperature and were
expressed by Arrhenius-type equations. Moreover, the model was also used to predict the moisture gradient in
coffee bean during drying. The model simulates the moisture contents in different components of parchment

coffee well and it provides a better understanding of the transport processes in the different components of the

parchment coffee.
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Physical Unit Average
Properties
Weight a 13.502+0.19
Width cm 0.727+0.31
Length cm 0.947+0.38
Thickness cm 0.433+0.20
Volume cm’ 0.111+0.12
True Density g/mi 0.928+0.34
Surface Area cm’ 1.413£0.19
Sphericity % 70.90+0.13
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Equations Property Expression
(1 . Cq =1.00926 E3 —4.0403 E — 2(T) + 6.1759 E — 4(T*) — 4.097 E — 7(T">)
(2) k, ky =2425E —2+7.889E —5(T) —1.790 E — 8T* —8.570E —12(T°)
(3) Pa Pa =101.325/(0.287T,;)
(4) Hq g =1.691E —5+4.984 E —8(T) —3.187E —11(T%) +1.319E —14(T°>)
(5) Dyye D,y =-2.775E —6+4479E —8(T —273.15) +1.656 E — 10(T —273.15)
(6) R, R,=p,-U-Dylu,
) S Se = Ha/(Pa X Dya)
(8) S S, =2+ (0.6R3-5Sc°~33)
(9) B hyy =(S) % D,y / D)
(10) N, N, = (0.46R3-5)+ (0.00128 R,
(11) h, h =N, k,)/D,
(12) hp h g =(1+(2.496 exp(-21.733)M ))x (2502 —2.386 T)x 1000

e c= specific heat of air (J/kgxK), ka = thermal conductivity of air (W/mXK),pa =density of air (kg/m°), u = dynamic viscosity

of air (kg/mxs), Dwa = diffusion of water vapor in air (m?/s), Dp equivalent diameter of parchment coffee, Re: Reynold number, Sc

= Schmidt number, Sh = Sherwood number, Nu: Nussel number and 7" = air temperature (°C)
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Components Property  Expression Equations Units
¢ ¢ = (1.099 +0.0070T;, +5.0M)/(1+ M) (13) kJ/kg °C
Coffee bean Ky kp =0.00116 M +0.062 (14) W/mxK
25 Py =T8.845M +1723 (15) kg/m’®
¢ ¢, =6.799(M 1(1/3))+0.0321 (16) kd/kgxK
Parchment  k,, k, =0.446(M 11/ M))+0.0238 (17) W/mxK
P, p, =1.4832(M /(1/3))+893.58 (18) kg/m’
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