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Polynomial model adopted for the moisture content influence to the drying rate of
non-hygroscopic products like the pozzolana presented some limits. This model
was not universal and has diverged whether moisture content different to the ap-
propriate experiment values has been used. Thus, a new exponential model based
on the inverse of moisture content and respecting to the imposed boundary condi-
tions has been proposed. Model parameters were determined using the least square
approximation method of Newton-Marquart. The predicted temporal variations of
moisture content were provided from the Runge-Kutta fourth order integration
scheme computed on the new model of drying rate. Moreover, two-way ANOVA
method was performed on data analysis, at the parameters statistical significance
and in residual analysis for the model fit quality. Model validations were done by
comparisons among theoretical and experimental values and between predicted
and polynomial models. Comparisons showed a good agreement with highest R’
and lowest reduced chi-square, MBE, RMSE, and MAPE.

Key words: universal model, pozzolana, non-hygroscopic products,
drying, drying rate

Introduction

Drying rate modeling of food and/or industrial products has been an interesting do-
main for economic, sanitary, and environmental reasons. Several researchers have already es-
tablished drying rate models for the hygroscopic products such as pineapple and vanilla [1],
peel of grenadine [2], banana [3], rice paddy [4], fish [5], whey [6], wood [7], shrimp [8], corn
[9], cooked rice and sewage sludge from wastewater treatments [10], tomato [11]. These mod-
els were generalized using the Henderson relationship for hygroscopic products [12].

However, in the case of the non-hygroscopic products, Lambert et al. [13], Benkad-
dour et al. [14], Thikare et al. [15], Bottoni [16], and Billong ef al. [17] have investigated the
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physico-chemical properties about the mixture of non-hygroscopic product with other materials
and have analyzed the pozzolana importance in the industrial use. Yet, these authors did not
study the drying kinetics of these materials. Indeed, established model for the drying kinetics of
non-hygroscopic products is rare and non-universal, namely the pozzolana drying rate as seen
into the work of Ramamonjisoa [18]. On this model, drying rate was expressed on several pa-
rameters that influenced the drying process like the product thickness, the temperature and the
moisture content. In the literature, a polynomial model has been used to describe the influence
of product moisture content in drying rate [18]. The polynomial model has had some limits in
conditions of use that were different from those of the experiment. The model was diverged at
moisture content values outside of the experimental values.

To palliate this problem, moisture content effect into the drying rate was rephrased to
better describe the drying rate variations with the moisture content of non-hygroscopic products.
Therefore, a new model of exponential type that was converged for a large range at the mois-
ture content values is predicted. This new model will be validated by using the corresponding
experimental data on the pozzolana drying and by comparison to the polynomial model [18].

Methodology
Modeling of f(N,) function

The general form of drying rate was given:

dvg
W) (M

wherein

T e

3
m= exp(——z‘zg'lo +&—1.89]
r

for the pozzolana was established in [18].

The boundary conditions were as f{/Ny) must be converged toward a finite value for
the large moisture content values and was tended toward zero for small value of this moisture
content.

In this study, new model of exponential form was proposed in which the expression
was presented:

a
S (Ny) anp[ st 2

The parameters o and a were determined through the experimental data for the non-hy-
groscopic products drying like the pozzolana. Determination of f{Ny) function has required the
numerical approximation methods. The experimental values of pozzolana drying rate corre-
sponding to the moisture content variations were computed via the finite differences method
[19] at a stationary time interval A¢. Obtained values were the experimental values of drying
rate variations on the drying time. Therefore, experimental values for f{Vy) were calculated by
using the general definition of drying rate. By taking the absolute values of drying rate in egs.
(1) and (2) was led to eq. (3) as:
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The egs. (1)-(3) allowed the estimation of « and a. Determination of these parameters was
carried out by the least square method of Newton-Marquart [20, 21]. In fact, eq. (2) can be written:

In[ /' (Ny)] = —Ni+b, with b=Ina )

S

While combining egs. (3) and (4), eq. (5) was obtained like :
In {i AN
m

dt

Profiles of In[f{V,)] on the inverse of product moisture content have provided from
the eq. (5).

If these profiles were arisen likely in straight line, parameters a, b, and o could be
determined across different values at other drying parameters as the temperature and the
thickness of product, fig. 1.

Indeed, the predicted drying rate integration allowed calculating the values of
theoretical moisture content. This integration was carried out of Runge-Kutta fourth order
integration scheme. The model validations were
performed by comparing the experimental mois- In{ il dfvs]
ture content values and those obtained about the e
predicted model as well as between the predicted
and the polynomial f{V¢) function. The model val- b
idations were performed by comparing the experi-
mental moisture content values and those obtained
about the predicted model as well as between the
predicted and the polynomial f{/V,) function. Thus,
two-way ANOVA method was applied to perform
each parameter statistical significance and the re- - >
sidual analysis for the model fitting [22-24]. 7 N

-_4
}— N +b 5

Uncertainties calculation and residual analysis Figure 1. The In[f{Vy)] profile vs. 1/Ng

The committed errors to the parameters assessment were already included into the least
square method [21]. But the relative uncertainties on some parameters such as b could be analyt-
ically calculated. Indeed, asb =In«a then the uncertainty to the measure of b was shown:

_Aa

Ab (6)

a
The uncertainty into the determination of f{Ng) function was given by minimizing
the mean quadratic errors on the parameters estimation based in the least square method [20].
Propagation of committed relative error to the drying rate was written [25]:

AV, _ Am  Af(Ny)

Vs om f(Ns)
where V; = |dNS /dt| was the drying rate absolute value.
The Am has been already determined in [18].

The theory of two-way ANOVA was developed in the literatures [26, 27] and good-
ness of fit for the reduced chi-square, y? [28], coefficient of determination, R2, [29], root

()

reduced?®
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mean square error (RMSE) [23, 30], mean bias error (MBE) [21], and mean absolute percentage
error (MAPE) [31, 32] were computed across the following egs. (8)-(12). Indeed, moisture ratio
(MR) at time ¢ was simplified as: MR = Ng /N, , [8, 18, 31], where Ny, was the product initial
moisture content. Then, the statistical parameters for the model fitting were written:

i(MRei ~MR,)

2 — i=1 8
X reduced N—Z ( )

R*=1-+%! - )

RMSE =14/ (10)
N
1 N
MBE =— (MR, — MR 11
v 2 (MR, ~ MR, ) (1
N _
MAPE:iZmoyi—fi (12)
N3 Vi

where MR; and MR ; are, respectively, the i experimental and predicted dimensionless mois-
ture ratios, but MR; was the i mean of predicted dimensionless moisture ratio at time ¢. The
v, and f, were the i™ experimental and predicted model values at time ¢. The sum square error
(SSE) was obtained by the results of ANOVA method. Moreover, egs. (8)-(11) could be extend-
ed to compute another model fittings as the f{/V5) function and drying rate by changing MR to
the corresponding dimensionless ratios. Goodness of fit and trueness criteria of model was ob-
tained like the highest values of R* and the lowest values for y? RMSE, MBE, and MAPE
[8, 23, 33].

reduced”

Hypothesis statistic test

The modeling formulation was often attached some assumed hypotheses [22] in which
null hypothesis, H,, vs. alternative hypothesis, /, have been to test. Indeed, null hypothesis, H,,
to test is that samples have the same mean (no significance effect of parameters) vs. the alterna-
tive hypothesis, H,, as follows, one sample mean was at least different of another sample means
(significance effect of parameters). The statistic test was the F-test of Fisher-Snedecor. Main
effects of model parameters were determined through the calculated ratios values F,; (as /', and
F,). Threshold values of F-statistic have given by Fisher-Snedecor table with the corresponding
degree of freedom at the critical significance likelihood p-value of 0.05 [26], as chance to reject
the null hypothesis, H,,.

Furthermore, the null hypothesis, H’,, for interaction parameters is that the parameters
are independent. Moreover, reduced chi-square test was likely performed to test normality and
homoscedasticity [22, 34]. All tests were performed to the one sided test.
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Experimental conditions

The pozzolana granular arose a round shape at porous structure. They had a gray color
and presented a little rough surface. Pozzolana physical characteristics at dry state, elemen-
tary chemical composition, mineralogical, and granulometric analyses were found [18]. The
pozzolana sample was come directly from Ravine Blanche career to Saint Pierre (La Réunion
Island-France) without undergoing previous treatments. Drying process was discontinuous and
performed in thin-layer [18]. The sample was locked into the flexible metallic grid with very
fine mesh of 80 um of diameter, basis surface of 16x18 cm? and height of e (sample thickness).
The air flux was ascending during all the operation. For every measure, sample thickness was
ranged from 1 to 2 cm. This value was big enough compared to the average diameter of poz-
zolana particles that was of 0.13 mm. Furthermore, drying air velocity measured by the wind
gauge was of 2 m/s that was likewise the common value for all measures. The initial moisture
content value was calculated from the dry matter mass contained into the pozzolana sample and
that value was of 0.156 kg/kg, dry basis.

Results and discussion

Variations of pozzolana moisture content
via experimental measures

The experimental values for the pozzolana
moisture content at different temperatures al-
lowed to describe the moisture content variations
versus the drying time as shown in the fig. 2.

In fact, pozzolana moisture contents were
decreased and had tended toward zero at the
prolonged drying period. Besides, reduced
chi-square test was assumed to test the normal-
ity into the experimental values [28, 32]. The
following results were obtained by ANOVA
analysis applied onto the data set for experi-
mental values of pozzolana moisture content. : : :
In degree of freedom of 87, chi-sqaure was 87 0 N SN AN S R NN A
and reduced chi-sqaure was of 1. Obtained re- ’ 1 ’ ’ ¢ ’ Drsingtim?e I ’
sults allowed to conclude that all samples are
coming from a normal distribution that has the
same variance [35].

+ Experimental (70 °C)
+ Experimental (60°C) |:
# Experimental (50°C) [}

Pozzolana moisture content [kg kg™, Dry Basis]

Figure 2. Variations of experimental pozzolana
moisture contents on the time

Table 1. Effects of temperature and drying time in the pozzolana moisture content

Soqrc_e Degree of Sum Mean Root mean F F
of variations freedom squared squared square cte S G
lemperaurecticey | 2| 0003 | 00017 F=TS3811 | Py =316
Gryimg imeettecy | 2| 01487 | oodst Fo= 2334420 | Foss ooy = 167
Residuals (errors) 58 ng: Og‘flg 2 1]9‘/[6%12:)0 5 1%%‘?57: F,=1 Fogsss 59 = 1.55
Total 89 0???;
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Two-way ANOVA analysis was employed to determine the effects of temperature and
drying time into the pozzolana moisture content. Corresponding results were shown in tab. 1.

Compared to the corresponding £ g5 , 55 and F g5 9 55, threshold values obtained by
Fisher-Snedecor table, /| and F, values have been greater than these threshold values. Then,
null hypothesis, H,, was rejected. Hence, temperature and drying time effects were statistically
significant in the data set from the moisture content of pozzolana drying. In terms of interaction
between the temperature and drying time, F, calculated value is lower than the F o5 4 ¢, thresh-
old value. In doing so, H’, is not rejected. The both parameters were significantly independents.

Parameters determination of f(N)

—+ Adjusting (70°0) |
--{ —— Adjusting (60°C) |1
—& Adjusting (50°C) |

The profiles of log(V) vs. inverse of
moisture content were shown on fig. 3.

About the calculation of V experi-
mental values, these values were comput-
ed with the finite differences method by
taking At =0.25h.

All the variations of log(¥y) on the
moisture content have occurred in straight
lines. Then, parameters a, a and b for the
ANy function could be determined by
least square method of Newton-Marquart.
The corresponding results were presented
to the tab. 2. Reference thickness was of
I cm.

An inspection on these results was led
that the parameters were determined in ac-
ceptable reliability at 10*. The average values were, respectively: a = (0.067 £+ 0.009) kg/kg,
dry basis, a = (1.1 £ 0.2)10? kg/kgh, dry basis, and b = 4.7 + 0.2.

log(Vs)

| 0 | |
10 20 3n 40 50 60 7n 1] 90
Ny [kg kg™, dry basis]

Figure 3. Variations of log(V;) vs. inverse of
moisture content

Table 2. Parameters values of f{/Ny) function at different temperatures

T [°C] 50 60 70
a [kgkg!, dry basis] 0.0765 0.0594 0.0663
Aa [kgkg™!, dry basis] 0.0240 0.0224 0.0151
o [kgkg'h!, dry basis] 122.3028 87.2040 117.4596
Aa [kgkg'h™!, dry basis] 34.7359 25.6014 21.7994
b[-] 4.8 4.5 4.8
Ab [-] 0.3 0.3 0.2
D (quadratic errors) [—] 9.0367¢—004 12e-004 7.2968e—004

Hence, f{NVy) function was expressed as shown in eq. (13):

_0.067
p N

F(N)=1.110%ex

Profiles of f(N,) function and drying rate

(13)

At different temperatures, the profiles of (V) function and corresponding drying rate
on the product moisture content were shown respectively to the figs. 4 and 5. Predicted f{Ny)
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Figure 4. The f(/V,) profiles from predicted and Figure 5. Variations of predicted and experimental
experimental values vs. pozzolana moisture values for the pozzolana drying rate with moisture
content at different temperatures content at different temperature

values were computed through eq. (13) by using the outcome moisture content values of Run-
ge-Kutta fourth order integration scheme. As the drying rate profiles, all variations of f{Ny)
function were tended toward zero at lower values of moisture content and were, respective-
ly, converged to the finite appropriate values at higher moisture content values. Then, model
boundaries conditions were well validated. Moreover, the comparisons between predicted and
experimental values were revealed the weak discrepancies. However, parameters statistical
significances and residual analysis could be deducted from the tabs. 3-6. Indeed, Two-way
ANOVA was performed for these results. According to the tab. 3, comparisons were likely to
test the independence assumption among these f{V) parameters through the obtained results.
As these ratios F, and F, corresponding to the temperature effect and their interaction with
moisture content, these values are lower than those given by threshold values indicated to the
Fisher-Snedecor table. Then, null hypothesis are not rejected.

Table 3. Two-way ANOVA table for parameters statistical significance on f(/Vy) variations

o Degree of

Source of variations froedom Sum squared | Mean squared o Foos i)
Within group _ _ _ -
(temperature effect) 2 SSF, =0.0094 | MS=0.0047 | F,=1.7527 | Fyo5,.0 = 3.10
Between groups _ _ - =
(moisture content effect) 29 SSFy=5.1687 | MS,=0.1782 | F,=66.3282 | F{ g5 29.00y= 1.60
Interaction 58 SSI=0.1981 | MSI=0.0034 | F\,=1.2713 | Fjoss5.00 = 1.49
Residuals 90 SSE =0.2418 | MSE = 0.0027
Total 179 7SS =5.6181

Therefore, temperature effect is not statistically significant about the f{/Vg) variations.
Hence, hypothesis of independence between predicted model of V) function and temperature
was justified. Besides, moisture content and temperature had not interaction between them.
Moisture content effect was performed into the comparison through the F, calculated value and
those predicted by the Fisher Snedecor table at the 0.05 chance to reject the null hypothesis.
Calculated value is greater than the F-statistic threshold value. As a result, pozzolana moisture
content is statistically significant in the model.
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Dependence between the moisture content and model of f{N,) function is revealed.
Hence, the assumed departure hypothesis that moisture content has been the single explanatory
variable into the model formulation of f{Vy) function was justified by this dependence.
Residuals analyses were carried
out across the tab. 4 to perform nor-
mality test, zero mean of errors and
model verification. Reduced chi-square
test value is very close to 1. Therefore,
these f{Ng) values belong to the gaussian normal distribution. In this fact, the distributions
had the same within group variances and the homoscedasticity for f{Ny) samples was verified.
MBE, RMSE, and MAPE were extremely lower and the R* was very close to the unit. In doing
so, the data set corresponding to the f{Ny) has been well described by the predicted model. The
mean bias error has had the very weak values. Then, the zero mean of errors hypothesis could
be accepted to consider that the mean bias error was like the formulation residual. Parameters
statistical significance corresponding to the drying rate variations were shown on the tab. 5.

Table 4. Residual analysis of f(IV,) function
MBE RMSE | MAPE [%]
2.1971e-004 | 0.0518 0.0478

R2
0.9570

2
X reduced

0.9939

Table 5. Two-way analysis of variances table for statistical significance of
temperature and moisture content on the drying rate variations

Source of variations ]?.reeg; ggl?lf Sum squared | Mean squared Fy. Fy o5 im)
Within group SSF, = MS= _ _
(temperature effect) 21836916005 | 4.1845¢-005 | 11 =109 | Fossgon =310
Between groups _ — = =
(moisture content effect) 29 SSF,=0.0907 | MS,=0.0031 | F,=81.06 | Fys09.00= 1.60
Interaction 58 SSI=0.0012 2.1{‘/7152—:005 F;, =055 | Fiosesg.00= 1.49

. B MSE =
Residuals 90 SSE =0.0035 3 85666005
Total 179 78S = 0.0954

As seen in tab. 5, like these £, and F', values are lower than threshold values of F-sta-
tistic given by Fisher-Snedecor table, then temperature effect is not statistically significant and
interaction between moisture content and temperature was insignificant. As F, value was great-
er than F-statistic threshold value provided by Fisher-Snedecor table, moisture content effect
was statistically significant. These results have been allowed to conclude that independence and
non-interaction hypotheses between the temperature and the moisture content were verified to
describe drying rate variations.

Moisture content influence in drying rate variations was well described by the new
model of f{ANy).

Corresponding results of residual analysis for drying speed variations were presented on the
tab. 6.

About the tab. 6, MBE, RMSE, and MAPE have had very small values. Whereas,
Joreaueed @Nd R? values were all close to the unit. Furthermore, zero mean of errors was exhibited
as well as mean bias error had the weak value like that considered for residuals values. The pre-
dicted temporal variations of f{/Ng)
function and drying rate with their
corresponding experimental values
were presented on the figs. 6 and 7.

Table 6. Residual analysis of drying rate variations
MBE RMSE | MAPE(%)
8.7160e-007 | 0.0062 0.0404

RZ
0.9636

2
X reduced

0.8085
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Figure 6. Predicted vs. experimental values for Figure 7. Variations of predicted and experimental
f(Ny) function with drying time drying rates values with drying time

As the f{Vy) function and at different temperatures, drying rate was decreased and tended to-
ward zero by increasing the drying time. The drying rate annulment was come from the absence
of heat and mass transfers between the products and drying air so much as this last was not
saturated.

Model validation and presentation of pozzolana drying rate
The log[f(NVg)] profiles obtained by o

the polynomial model and those obtained 5 ,,| | s _'
by the exponential model were presented on 5 4"5 oo
the fig. 8. =
Comparison between the log[f(N;)] .
values of polynomial model and those I
from the new model with 1/N; allowed to 25
conclude that the new model was kept al- 2p+t
ways the very linearity at the wide range 1544
of moisture content values. 1o
However, the polynomial model was 05
presented some linearity for certain range Gl N

o 20 30 40 50 wO YO 80 80 100 110 120

values at determined moisture content. 0 B i
Ns" [kg kg™, dry basis]

But for some values of this latter, diver-
gence was occurred after passing through Figure 8. Comparisor.l between the Rolynomial
a minimum. This fact showed the limit by models and exponential of the function f{(N)
using the polynomial model for f{Ny) function.

The comparison through the profiles of f{/Vq) function from the polynomial model and
those given by the exponential model with the pozzolana moisture content was shown on fig. 9.
Model verification using the polynomial model in five order for f{Ng) function was shown in

eq. (14):
f(Ng)=b, +b Ny +b,N +b, NS +b,N* + N,
with b, =6.9867, b, =-829.880, b, =4.4830.10*, b, =-5.7475-10°, b, =3.2164-10°, (14)
b, =—6.6149-10°
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where N is the moisture content of product. Indeed, the polynomial model had a minimum
at the lower values and was diverged toward quasi-infinite for the higher values of moisture
content. However, new model was converged toward zero for weak values of moisture content
and was tended toward a finite value for very large higher values of this last. Moreover, Model
validation was performed through the outcome values of residual analysis as presented in the
tab. 7. Exponential model for f{V5) function was compared to the polynomial model.

According to the tab. 7, all corresponding values to the MBE, MSE, RMSE, and MAPE
for the new model of f{Vy) function were lower than those obtained to the polynomial model.
But, new model R? and y* ;.. Were greater than those given with this polynomial model.

Besides, these two models were shown a good agreement between them while the
experiment conditions were remaining.

Therefore, exponential model of f{Ny) function was the best model to describe mois-
ture content influence into the pozzolana drying rate.

Table 7. New model validation with polynomial model and experimental values for f{(/N)

Model Poteed | MBE MSE RMSE | MAPE[%] | R?
Polynomial model 0.9513 | 0.0289 | 2.3458¢-005 | 0.0048 | 54271 | 0.9902
Exponential model 0.9943 | 0.0053 | 9.7351e-006 | 0.0031 | 0.7235 | 0.9932
Between the two models | 0.9771 | 0.0044 | 2.3697¢-004 | 0.0154 | 0.5230 | 0.9533

On the fig. 10 was shown the model validation by comparing the experimental and pre-
dicted values of pozzolana moisture contents. The residuals analysis allowed to obtain the statis-
tical parameters values on goodness of fit y° ... MBE, MSE, RMSE, MAPE, and R*that were,
respectively, of 2.5339¢-04, 7.0316e-006, 3.2434e-006, 0.0018, 0.45%, and 0.9991. Indeed,
high-test value of R* and lowest values of y° ;... MBE, MSE, RMSE, and MAPE were observed.
Hence, model showed the good agreement with the moisture content experimental values.

The new exponential model of pozzolana drying rate was at last expressed by eq. (15):

3
dN :_16'62'6)(1{_0.067_2.28.10 , 189 J as)
s T, €

90 pe-emee- [ §TTTTTTTT e e e ] 0.168-------- P 2 Sttt
: : : : : : : : H H H + Experimental (70 °C) |

O Experimental (60 °C) |
«  Experimental (50 °C) |
: : ; -~ Predicted (70 °C)
(SR 2 U, [ PR S —— Predicted (60 °C)
4 : : : —— Predicted (50 °C)

1] S ; :
--+- Polynomial model | ; ;
- New model : :

[ Ik N S L AR S

60 : : : : :

H : : : H : : 010 f------
a0 f---
008l
a0 f--- .

: : .06 - i
30 p---m-ee- [RRREEEEE e- :

f(Ns) function [kg kg~'h™", dry basis]

20 ] I ST e

Pozzolana drying rate [kg kg~'h~", dry basis]
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Figure 9. Polynomial vs. exponential forms of Figure 10. Predicted pozzolana moisture content

f(Ny) function with moisture content vs. experimental values on the drying time
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Conclusions

In this study, a new model of pozzolana drying rate were established at different tem-
peratures. Normality and homoscedasticity hypotheses into the experimental data set and predicted
values were verified by using the two-way ANOVA method. The independence hypothesis among
the temperature and moisture content was justified. Obtained parameters values of @, o, and b to the
exponential model for f{V) function were, respectively, ranged from 0.0596 to 0.0765, 87.2040 to
122.3028, and 4.5 to 4.8. The f{V5) function was always converged for any moisture content values.
Moreover, residual analysis of f{/Ng) exponential model were revealed a good agreement in which
Xredueets MBE, MSE, RMSE, MAPE, and R* values were, respectively, equal to 0.9943, 0.0053,
0.0031, 0.72%, and 0.9932 by validation with polynomial model and experimental values. A com-
parison of moisture contents among experimental values and those obtained about the Runge-Kutta
4 method was likely presented the goodness of fit wherein corresponding value to the R, was of

0.9991, although ¥° ;..o RMSE and MAPE were, respectively, of 0.0003, 0.0018, and 0.45%. The
new model of pozzolana drying rate was shown the good agreement with the experimental data.
Nomenclature
a — exponential model N — total number of data points, [—]
coefficient, [kgkg!, dry basis] Ny — moisture content, [kgkg™, dry basis]
b — exponential model parameter R — coefficient of determination, [—]
as (= log a), [-] T, — superficial temperature of product, [K]
D — quadratic errors between model t — drying time, [h]
and experimental values [—]. V — air-flow velocity, [ms™]
dN/dt — product drying rate, [kgkg'h™!, dry basis] Vs — drying rate absolute
e — product or sample thickness, [cm] value, [kgkg'h!, dry basis]
f(Ng) — function introducing the moisture z — number of estimate parameters, [—]
content influence on the drying rate
model, [kgkg'h™!, dry basis] Greek symbol
m — coefficient introducing other parameters a — exponential model
influences than the product moisture parameter, [kgkg 'h™!, dry basis]
content, [—]
References

[1] Ramamonjisoa, B. O., Development of Interactive Software for the Dimensionality and the Energizing
Diagnosis of Driers at Partially Solar Heating (in French), Ph. D. thesis, University of Antananarivo, An-
tananarivo, Madagascar, 1997

[2] Idlimam, A., et al. Experimental Study for Peel of Grenadine Drying Kinetics (in French), Review of the
Renewable Energy, CER’07, Oujda, 7 (2007), 237, pp. 237-240

[3] Khedhari, J., et al., Experimental Determination of Food Product Commodities Drying Rate (in French),
General Review of COMPLES, International Symposium Act, Perpignan, France, 1994

[4] Alidina, M. E., Feasibility Technico-Economic of a Hybrid Drier Achieved from One Metallic Hangar,
Application to the Paddy Drying, Thesis, University of Perpignan, Perpignan, France, 1991

[5] Sarr, J., et al., Experimental Study of Fish Drying Curves, Journal of Sciences, 3 (2003), 1, pp. 1-9

[6] Schuk, P., ef al., Drying of Lacto-Serums and Derivative: Role of the Lactose and the Water Dynamics,
Review of Milk -INRA EDP Sciences, 84 (2004), Mar., pp. 243-268

[7] Tagne, M. S., et al., Modeling and Numerical Simulation on the Drying of Ayous Woods and Ebony, Ex-
perimental Validation, Review of the Renewable Energy, 13 (2010), 1, pp. 13-24

[8] Darvishi, H., et al., Mathematical Modeling of Thin-Layer Drying of Shrimp, Global Journal of Science
Frontier Research Mathematics & Decision Sciences, 12 (2012), 3, pp. 83-89

[9] Andriazafimahazo, L. F. G., et. al., Modeling of Corn Drying Rate (in French), Africa Science, 5 (2009),
2, pp.173-183

[10] Rakotondramiarana, H. T., Theoretical Study of Thermal Drying and Digestion Anaerobe of Sludge, in:
The Purification Stations, Adjustment of Laboratory Device Pilots for Linked Experimental Character-
ization to the Drying and the Sludge Methanization (in French), Thesis, University of Antananarivo,
Antananarivo, Madagascar, 2004



Randriamilantoniaina, Y. O., et al.: Modeling of Drying Rate of Non-Hygroscopic Products ...

1048 THERMAL SCIENCE: Year 2018, Vol. 22, No. 2, pp. 1037-1048

(11]

Lahmari, N., ef al., Drying Method Influence on Dried Tomatoes Quality (Zahra Variety), Review of the
Renewable Energy, 15 (2012), 2, pp. 285-295

Henderson, S. M., A Basic Concept of Equilibrium Moisture, Agric. Eng, 1 (1952), 33, pp.29-32
Lambert, P., et al., The Pozzolana in Technical Road (in French), Bull. Link Labo. P and Ch, Clermont
-Ferrand, France, 64 (1973), 1277, pp. 63-75

Benkaddour, M., et al., Durability of the Mortars to Basis of Natural and Artificial Pozzolana, Review
Nature and Technology, 1 (2009), 1, pp. 63-73

Thikare, N. B., et al., Experimental Study of Fly Ash Mortar, International Journal of Modern Trends in
Engineering and Research (1.J.M.T.E.R.), 2 (2015), 2, pp. 94-98

Bottini, M., Modeling of Thermo-Hydration for Drying and Concrete Shrinkage (in French), in: Mod-
elings for the Civil Genius and the Geomaterials, (Ed. Code Aster), Reference manual Fascicle 17.01,
Revision: 10084, EDF R&D, Palaisean, France, 2012, pp. 1-15

Billong, N. et al., Physicochemical Characteristics of some Cameroonian Pozzolana for Use in Sustain-
able Cement Like Materials, Materials Sciences and Applications, 4 (2013), Oct., pp.14-21
Ramamonyjisoa, B. O., Contribution to the Driers Development of Heating Partially Solar to La Réunion:
Device Adjustement for the Drying Rate Measurement in Thin Layer and Dimensionality Abacuses Cal-
culation Code (in French), Ph. D. thesis, La Réunion University, Reinion, France, 1993

Da Silva, E. C., Methods and Numerical Analysis (in French), School of Engineer—Institute Polytechnic
of Grenoble, Grenoble, France, 2007, pp. 1-99

Makowski, D., Evaluation of Model Parameters: General Principles (in French), Proceedings, INRA
ACTA ICTA formation, U.M.R.A., La Rochelle, France, 2005, pp. 1-52

Gros, P., Use of Linear Model, Basis Reminder-Validation Models (in French), in: Fremr Coast Labora-
tories, (Ed. P. Gros), Brest Center, Brest, France, 2000, pp. 1-155

Ostertagova, E., Ostertag, O., Methodology and Application of One-way ANOVA, American Journal of
Mechanical Engineering, 7 (2013), 1, pp. 256-261

Balbay, A., et al., Modeling of Convective Drying Kinetics of Pistachio Kernels in a Fixed Bed Drying
System, Thermal Science, 17 (2013), 3, pp. 839-846

Luo, D., et al., Modeling of Efficient Hot Air Drying of Apple Snails (Pomacea canaliculata) for Use as a
Fishmeal Protein Substitute, Adv. J. Food Sci. Technol, 3 (2015), 8, pp. 193-201

Taylor, J. R., An Introduction to Error Analysis, University Science Books, Mill Valley, Cal., USA, 1997
Chougquet, C., Linear Models (in French), in: Probability and Statistics Laboratory IMAT, (Ed. P. Sabati-
er), Toulouse University, Toulouse, France, 2010, pp. 1-50

Bessonneau, P., et al., Two-Way ANOVA (in French), in: Biostatistics and Applied Statistics in Experimen-
tal Sciences, (Ed. Cogmaster A4), France, 2007, pp. 1-16

Williams, J. M., Degrees of Freedom: A Correction to Chi Square for Physical Hypotheses, in: Chi Square
dfv. 1.23, (Ed. J. M. Williams), Redwood City, Cal., USA, 2010, pp. 1-47

Wyllys, R. E., ANOVA: Analysis of Variance, in: Mathematical Notes for LIS 397.1, (Ed. Research in
Library and Information Science), U.T.A.S.I., Austin, Tex., USA, 2003, pp. 1-10

Chai, T., Draxler, R. R., Root Mean Square Error (RMSE) or Mean Absolute Error (MAE), Geosci. Model
Dev, 7 (2014), 3, pp. 1247-1250

Shcherbakov, M. V., et al., A Survey of Forecast Error Measures, World Applied Sciences Journal (1.T.M.
LE.S.), 24 (2013), 28, pp. 171-176

Andrea, R., et al., Dos and Don’ts of Reduced Chi-Squared, in: Astro-ph.IM, (Ed. ArXiVe-prints:
1012.3754v1), Heidelberg, Germany, 2010, pp. 1-12

Polat, K., Kirmaci V., A Novel Data Preprocessing Method for the Modeling and Prediction of Freeze-Dry-
ing Behavior of Apples: Multiple Output-Dependent Data Scaling (MODDS), Drying Technology: An
International Journal, 30 (2012), 2, pp. 185-196

Jarque, C. M., Bera, A. K., Efficient Tests for Normality, Homoscedasticity and Serial Independence of
Regression Residuals, Economics Letters, 6 (1980), 3, pp. 255-259

Laub, C,, et al., How Bad is Good?, in: 4 Critical Look at the Fitting of Reflectivity Models using the
Reduced Chi-Square Statistic, (Ed. Davis), D.C.E.M.S., Cal. Univ., Oukland, Cal., USA, 2015, pp. 1-11

Paper submitted: February 23, 2016 © 2018 Society of Thermal Engineers of Serbia
Paper revised: June 14, 2016 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: July 25, 2016 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions





