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 This study focused on the thin-layer drying of yam by infrared-assisted 
heat pump drying to determine the thin-layer drying model, the effec-
tive moisture diffusivity, and the activation energy of moisture within 
the yam. The thin-layer drying experiment was conducted with input 
drying parameters such as drying temperatures of 40, 45, and 50°C,  
drying air velocity of 2.5 m·s⁻¹, and infrared power of 250, 300, and  
350 W. In order to determine a suitable thin-layer drying model for  
describing the yam drying process, six different thin-layer drying mod-
els (Lewis, Page, Modified Page, Henderson and Pabis, Wang and 
Singh, and Midilli) were chosen for nonlinear regression with the ex-
perimental drying data. The Midilli model was found to be the most 
suitable drying model for describing the thin-layer drying of yam. The 
average effective moisture diffusivity was in the range of 4.184×10⁻⁹ to 
8.142×10⁻⁹ m²·s⁻¹, and the activation energy was in the range of 16.78 
to 21.01 kJ·mol⁻¹ over the proposed range of drying input parameters 
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Introduction 
Yam is one of the most popular agricultural products in many tropical countries such as 

Burkina Faso, Ghana, Togo, Nigeria, and Vietnam. There are more than 600 different types 
of yam, among which purple yam, yellow yam, and water yam are widely used for food 
purposes (Olatoye and Arueya, 2019). Yam contains many nutrients including starch, pro-
teins, lipids, minerals, vitamin C, and carbohydrates, which are beneficial to human health 
(Kai-Nong et al., 2019; Kartik et al., 2023). Fresh yam has a high moisture content in the 
range of 50–80% (w.b.), which stimulates bacterial activity. Thus, fresh yam spoils easily 
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after harvest, and it is also difficult to preserve fresh yam with high moisture content for  
a long period (Linlin et al., 2019; Nurdi et al., 2021; Ononogbo et al., 2022).  

Drying has been an effective method of preserving agricultural products because the dry-
ing process reduces the moisture content of agricultural products to a required level and ex-
tends the preservation period of the dried products (Abbaspour et al., 2019; Srikanth et al., 
2019). Dried yam can be preserved for a long time and used for food processing and starch 
extraction (Srikanth et al., 2019). Three heat transfer methods, including convection, conduc-
tion, and radiation, are applied during the drying process (Liu et al., 2019). Currently, com-
mon drying methods include sun drying, heat pump drying, convective hot air drying, vac-
uum drying, microwave drying, infrared (IR) drying, and hybrid drying (Kaveh et al., 2018). 
Hot air drying is widely used because of its high drying rate, low equipment cost, and ease 
of operation. However, high drying temperatures can significantly affect the quality of dried 
products (Omari et al., 2018). With its low humidity and low air temperature, heat pump 
drying can maintain the quality of dried products and shorten the process (Fakhreddin, 2021).  

In drying techniques using infrared radiation, the IR heating mechanism can enhance the 
heating rate to reduce drying time and improve the quality of dried products (Fakhreddin et 
al., 2020; Rastogi et al., 2012; Kien et al., 2024). In IR heating, the drying material is directly 
affected by electromagnetic radiation through infrared emission, which causes the molecules 
within the material to vibrate at high frequency. As a result, internal heat is generated within 
the material due to molecular friction, significantly supporting the heating rate (Fasina et al., 
2001; Salam, 2019; Zi et al., 2022; Dan et al., 2021). Hybrid drying, which combines IR with 
other drying methods such as hot air or heat pump drying, has proven to be an effective 
method for drying agricultural products, improving both drying rate and the quality of dried 
products (Onwude et al., 2019; Qu et al., 2019; Wu et al., 2019). 

There have been previous studies on yam drying to evaluate the efficiency of various 
methods, especially in terms of drying rate, drying time, nutritional content, color, and sur-
face quality of the dried products (Chineze et al., 2020; Adebimpe et al., 2021; Nurdi et al., 
2021; Ononogbo et al., 2022). The results showed that input drying parameters, including 
drying temperature, air velocity, and drying method, primarily determined the effectiveness 
of the yam drying process. 

The drying process consists of two main stages: the constant rate period and the falling 
rate period (Nidhal, 2018). During the constant rate period, the drying rate remains almost 
constant at a high level. Moreover, the temperature of the drying material increases slowly 
because most of the supplied heat is used for vaporization. The falling rate period begins 
when the moisture content reaches the critical level. In this stage, the drying rate is lower and 
continues to decrease until the moisture content reaches equilibrium. At this point, the drying 
process ends. The drying process involves a complex mechanism of simultaneous heat and 
mass transfer (Uwem et al., 2009; Waheed and Komolafe, 2019; Le et al., 2023). 

Previous studies on experimental thin-layer drying have aimed to determine the effective 
moisture diffusivity and activation energy of moisture within the drying material. Waheed 
and Komolafe (2019) studied the drying kinetics of cocoa beans at temperatures of 40, 50, 
and 60°C. The effective moisture diffusivity of cocoa beans ranged from 9.9269×10⁻¹¹ to 
4.4671×10⁻¹⁰ m²·s⁻¹, and the activation energy was 23.61 kJ·mol⁻¹. Abhishek et al. (2019) 
conducted experimental thin-layer drying of radish using a convective hot air drying method 
at temperatures of 30, 40, and 50°C. The results showed that the effective moisture diffusivity 
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increased from 3.3×10⁻⁸ to 5.55×10⁻⁸ m² min⁻¹ with increasing temperature, and the activa-
tion energy was 18.49 kJ·mol⁻¹. 

Abhishek et al. (2020) conducted experimental thin-layer drying of beetroot using a con-
vective hot air drying method at temperatures of 70, 75, 80, and 85°C. An increase in tem-
perature led to higher moisture diffusivity values: 3.11×10⁻⁸, 3.89×10⁻⁸, 4.03×10⁻⁸, and 
5.48×10⁻⁸ m²·min⁻¹, respectively, and the activation energy was 35.59 kJ·mol⁻¹. Soner et al. 
(2020) studied the drying kinetics of apple using convective hot air, microwave, and ultra-
sonic power. The results confirmed that effective moisture diffusivity increased significantly 
in hybrid drying methods. At 50°C, convective hot air drying resulted in a diffusivity of 
3.115×10⁻¹⁰ m²·s⁻¹, while microwave-assisted drying at 120, 350, and 600 W resulted in dif-
fusivity values of 3.451×10⁻¹⁰, 5.489×10⁻¹⁰, and 9.765×10⁻¹⁰ m²·s⁻¹, respectively. Ultrasonic-
assisted drying at 50 and 100 W gave values of 3.845×10⁻¹⁰ and 6.753×10⁻¹⁰ m²·s⁻¹. 

John et al. (2020) conducted thin-layer drying of yam slices using a convective hot air 
dryer. The activation energy ranged from 10.59 to 54.93 kJ·mol⁻¹, while the effective mois-
ture diffusivity increased from 6.382×10⁻⁹ to 1.641×10⁻⁷ m²·s⁻¹ with rising temperature and 
air velocity. Mostafa et al. (2020) performed experimental thin-layer drying of yams with  
a hot air dryer at 50, 60, 70, and 80°C and an air velocity of 1.5 m·s⁻¹. The results showed 
that increasing temperature enhanced the drying rate, and effective moisture diffusivity rose 
from 2.01×10⁻¹⁰ to 4.25×10⁻¹⁰ m²·s⁻¹. The drying process occurred entirely in the falling rate 
period. Egbe (2022) studied the drying kinetics of yam slices at 60, 70, and 80°C using con-
vective hot air. The results confirmed that drying temperature significantly affected the dry-
ing rate. 

Studying the drying kinetics of thin-layer drying is essential because it clarifies the nature 
of the process and provides a foundation for improving drying efficiency. Although there 
have been studies on yam thin-layer drying kinetics, few have investigated the IR-assisted 
heat pump drying method, which is considered effective for drying agricultural products. The 
objective of this study was to conduct experimental thin-layer drying of yam slices using an 
IR-assisted heat pump drying method to determine the most appropriate drying model, the 
effective moisture diffusivity, and the activation energy of moisture during the drying pro-
cess. 

Materials and Methods 

Material 

Yam samples used for the thin-layer drying experiment were purple yam. Fresh yam was 
purchased at Binh Dien Agricultural Market, Ho Chi Minh City, Vietnam. The yam was 
peeled and sliced to a thickness of 2.5 mm, with an average diameter of 150 mm. Fresh yam 
had an initial moisture content of 2.82 ± 0.01% (d.b.). Each experimental drying batch used 
1,000 g of yam.  
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Figure 1. Fresh sliced purple yam samples 

Experimental Methods  

The IR-assisted HP dryer used for the drying experiment is shown in Figure 2 (Kien et 
al., 2024). The main components of the dryer included a heat pump with a maximum capacity 
of 0.75 kW, and infrared tubes operating at 50 Hz, with power settings of 250, 300, and 350 
W (Onwude et al., 2019; Kien et al., 2024). The working principle of the IR-assisted HP 
dryer is illustrated in Figure 2. Specifically, drying air was drawn in and circulated through 
the heat pump unit. The air passed sequentially through the compressor, condenser, expan-
sion valve, and evaporator, reaching the specified temperature, velocity, and humidity before 
entering the drying chamber. Inside the chamber, infrared radiation combined with the drying 
air to carry out the drying process. 

As noted in previous studies (Le et al., 2023; Kien et al., 2024), experimental IR-assisted 
HP drying modes for yam were selected within a drying air temperature range of 40-50°C 
and IR power between 200-350 W. Within these parameter ranges, drying efficiency was 
significantly improved, with both increased drying rate and enhanced product quality. There-
fore, to investigate the kinetics of the thin-layer IR-assisted HP drying process for yam in 
more detail, the experiments in this study were conducted under the following input condi-
tions: drying air temperatures of 40, 45, and 50°C; air velocity of 2.5 m·s⁻¹; and IR power of 
250, 300, and 350 W. 

The initial moisture content of the yam samples was determined using a moisture analyzer 
(YOKE DSH-50A-1), with a maximum sample weight of 50 g ± 0.01% and a moisture range 
of 0-100%. 

An electronic scale (OHAUS SPX2202), with a measurement range of 2,200 g ± 0.01 g, 
was used to weigh the yam samples during the drying process. The weight was recorded 
every 15 minutes until the samples reached a final moisture content of 0.13 ± 0.01 (d.b.), and 
all tests were conducted in triplicate.  
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Figure 2. The IR assisted HP dryer model:  

Components: 1. Compressor; 2. Condenser; 3. Sub-Condenser 4. Evaporator; 5. Controller 
unit; 6. Thermistors; 7. air pump; 8. Electronic scale; 9. infrared tubes; 10. Drying tray;  
11. Yam sample; 12. Drying chamber; 13. Air pipe 

Mathematical Modeling 

Thin layer drying model chosen for nonlinear regression with the experimental drying 
data are given in Table 1 (Royen et al., 2020; Akoy, 2014; Behera et al., 2018; Keneni et al., 
2019; Koua et al., 2009; Midilli and Kucuk, 2003). 

Moisture content of the drying material was calculated on dry basis (d.b) and the time is 
calculated in seconds. Moisture ratio (MR) was defined by the equation below: 

 MR =  𝑀𝑀− 𝑀𝑀𝑒𝑒
𝑀𝑀𝑖𝑖−𝑀𝑀𝑒𝑒

 (1) 
where:  
 M (d.b)  is moisture content of drying material at the time τ;  
 Me (d.b) is equilibrium moisture content of drying material;  
 Mi (d.b) is initial moisture content of drying material. 
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Table 1.  
Selected thin-layer drying models. 

Model name Thin layer drying model References 
Lewis MR = exp(-k.t) Royen et al. (2020) 
Page MR = exp(-k.tn) Akoy (2014) 
Modified Page MR = exp(-k. τ)n Behera et al. (2018) 
Henderson and Pabis MR = a.exp(-k. τ) Keneni et al. (2019) 
Wang and Singh MR = 1 + a. τ + b. τ 2 Koua et al. (2009) 
Midilli MR = a.exp(-k. τ n) + b. τ Midilli and Kucuk (2003) 

*MR is Moisture ratio; τ is drying time; a, b, k, and n are coefficients 

The equilibrium moisture content in the material (Me) was defined by the equation below 
(Adesola and Satimehin, 2014, Kien et al., 2024): 

 𝑀𝑀𝑒𝑒 = �– 1
0.1560

� 𝑙𝑙𝑙𝑙 �– (𝑡𝑡𝑎𝑎−7.3988)
190.44

𝑙𝑙𝑙𝑙(𝑅𝑅𝐻𝐻/100)� (2) 
where:  
 𝑡𝑡𝑎𝑎 (oC) is drying air temperature;  
 RH (%) is drying air humidity. 
 

Drying rate (DR) is determined by the equation below: 

 DR =  
𝑀𝑀𝜏𝜏− 𝑀𝑀(𝜏𝜏+𝑑𝑑𝑑𝑑)

𝑑𝑑𝑑𝑑
 (3) 

where:  
 M(τ+dτ) (d.b) is moisture content at time ‘‘τ + dτ”, 
 Mτ (d.b) is moisture content at time ‘‘τ”  
 dτ  is the time difference. 

 
The experimental data of MR versus τ was used for nonlinear regression analysis corre-

sponding to the thin layer drying models chosen by SPSS Statistics V22.0 software, 2022 
(see Table 1). 

The three output parameters of nonlinear regression including Standard Error of Estimate 
(SEE), Residual Sum of Squares (RSS) and the quadratic regression coefficient (R2) were 
applied to determine the quality of fit to experimental data. The better goodness-of-fit has 
been achieved with the higher value of R2 and the lower value of SEE and RSS. 

The output parameters of nonlinear regression as SEE and RSS are defined as below: 

 SEE = �∑ (𝑀𝑀−𝑀𝑀𝑆𝑆)2𝑛𝑛
𝑖𝑖=1

𝑑𝑑𝑑𝑑
  (4) 

 RSS = ∑ (𝑀𝑀 −𝑀𝑀𝑆𝑆)2𝑛𝑛
𝑖𝑖−1  (5)  

where:  
 Ms  is the simulated value of M,  
 df  is the degree of freedom  
 n  is the number of data points. 
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Determination of Effective Moisture Diffusivity and Activation Energy 

Moisture diffusion within the material is a drying kinetic parameter that determines the 
rate of moisture transfer from inside of the material to the surface (Beigi, 2016). One dimen-
sional diffusion is assumed and Fick’s diffusion equation is used for the analyzation of the 
only diffusion based thin layer drying equation (Demiray and Tulek, 2012). 

The assumptions used for the analytical solution of effective moisture diffusivity model 
are as follows: 
– Initial moisture content is uniformly distributed within the material, 
– Mass transfer is symmetrical to the center of the slab, 
– The moisture content at the surface of the material reaches the equilibrium moisture con-

tent instantaneously at the beginning of the drying process, 
– Mass transfer is based on diffuse mechanism, 
– The diffusion coefficient is constant, 
– The shrinkage of material is negligible 

 
Based on the assumptions above, equation (6) is derived from the theoretical model for 

defining diffusivity for slab geometry (Alibas, 2014). 

 LnMR =  𝐿𝐿𝐿𝐿 8
𝜋𝜋2

 −  �𝜋𝜋
2𝐷𝐷eff
4.𝐿𝐿2

� . 𝜏𝜏 (6) 
where:  
 Deff  is effective moisture diffusivity within material, (m2·s-1)  
 L  is the half of slab thickness, (m)  
 τ  is the drying time, (s) 

 
The plot of LnMR versus τ forms a straight line and the effective diffusivity (Deff) is 

determined based on its slope (X1) as below:  

 𝑋𝑋1 =  −𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒 �
𝜋𝜋
2𝐿𝐿
�
2
 (7) 

 
Activation energy is determined based on Arrhenius equation as below: 

 𝐷𝐷eff =  𝐷𝐷0𝑒𝑒
�− 𝐸𝐸𝑎𝑎

𝑅𝑅𝑇𝑇𝑎𝑎
� (8) 

where:  
 Do (m2·s-1) is the diffusivity constant,  
 Ta (K)  is the absolute drying air temperature,  
 Ea (kJ mol-1) is the activation energy  
 R is the universal gas constant (R = 8.3143 kJ·mol-1 K-1). 

 
Next, log natural is taken to equation (8) to obtain equation (9). 

 LnD𝑒𝑒𝑒𝑒𝑒𝑒 =  �− 𝐸𝐸𝑎𝑎
𝑅𝑅
� 1
𝑇𝑇𝑎𝑎

+ 𝐿𝐿𝐿𝐿𝐿𝐿0  (9) 
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Equation (9) is then solved to define the activation energy. In it, the plot of LnDeff versus 
1/Ta forms a straight line with slope (X2). The activation energy is determined by equation 
(10). 

 𝑋𝑋2 = − 𝐸𝐸𝑎𝑎
𝑅𝑅𝑇𝑇𝑎𝑎

 (10) 

Results and Discussion 

Dehydration Kinetics of Thin Layer Drying of Yam Process 

In thin-layer drying of yam slices by the IR-assisted heat pump drying process, the change 
in moisture ratio (MR) versus drying time (τ) during the drying process is presented graph-
ically in Figure 3. Figure 3 shows that the change in moisture ratio during the drying process, 
corresponding to all drying modes, tended to be similar. The increase in temperature and IR 
power accelerated moisture removal. As a result, drying time was shortened. 

At the same temperature, the drying time was shorter at higher IR power. At a drying 
temperature of 50°C and IR power of 350 W, drying time was the shortest, reduced by 28% 
and 41% compared to IR power levels of 300 W and 250 W, respectively. Likewise, at tem-
peratures of 40°C and 45°C, the drying time at higher IR power was shorter than at lower IR 
power. At a drying temperature of 45°C and IR power of 350 W, drying time was reduced 
by 25% and 36% compared to 300 W and 250 W, respectively. At 40°C and 350 W, drying 
time was reduced by 18% and 30% compared to 300 W and 250 W, respectively. 

This can be explained by the IR heating mechanism, in which infrared electromagnetic 
radiation causes molecules within the material to vibrate at high frequency. This vibration 
leads to friction between the molecules, generating internal heat within the material (Fasina 
et al., 2001; Dan et al., 2021). As a result, the heating rate increases, enhancing moisture 
diffusion within the material, reducing the moisture ratio, and shortening the drying time 
(Onwude et al., 2019; Qu et al., 2019; Wu et al., 2019; Kien et al., 2024). 

The plot of the drying rate (DR) versus moisture content is presented graphically in Figure 
4. As shown in Figure 4, the drying rate was higher at higher moisture content of the drying 
material. This occurred during the initial stage of the drying process. Then, the drying rate 
gradually decreased as the moisture content of the material decreased. The drying rate con-
tinued to decline until the material's moisture content reached the equilibrium moisture value. 
At that point, the moisture content no longer decreased, or decreased only slightly and insig-
nificantly. At this stage, the thin-layer drying process was considered complete. 

Higher drying temperature and higher IR power significantly improved the drying rate 
compared to lower temperature and lower IR power. The characteristics of the drying rate 
versus moisture content observed in this experimental drying process were consistent with 
previous studies (Manuel et al., 2019; Le et al., 2022). 
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  Figure 3. MR versus drying time at IR power of 350 W (A), 300 W (B) and 250 W (C) 

The process of thin-layer drying of yam slices by IR-assisted heat pump appeared to occur 
exclusively in the falling-rate period, while the constant-rate period was rarely observed or 
was very difficult to detect in the thin-layer drying process. This was likely due to the ex-
tremely rapid removal of surface moisture from the yam slices (Correia et al., 2015; Abhishek 
et al., 2019; Le et al., 2022). 
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Figure 4. Drying rate versus moisture content at IR power of 350 W (A), 300 W (B) and 250 
W (C) 

The Statistical Evaluation of the Experimental Data For Determining the Best Fit Drying 
Model 

The nonlinear regression analysis using SPSS Statistics software was conducted to deter-
mine the quality of fit to the experimental data (MR versus τ) according to the selected thin-
layer drying models (see Table 1). The results for three statistical parameters are presented 
in Table 2. As shown in Table 2, the statistical parameters SEE and RSS had the lowest 
values, while R² had the highest value for the Midilli model across all drying modes. This 
result indicates that the Midilli model provided the best fit to the experimental thin-layer 
drying data. 
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Table 2.  
Statistical parameters value of nonlinear regression analysis. 

Models Temperature 
(oC) 

IR power of 250 W IR power of 300 W IR power of 350 W 
R2 RSS SEE R2 RSS SEE R2 RSS SEE 

Lewis 
40 0.993 0.011 0.024 0.998 0.003 0.014 0.998 0.002 0.012 
45 0.996 0.006 0.018 0.998 0.003 0.014 0.999 0.001 0.011 
50 0.995 0.007 0.020 0.996 0.005 0.019 0.997 0.003 0.017 

Page 
40 0.994 0.010 0.023 0.998 0.003 0.014 0.999 0.001 0.008 
45 0.996 0.006 0.019 0.998 0.003 0.014 0.999 0.001 0.010 
50 0.996 0.005 0.018 0.9967 0.003 0.015 0.998 0.002 0.015 

Modified Page 
40 0.993 0.011 0.024 0.998 0.003 0.015 0.998 0.002 0.013 
45 0.996 0.006 0.019 0.998 0.003 0.014 0.999 0.001 0.011 
50 0.995 0.007 0.021 0.996 0.005 0.019 0.992 0.121 0.116 

Henderson  
and Pabis 

40 0.993 0.011 0.024 0.998 0.003 0.015 0.999 0.002 0.012 
45 0.996 0.006 0.019 0.998 0.003 0.014 0.999 0.001 0.011 
50 0.996 0.006 0.019 0.997 0.004 0.017 0.997 0.003 0.017 

Wang and Singh 
40 0.987 0.022 0.034 0.984 0.023 0.038 0.988 0.015 0.034 
45 0.979 0.033 0.043 0.975 0.033 0.047 0.974 0.028 0.051 
50 0.965 0.048 0.055 0.964 0.042 0.057 0.968 0.030 0.057 

Midilli 
40 0.999 0.001 0.006 0.999 0.0005 0.006 0.999 0.0004 0.006 
45 0.999 0.001 0.007 0.999 0.001 0.007 0.999 0.0003 0.006 
50 0.999 0.0005 0.006 0.999 0.0003 0.005 0.999 0.0003 0.006 

Effective Moisture Diffusivity and Activation Energy 

The value of effective moisture diffusivity (Deff) and activation energy (Ea) were defined 
based on the slope of equation (7), and equation (10). They are given in Table 4.  

Table 4.  
Values of effective moisture diffusivity and activation energy 

Specification ` Temperature (oC) 
IR power (W) 

250 300 350 

Effective moisture diffusivity  
(×10-9 m2·s-1) ** 

40 4.184 5.051 6.669 
45 4.750 5.656 7.381 
50 5.372 6.313 8.142 

Activation energy (kJ·mol-1)  21.01 18.75 16.78 
** Significant at the 0.001 probability level (p < 0.001) 

 



Le Anh Duc et al.  
 

 
 

 

74 

In this study, ANOVA (Analysis of Variance) was used to compare the means of data. 
The P-value is based on F-distribution and represents the probability of observing the differ-
ence in theory and experiment. In the analysis, the effective moisture diffusivity was signif-
icant at the 0.001 probability level (p < 0.001), which indicates a very high level of statistical 
significance. This means there is less than a 0.1% chance that the observed results occurred 
purely by random variation. 

As shown in Table 4, the effective moisture diffusivity of yam increased with rising dry-
ing temperature and IR power. This can be explained by the fact that increasing drying tem-
perature and IR power enhanced heat exchange between the drying material and the drying 
air. At the same time, the internal heat generated by the IR heating mechanism also increased, 
thereby supporting the process of moisture diffusion within the yam. The effective moisture 
diffusivity of yam ranged from 4.184 × 10-⁹ to 8.142 × 10-⁹ m²·s⁻¹, corresponding to drying 
temperatures from 40 to 50°C and IR power levels from 250 to 350 W. This result is con-
sistent with previous studies on moisture diffusivity values for foods and vegetables 
(Bhattacharya et al., 2015; Motevali et al., 2016; Abhishek et al., 2019; Abhishek et al., 2020; 
Soner et al., 2020; Le et al., 2022). 

The activation energy of moisture within yam was lower at higher IR power. The activa-
tion energy values were 16.78, 18.75, and 21.01 kJ·mol-1, corresponding to IR power levels 
of 250, 300, and 350 W, respectively. These values are consistent with previous studies on 
activation energy in food and vegetable drying (Bhattacharya et al., 2015; Motevali et al., 
2016; Abhishek et al., 2019; Abhishek et al., 2020; Soner et al., 2020; Le et al., 2022). 

The influence of IR power on activation energy is based on the IR heating mechanism. 
As the material absorbs more IR radiation, greater internal heat is generated. At that point, 
the water molecules within the material vibrate more rapidly, causing the bonds between 
them to weaken and become more easily broken. 

The values of effective moisture diffusivity were fitted to the Arrhenius equation as a 
function of temperature, and the corresponding effective moisture diffusivity models for yam 
are presented in Table 5. 

Table 5.  
Effective moisture diffusivity model under different drying models. 

IR power 
(W) 

The effective moisture diffusivity model 
Deff (m2·s-1) 

250 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒 =  1.342 × 10−5 × 𝐸𝐸𝐸𝐸𝐸𝐸 �−
2527

(𝑡𝑡𝑎𝑎 + 273.2)� 

300 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒 =  6.795 × 10−6 × 𝐸𝐸𝐸𝐸𝐸𝐸 �−
2255

(𝑡𝑡𝑎𝑎 + 273.2)� 

350 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒 =  4.208 × 10−6 × 𝐸𝐸𝐸𝐸𝐸𝐸 �−
2018

(𝑡𝑡𝑎𝑎 + 273.2)� 

where: ta (oC) is the drying temperature 
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Conclusion 
1. The experimental thin-layer drying of yam slices by IR-assisted heat pump drying was 

conducted to define the dehydration kinetics of the thin-layer drying process. The results 
confirmed that increasing the drying temperature and IR power could significantly en-
hance the drying rate and reduce the moisture ratio. 

2. The experimental drying data showed that the thin-layer drying process of yam slices 
using IR-assisted heat pump drying appeared to occur exclusively in the falling-rate pe-
riod. The Midilli model was found to be the most suitable for describing the thin-layer 
drying behavior of yam. 

3. The effective moisture diffusivity and the activation energy of moisture within yam were 
determined under different drying modes. The effective moisture diffusivity was higher 
at elevated drying temperatures and higher IR power. It ranged from 4.184×10⁻⁹ to  
8.142×10⁻⁹ m²·s⁻¹, corresponding to drying temperatures from 40 to 50°C and IR power 
levels from 250 to 350 W. The activation energy decreased from 21.01 to 16.78 kJ·mol⁻¹ 
as IR power increased from 250 to 350 W. 

4. In this study, the drying air velocity was fixed, as its influence on the drying process was 
considered minimal. However, to evaluate the impact of this parameter more comprehen-
sively, future studies will vary the drying air velocity within a specified range. 
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MATEMATYCZNY MODEL PROCESU SUSZENIA CIENKOWAR-
STWOWEGO IGNAMU FIOLETOWEGO ZA POMOCĄ POMPY 
CIEPŁA Z PROMIENIOWANIEM PODCZERWONYM 
 
Streszczenie. Celem badania jest opracowanie modelu suszenia cienkowarstwowego ignamu fioleto-
wego za pomocą pompy ciepła z promieniowaniem podczerwonym i określenie efektywnej dyfuzyjno-
ści wilgoci zawartej w fioletowym ignamie oraz energii jej aktywacji. Eksperyment suszenia cienko-
warstwowego przeprowadzono przy następujących parametrach wejściowych: temperatury suszenia: 
40, 45 i 50°C, prędkość powietrza suszącego: 2,5 m·s-1 a moc promieniowania podczerwonego: 250, 
300 i 350 W. Aby określić taki model suszenia cienkowarstwowego, który opisywałby proces suszenia 
ignamu fioletowego przeprowadzono nieliniową regresję danych eksperymentalnych z wykorzysta-
niem sześciu różnych modeli suszenia cienkowarstwowego (Lewis, Page, zmodyfikowany Page, Hen-
derson i Pabis, Wang i Singh oraz Midilli). Najbardziej odpowiednim modelem okazał się model Mi-
dilli. Średnia efektywna dyfuzyjność wilgoci w tym modelu mieściła się w zakresie od 4,184×10-9 do 
8,142×10-9 m²·s-1, natomiast energia aktywacji wynosiła od 16,78 do 21,01 kJ·mol-1 w analizowanym 
zakresie parametrów suszenia. 

Słowa kluczowe: szybkość suszenia, pompa ciepła, efektywna dyfuzyjność wilgoci, energia aktywacji, 
temperatura suszenia, moc promieniowania podczerwonego 
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