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Abstract- Coconut meat residue (sapal) is a by-product of 

coconut processing that contains high moisture content, 

making it susceptible to spoilage and limiting its 

utilization in agricultural and feed-processing 

applications. This study aimed to design, fabricate, and 

evaluate a simulation-assisted small-scale rotary drum 

dryer equipped with internal spiral agitating flights for 

drying coconut sapal. The Discrete Element Method 

(DEM) was employed to analyze particle movement and 

mixing behavior within the rotary drum and support the 

optimization of the dryer design. Experimental testing was 

conducted at rotational speeds of 13, 15, and 17 RPM 

under a drying temperature of approximately 65–70 °C. 

Additional trials were performed using loading capacities 

ranging from 5 kg to 30 kg. Drying performance was 

evaluated in terms of moisture content reduction and 

drying efficiency. The results indicated that both 

rotational speed and loading capacity influenced the 

drying performance of the developed system. Among the 

tested conditions, 17 RPM produced more consistent 

drying behavior and greater moisture reduction. The 

developed rotary drum dryer achieved an average drying 

efficiency of 60%, while the computed dryer efficiency 

reached 75.38%. Furthermore, DEM simulation results 

showed particle movement characteristics that were 

comparable with experimental observations, 

demonstrating the effectiveness of the simulation-assisted 

design approach. The developed rotary drum dryer 

exhibited satisfactory drying performance and shows 

potential for small-scale agricultural and feed-processing 

applications involving coconut meat residue. 

 

Keywords: Coconut Sapal, Rotary Drum Dryer, Drying 

Efficiency, Discrete Element Method, Agricultural By-
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I. INTRODUCTION 

 

The coconut industry is one of the major agricultural 

sectors in the Philippines and generates substantial 

quantities of by-products during the processing of 

coconut-based products such as coconut milk, virgin 

coconut oil, and desiccated coconut [1]. One of the 

most common by-products is coconut meat residue, 

locally known as “sapal”, which remains after the 

extraction of coconut milk or oil from grated coconut 

meat. Although often regarded as a low-value 

residue, sapal contains dietary fiber, carbohydrates, 

protein, and residual oil, making it a potential 

resource for agricultural and feed-processing 

applications [2][3][4]. 

 

The utilization of coconut sapal is often limited by its 

high moisture content, which promotes microbial 

growth, accelerates spoilage, and reduces storage 

stability [3], [5]. Consequently, large quantities of 

sapal are discarded despite their potential economic 

value. Drying is a widely used preservation technique 

that reduces moisture content, improves product 

stability, and extends shelf life [5], [6]. However, 

traditional drying methods are highly dependent on 

weather conditions and may result in inconsistent 

drying performance. 

 

Rotary drum dryers are commonly employed for 

drying particulate agricultural materials because of 

their continuous operation, efficient heat and mass 

transfer characteristics, and effective mixing 

capabilities [7]. The incorporation of internal flights 

enhances particle movement and improves material 

exposure to heated air, thereby promoting more 

uniform drying. Furthermore, advances in 

computational tools such as the Discrete Element 

Method (DEM) provide opportunities to analyze 

particle behavior and optimize equipment 

performance before fabrication [8]. 

 

Despite the increasing application of simulation-

assisted equipment design, limited studies have 

investigated the development of small-scale rotary 

drum dryers specifically intended for drying coconut 

meat residue. Moreover, information regarding the 

effects of rotational speed and loading capacity on 

the drying performance of sapal remains limited. 
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Therefore, this study aimed to design, fabricate, and 

evaluate a simulation-assisted small-scale rotary 

drum dryer equipped with internal spiral agitating 

flights for drying coconut meat residue (sapal). 

Specifically, the study investigated particle 

movement through DEM simulation and evaluated 

the effects of rotational speed and loading capacity 

on moisture reduction and drying efficiency. 

 

II. LITERATURE REVIEW 

 

Rotary Drum Dryers. Rotary drum dryers are among 

the most widely used drying systems for granular and 

particulate materials due to their continuous 

operation, high throughput capacity, and efficient 

heat and mass transfer characteristics [7]. The drying 

process occurs as the rotating drum continuously 

tumbles and transports material while exposing it to a 

heated drying medium. The combined effects of 

particle movement, mixing, and heat transfer 

contribute to moisture removal and product 

stabilization. 

 

Several studies have reported that the performance of 

rotary drum dryers is strongly influenced by drum 

geometry, rotational speed, inclination angle, loading 

capacity, and internal flight configuration [7]. These 

parameters affect particle residence time, material 

distribution, and exposure to heated air, ultimately 

influencing drying efficiency and product quality. 

 

Internal Flights and Particle Cascading Behavior. 

Internal flights are essential components of rotary 

drum dryers because they lift and distribute materials 

within the drum during rotation. As the material is 

elevated by the flights and subsequently released, a 

cascading curtain of particles is formed, increasing 

the contact area between the particles and the drying 

medium. This cascading mechanism enhances heat 

and mass transfer, improves particle dispersion, and 

contributes to more uniform drying performance [30], 

[31], [36]. 

 

Previous studies have shown that flight design 

significantly influences particle residence time, 

material distribution, and mixing behavior within the 

drum [31], [33]. Effective flight configurations 

promote greater particle exposure to the drying 

medium and improve overall dryer efficiency by 

reducing stagnant regions and enhancing particle 

circulation [30], [36]. 

 

Discrete Element Method (DEM) in Rotary Dryer 

Design. The Discrete Element Method (DEM) has 

become an important numerical tool for analyzing 

particle behavior in rotating equipment. DEM 

simulates the motion and interaction of individual 

particles by calculating contact forces, collision 

behavior, and particle trajectories under specified 

operating conditions [29]. 

 

In rotary drum applications, DEM has been widely 

used to investigate particle flow patterns, mixing 

characteristics, residence time distribution, and 

velocity profiles. Researchers have utilized DEM to 

evaluate the effects of rotational speed, drum loading, 

and flight geometry on particle behavior [30], [33]. 

The method provides detailed information regarding 

particle movement that is difficult to obtain through 

direct experimental observation. 

 

Several studies reported that DEM can effectively 

predict cascading, rolling, cataracting, and 

centrifuging particle regimes within rotating drums 

[30], [33]. These particle flow behaviors significantly 

influence material mixing and drying performance. 

Through simulation, engineers can identify operating 

conditions that maximize particle exposure to the 

drying medium while minimizing energy losses and 

material segregation [30]. 

 

DEM-Based Evaluation of Flight Designs. Recent 

research has demonstrated the effectiveness of DEM 

in evaluating and optimizing flight configurations 

before prototype fabrication. Different flight 

geometries have been analyzed using DEM to 

determine their influence on particle lifting behavior, 

mixing intensity, and material redistribution [31]. 

Simulation results showed that properly designed 

flights improve particle dispersion and increase the 

frequency of particle-air contact, thereby enhancing 

drying efficiency [31]. 

 

The integration of DEM into equipment development 

reduces design uncertainty and allows engineers to 

assess multiple design alternatives with lower cost 

and shorter development time [29], [30]. 

Consequently, DEM has become a valuable tool in 
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the design optimization of rotary dryers and other 

particulate processing equipment. 

 

Although previous studies have established the 

importance of flight geometry and DEM analysis in 

rotary drum performance [30], [31], limited research 

has focused on the application of simulation-assisted 

rotary drum dryers for drying coconut meat residue 

(sapal). Furthermore, the use of internal spiral 

agitating flights in combination with DEM-based 

analysis remains insufficiently explored for small-

scale drying systems. Therefore, this study utilized 

DEM simulation to evaluate particle movement and 

optimize the design of a rotary drum dryer equipped 

with internal spiral agitating flights for the efficient 

drying of coconut sapal. 

 

III. METHODOLOGY 

 

Research Design 

This study employed a simulation-assisted 

engineering design approach for the development of a 

small-scale rotary drum dryer intended for drying 

coconut meat residue (sapal). The methodology 

consisted of design computation, DEM simulation, 

fabrication, assembly, and experimental performance 

evaluation. The integration of numerical simulation 

and experimental testing enabled the assessment of 

particle behavior and drying performance under 

different operating conditions. 

 

DEM Simulation and Evaluation of Spiral Agitating 

Flights 

The Discrete Element Method (DEM) was employed 

to investigate particle movement, mixing behavior, 

and velocity distribution inside the rotary drum dryer 

prior to fabrication. DEM simulation was performed 

using EDEM software to analyze the interaction 

between coconut sapal particles and the internal 

spiral agitating flights under varying operating 

conditions. The Hertz–Mindlin no-slip contact model 

was adopted to represent particle-particle and 

particle-wall interactions because of its suitability for 

granular material simulations [26]. 

 

The rotary drum was equipped with spiral agitating 

flights designed to promote continuous particle 

redistribution and reduce dead zone formation. The 

flight configuration consisted of six flights per row, 

five axial rows, a circumferential spacing of 60°, an 

axial pitch of 200 mm, a flight height of 50 mm, and 

an effective flight width of 35 mm. The spiral 

arrangement was intended to provide continuous 

agitation and axial transport of particles throughout 

the drum. 

 

 
Figure 1. Rotary Drum with Internal Spiral Agitating 

Flights 

 

Simulation trials were conducted under three loading 

conditions (15 kg, 20 kg, and 30 kg) and three 

rotational speeds (5 RPM, 10 RPM, and 15 RPM). 

These operating conditions were selected to evaluate 

the influence of rotational speed and material loading 

on particle mobilization, mixing intensity, and 

velocity distribution within the rotary drum. 

 

Particle flow behavior was analyzed through 

visualization of particle trajectories and movement 

patterns. At 15 kg and 5 RPM, particle motion was 

dominated by rolling behavior, resulting in poor 

circulation and the formation of large dead zones. As 

rotational speed increased to 10 RPM, particle 

agitation improved and stagnant regions were 

reduced. At 30 kg and 15 RPM, the particle bed 

became fully mobilized, exhibiting continuous 

circulation and minimal dead zone formation. The 

spiral agitating flights effectively maintained particle 

movement throughout the drum and promoted 

uniform material redistribution. 

 

 
Figure 2. Particle Flow Behavior at 15 kg and 5 RPM 
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Figure 3. Particle Flow Behavior at 20 kg and 10 

RPM 

 

 
Figure 4. Particle Flow Behavior at 30 kg and 15 

RPM 

 

Mixing behavior was further evaluated by examining 

particle distribution throughout the drum. Results 

showed that increasing rotational speed improved 

particle interaction and reduced inactive regions. The 

spiral agitating flights continuously disturbed the 

particle bed, resulting in more uniform mixing 

compared with conventional lifting-based flight 

designs. At the highest operating condition, the dead 

zone was nearly eliminated and particle distribution 

became highly uniform. 

 

 
Figure 5. Mixing Behavior at 15 kg and 5 RPM 

 

 
Figure 6. Mixing Behavior at 20 kg and 10 rpm 

 

 
Figure 7. Mixing Behavior at 30 kg and 15 RPM 

 

Velocity distribution analysis revealed that particle 

velocities increased and became more uniformly 

distributed as rotational speed increased. At 15 RPM, 

the appearance of high-velocity regions throughout 

the particle bed indicated effective momentum 

transfer and continuous particle motion. The spiral 

agitating flights contributed to a more balanced 

velocity profile by minimizing stagnant regions and 

maintaining consistent particle interaction. 

 

 
Figure 8. Velocity Distribution at 15 kg and 5 RPM 

 

 
Figure 9. Velocity Distribution at 20 kg and 10 RPM 

 

 
Figure 10. Velocity Distribution at 30 kg and 15 

RPM 

 

The DEM results demonstrated that increasing 

rotational speed enhanced particle circulation, 
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reduced dead zone formation, improved mixing 

uniformity, and promoted more consistent velocity 

distribution. These findings supported the selection of 

spiral agitating flights for the developed rotary drum 

dryer and provided the basis for subsequent 

fabrication and experimental evaluation. 

 

Fabrication and Assembly 

Following the completion of the design and 

simulation stages, the rotary drum dryer was 

fabricated using locally available materials. The 

major components, including the drum, frame, 

support rollers, drive mechanism, heating system, and 

internal spiral agitating flights, were manufactured 

and assembled according to the finalized design 

specifications. Particular attention was given to the 

installation of the spiral flights to ensure proper 

particle lifting, redistribution, and transport within 

the rotating drum. 

 

 
Figure 11. Final Assembly of the Rotary Drum Dryer 

Prototype 

 

Experimental Procedure 

Experimental testing was performed using fresh 

coconut meat residue as the drying material. Drying 

trials were conducted at rotational speeds of 13 RPM, 

15 RPM, and 17 RPM under a drying temperature of 

approximately 65–70 °C. Moisture content 

measurements were obtained before and after each 

drying cycle to determine moisture reduction 

performance. 

 

Additional experiments were conducted to evaluate 

the influence of loading capacity on drying behavior. 

Loading capacities of 5 kg, 10 kg, 15 kg, 20 kg, and 

30 kg were tested under selected operating 

conditions. Prior to each trial, the dryer was 

preheated to establish a stable drying temperature and 

ensure consistent drying conditions. 

 

 
Figure 12. Process Flow of the Drying Operation and 

Experimental Trial 

 

Performance Evaluation 

The performance of the developed rotary drum dryer 

was evaluated using moisture content reduction and 

drying efficiency as primary performance indicators. 

Experimental observations were compared with DEM 

simulation results to assess the relationship between 

particle movement characteristics and drying 

performance. The collected data were analyzed to 

determine the effects of rotational speed and loading 

capacity on the efficiency of the drying process. 

 

IV. RESULTS AND DISCUSSION 

 

DEM Simulation Results 

The DEM simulation successfully evaluated the 

particle movement, mixing behavior, and velocity 

distribution of coconut sapal inside the rotary drum 

under different operating conditions. The results 

demonstrated that both rotational speed and loading 

capacity significantly influenced particle flow 

behavior within the system. 

 

At the low operating condition of 15 kg and 5 RPM, 

particle motion was dominated by rolling behavior, 

resulting in poor circulation and the formation of 

large dead zones. Most particles remained 

concentrated at the lower portion of the drum, 

indicating insufficient rotational energy to mobilize 

the entire particle bed. Consequently, particle 

redistribution and mixing performance were limited. 

 

As rotational speed increased to 10 RPM with a 

loading capacity of 20 kg, particle movement became 

more active. Improved interaction between the 
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particles and the spiral agitating flights promoted 

greater material redistribution and reduced the extent 

of dead zone formation. The flow regime transitioned 

from simple rolling behavior to a combination of 

rolling and agitation, resulting in improved 

circulation throughout the drum. 

 

The highest operating condition of 30 kg and 15 

RPM exhibited the most effective particle behavior. 

The particle bed became fully mobilized, with 

continuous circulation occurring throughout the drum 

cross-section. Dead zones were significantly 

minimized, and particles were more uniformly 

distributed. The spiral agitating flights continuously 

disturbed the material, maintaining active particle 

interaction and promoting consistent redistribution. 

 

 
Figure 13. DEM Mixing Behavior & Velocity 

Distribution 

 

The mixing analysis further confirmed the 

effectiveness of the spiral agitating flights. Increasing 

rotational speed improved particle interaction, 

reduced stagnant regions, and enhanced mixing 

uniformity. Unlike conventional lifting-based flight 

designs that rely primarily on cascading behavior, the 

spiral configuration provided continuous agitation, 

resulting in more stable and consistent particle 

movement. 

 

Velocity distribution analysis supported these 

observations. At higher rotational speeds, particle 

velocities became more uniformly distributed 

throughout the particle bed, indicating improved 

momentum transfer and energy propagation. The 

reduction of low-velocity regions corresponded to the 

observed decrease in dead zone formation and 

enhanced mixing performance. 

 

Overall, the DEM simulation demonstrated that the 

internal spiral agitating flights effectively improved 

particle circulation, mixing behavior, and material 

redistribution within the rotary drum. These findings 

provided a theoretical basis for the subsequent 

experimental evaluation of the dryer. 

 

Drying Performance at Different Rotational Speeds 

The developed rotary drum dryer was experimentally 

evaluated at rotational speeds of 13 RPM, 15 RPM, 

and 17 RPM under a drying temperature of 

approximately 65–70 °C. The results showed that 

rotational speed significantly influenced moisture 

reduction and drying efficiency.  

 

Table 1. Drying Performance at 13 RPM 

 
 

At 13 RPM, the dryer exhibited the lowest drying 

performance. The average final moisture content 

remained above the desired moisture range of 15–

19%, indicating insufficient moisture removal within 

the 3-hour drying period. Drying efficiencies ranged 

from approximately 46.65% to 48.96%, suggesting 

that lower rotational speed limited particle agitation 

and reduced contact between the sapal and heated air. 

 

Table 2. Drying Performance at 13 RPM Under 

Extended Drying Durations 
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Additional testing conducted at 13 RPM with 

extended drying durations of 3.5 to 4 hours resulted 

in moisture contents within the target range. This 

finding indicates that lower rotational speeds can still 

achieve satisfactory drying performance when 

sufficient drying time is provided. 

 

Table 3. Drying Performance at 15 RPM 

 
 

At 15 RPM, improved drying performance was 

observed. Most trials achieved moisture contents 

within or close to the desired range, while drying 

efficiencies increased compared with the 13 RPM 

condition. Greater particle movement inside the drum 

promoted improved exposure of the material to 

heated air, resulting in more effective moisture 

removal. 

 

Table 4. Drying Performance at 17 RPM 

 
 

Among all tested conditions, 17 RPM produced the 

most consistent drying performance. Enhanced 

particle agitation and material redistribution 

improved heat and mass transfer throughout the 

drying process, resulting in lower final moisture 

content and more uniform drying behavior. 

 
Figure 14. Average Final Moisture Content at 

Different Rotational Speeds 

 
Figure 15. Average Drying Efficiency at Different 

Rotational Speeds 

 

The experimental observations were consistent with 

the DEM simulation results, which predicted 

improved particle mobilization and mixing behavior 

at higher rotational speeds. The agreement between 

simulation and experimental findings indicates that 

particle dynamics play an important role in 

determining drying effectiveness. 

 

Effect of Loading Capacity 

Additional experiments were conducted to evaluate 

the effect of loading capacity on dryer performance at 

the selected operating condition. Loading capacities 

of 5 kg, 10 kg, 15 kg, 20 kg, and 30 kg were tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 



© JUN 2026 | IRE Journals | Volume 9 Issue 12 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I12-1718732 

IRE 1718732          ICONIC RESEARCH AND ENGINEERING JOURNALS 1003 

Table 5. Drying Performance at Different Loading 

(17rpm) 

 
The results showed that increasing loading capacity 

generally increased the drying time required to 

achieve the desired moisture content. Larger 

quantities of material required greater heat input and 

longer exposure to heated air before sufficient 

moisture removal could occur. However, the 

developed rotary drum dryer maintained acceptable 

drying performance across all tested loading 

conditions. 

 

The spiral agitating flights contributed to maintaining 

material movement and preventing excessive particle 

accumulation, even under higher loading conditions. 

Continuous redistribution of the sapal improved 

exposure to heated air and helped maintain drying 

uniformity throughout the drum. 

 

 
Figure 16. Drying Time at Different Loading 

Capacities 

 

Dryer Efficiency Analysis 

The performance evaluation demonstrated that the 

developed rotary drum dryer achieved an average 

drying efficiency of approximately 60%, while the 

computed dryer efficiency reached 75.38%. These 

values indicate that the system was capable of 

effectively transferring heat to the drying material 

and reducing moisture content to levels suitable for 

feed-processing applications. 

 

The combination of DEM-assisted design, optimized 

rotational speed, and internal spiral agitating flights 

contributed to improved particle circulation and more 

efficient utilization of thermal energy. The agreement 

between simulation predictions and experimental 

observations further validated the effectiveness of the 

developed design. 

 

Overall, the results demonstrate that the developed 

rotary drum dryer is capable of providing efficient 

and uniform drying of coconut meat residue and has 

potential for small-scale agricultural and feed-

processing applications. 

 

V. CONCLUSION 

 

The study successfully designed, fabricated, and 

evaluated a simulation-assisted small-scale rotary 

drum dryer equipped with internal spiral agitating 

flights for drying coconut meat residue (sapal). The 

Discrete Element Method (DEM) simulation 

effectively analyzed particle movement, mixing 

behavior, and velocity distribution within the rotary 

drum, providing valuable insights for design 

optimization prior to fabrication. 

 

The simulation results showed that increasing 

rotational speed improved particle circulation, 

enhanced mixing behavior, reduced dead zone 

formation, and promoted more uniform material 

distribution. The internal spiral agitating flights 

contributed significantly to continuous particle 

agitation, resulting in improved particle mobility and 

interaction within the drum. 

 

Experimental testing demonstrated that rotational 

speed significantly affected drying performance. 

Among the evaluated operating conditions, 17 RPM 

produced the most consistent moisture reduction and 
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drying behavior. The developed rotary drum dryer 

achieved an average drying efficiency of 60% and a 

computed dryer efficiency of 75.38%, indicating its 

capability to effectively dry coconut sapal for feed-

processing and other agricultural applications. 

 

Furthermore, the agreement between DEM 

simulation results and experimental observations 

validated the effectiveness of the simulation-assisted 

design approach and highlighted the importance of 

particle dynamics in improving drying performance. 

Future studies may incorporate coupled DEM-CFD 

simulations to evaluate the combined effects of 

particle movement, airflow, and heat transfer within 

the rotary drum. Additional investigations on 

alternative flight configurations, improved thermal 

insulation, and automated process control are also 

recommended to further enhance drying efficiency 

and broaden the application of the developed dryer to 

other agricultural materials. 

 

REFERENCES 

 

[1] Philippine Coconut Authority, “Philippine 

Coconut Industry Performance Report 2023,” 

Philippine Coconut Authority, Quezon City, 

Philippines, 2023.https://psa.gov.ph/major-non-

food-industrial-crops/coconut 

[2] E. C. Zalameda, L. S. Montevirgen, and V. B. 

Conoza, Coconut Food Products: Livelihood 

Technology Series 04, 3rd ed. Taguig City, 

Philippines: Industrial Technology 

Development Institute – DOST, 2014. 

https://itdi.dost.gov.ph/images/LivelihoodTechn

ologyBrochures/04-

Coconut_Food_Products.pdf 

[3] D. D. Bawalan, “THE ECONOMICS OF 

PRODUCTION, UTILIZATION AND 

MARKETING OF COCONUT FLOUR FROM 

COCONUT MILK RESIDUE,” CORD, vol. 16, 

no. 01, Dec. 2000, doi: 

https://doi.org/10.37833/cord.v16i01.338. 

[4] R. B. Ramoran, M. A. Badua, and L. J. Labitag, 

“Coconut residue offers a cost-effective source 

of prebiotics for aquaculture,” DOST-

PCAARRD Portal, Feb. 11, 2025. 

https://www.pcaarrd.dost.gov.ph/index.php/quic

k-information-dispatch-qid-articles/coconut-

residue-offers-a-cost-effective-source-of-

prebiotics-for-aquaculture 

[5] J. S. Jongyingcharoen, P. Wuttigarn, and R. 

Assawarachan, “Hot air drying of coconut 

residue: Shelf life, drying characteristics, and 

product quality,” IOP Conference Series: Earth 

and Environmental Science, vol. 301, no. 1, p. 

012033, 2019. DOI:10.1088/1755-

1315/301/1/012033 

https://www.researchgate.net/publication/33569

3137_Hot_air_drying_of_coconut_residue_shel

f_life_drying_characteristics_and_product_qual

ity 

[6] R. Assawarachan, “Drying kinetics of coconut 

residue in fluidized bed,” International Journal 

of Agriculture Innovations and Research, vol. 2, 

no. 2, pp. 263–266. 

https://www.ijair.org/administrator/components/

com_jresearch/files/publications/IJAIR_286_Fi

nal.pdf 

[7] M. A. Delele, F. Weigler, and J. Mellmann, 

“Advances in the application of a rotary dryer 

for drying of agricultural products: A review,” 

Drying Technology, vol. 33, no. 5, pp. 541–558, 

2015. 

https://www.researchgate.net/publication/27284

7627_Advances_in_the_Application_of_a_Rota

ry_Dryer_for_Drying_of_Agricultural_Products

_A_Review 

[8] D. A. dos Santos, M. A. S. Barrozo, C. R. 

Duarte, et al,, “Investigation of particle 

dynamics in a rotary drum by means of 

experiments and numerical simulations using 

DEM,” Advanced Powder Technology, vol. 27, 

no. 2, pp. 692–703, 

https://doi.org/10.1016/j.apt.2016.02.027 

[9] D. Leon, J. Culig, and S. Trinidad, “Physico-

chemical and biological characterization of 

coconut residue flour in relation to its dietary 

fiber,” FAO, 1991. 

[10] B. B. Cocjin, “Fresh coconut meat in poultry 

rations,” Asian-Australasian Journal of Animal 

Sciences, vol. 4, no. 2, pp. 187–193, 1991. 

[11] P. Spring, C. Wenk, A. Dawson, and K. 

Newman, “The effects of dietary mannan 

oligosaccharides on cecal parameters and 

enteric bacteria in broiler chicks,” Poultry 

Science, vol. 79, no. 2, pp. 205–211, 2000. 



© JUN 2026 | IRE Journals | Volume 9 Issue 12 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I12-1718732 

IRE 1718732          ICONIC RESEARCH AND ENGINEERING JOURNALS 1005 

[12] Y. L. Yang, P. F. Iji, and M. Choct, “Dietary 

modulation of gut microflora in broiler 

chickens: A review,” World’s Poultry Science 

Journal, vol. 65, no. 1, pp. 97–114, 2009. 

[13] M. U. H. Joardder, A. Karim, and S. Ghnimi, 

“Retaining quality when drying food: Challenges and 

solutions,” Frontiers in Sustainable Food 

Systems, vol. 5, 2021. 

[14] R. Manuel et al., “Utilization of dried coconut 

dregs as a replacement for copra meal in broiler 

diets,” 2024. 

[15] El-Sebaii and S. M. Shalaby, “Solar drying of 

agricultural products: A review,” Renewable 

and Sustainable Energy Reviews, vol. 16, no. 1, 

pp. 37–43, 2012. 

[16] International Rice Research Institute (IRRI), 

“Drying of grains,” [Online]. Available: 

https://www.irri.org 

[17] O. V. Ekechukwu and B. Norton, “Review of 

solar-energy drying systems II: An overview of 

solar drying technology,” Energy Conversion 

and Management, vol. 40, no. 6, pp. 615–655, 

1999. 

[18] T. L. Bergman, F. P. Incropera, D. P. DeWitt, 

and A. S. Lavine, Fundamentals of Heat and 

Mass Transfer, 8th ed. Hoboken, NJ: Wiley, 

2017. 

[19] P. Donoso-García, L. Henríquez-Vargas, J. 

González, I. Díaz, and I. Fuentes, “A Study for 

Estimating the Overall Heat Transfer 

Coefficient in a Pilot-Scale Indirect Rotary 

Dryer,” Processes, vol. 12, no. 2, p. 357, Feb. 

2024, doi: https://doi.org/10.3390/pr12020357. 

[20] V. Ebrahimpour and K. Esmailpour, 

“Simultaneous use of convection and radiation 

heat transfer for Iranian pistachio drying using 

catalytic heater - numerical and experimental 

study,” Frontiers in Mechanical Engineering, 

vol. 10, Oct. 2024, doi: 

https://doi.org/10.3389/fmech.2024.1459806. 

[21] Gu, P. Li, and Z. Yuan, “A new corrected 

formula to predict mean residence time of 

flexible filamentous particles in rotary dryers,” 

Powder Technology, vol. 303, pp. 27–35, 2016. 

[22] Y. Duan, C. Wang, and J. Liu, “Experimental 

study of particle residence behavior in rotary 

drums,” Applied Thermal Engineering, vol. 113, 

pp. 145–153, 2017. 

[23] P. S. T. Sai, “Drying of solids in a rotary dryer,” 

Drying Technology, vol. 31, no. 2, pp. 213–223, 

2013. 

[24] FEECO International, Inc., “Rotary Dryer Parts 

and Components,” 2025. [Online]. Available: 

https://feeco.com 

[25] M. H. Lisboa, M. B. V. Barrozo, and J. R. A. 

Finzer, “Performance of rotary dryers with 

lifting flights,” Drying Technology, vol. 25, no. 

5, pp. 829–838, 2007. 

[26] K. J. M. Calunsod, J. C. M. Escamillas, and J. 

C. Sabalvaro, “Design and fabrication of an 

indirect heating rotary coconut meat dryer using 

coconut shell as fuel source for coconut farmers 

of Brgy. Leviste, Rosario, Batangas,” Capstone 

Project, Malayan Colleges Laguna, 

2021.https://librarythesis.mcl.edu.ph/942P05r07

4e1v2/ME_Calunsod_02915_Design%20and%2

0fabrication%20of%20an%20indirect%20heatin

g%20rotary%20coconut%20meat%20dryer.pdf 

[27] M. O. Sunmonu, K. J. Falua, A. L. 

Abdulmumeen, and A. Oladipo, “Development 

and performance evaluation of an electrically 

operated rotary dryer,” in Proc. 40th Annu. 

Conf. and 20th Int. Conf. NIAE, ERIAN 

Institution of NIAE, 2019, pp. 291–299. 

[Online]. Available: 

https://www.researchgate.net/profile/Kehinde-

Falua/publication/340789200_Development_an

d_Performance_Evaluation_of_an_Electrically-

Operated_Rotary_Dryer/links/5e9dabf8299bf13

079aaa4f6/Development-and-Performance-

Evaluation-of-an-Electrically-Operated-Rotary-

Dryer.pdf 

[28] Rodulfo, “Design and development of a dilute-

phase flow pneumatic dryer for agricultural by-

products,” Philippine Agricultural 

Mechanization Journal (Philippines), vol. 16, 

no. 2, 2025, Accessed: Oct. 29, 2025. [Online]. 

Available: 

https://agris.fao.org/search/en/providers/122430

/records/64738d4ace9437aa76fedab5 

[29] P. A. Cundall and O. D. L. Strack, “A discrete 

numerical model for granular assemblies,” 

Geotechnique, vol. 29, no. 1, pp. 47–65, 1979. 

[30] Y. Hou et al., “Drying characteristics of cut 

tobacco in a rotary drum using DEM–CFD 

simulation,” 2024. 



© JUN 2026 | IRE Journals | Volume 9 Issue 12 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV9I12-1718732 

IRE 1718732          ICONIC RESEARCH AND ENGINEERING JOURNALS 1006 

[31] F. Burlacu et al., “Influence of flight geometry 

on particle movement in rotary drum dryers,” 

2022. 

[32] Krissada Namwong, Sarayut Nilnate, and 

Watcharine Maenthanu, 

“ผลของการกระจายอุณหภูมขิองเคร ือ่งอบแหง้แบบท่

อหมุนขนาดเล็กโดยการวิเคราะหด์ว้ยวิธไีฟไนต์เทอร ์

มอลรซีสิแทนซร์ว่มกบัวิธพีลศาสตรเ์ชงิค านวณในภา

วะไรโ้หลด,” Journal of Engineering and 

Innovation, vol. 17, no. 3, pp. 1–11, 2024, 

Accessed: Oct. 29, 2025. [Online]. Available: 

https://ph02.tci-

thaijo.org/index.php/eng_ubu/article/view/2489

87 

[33] X. Liu et al.,“Analysis of particle motion and 

mixing behavior in rotary drums,” 2022. 

[34] Municipal Government of Nagcarlan, 

“Barangay Management Information System 

(BMIS) Survey,” 2016. 

[35] World Weather Online, “Climate data for 

Nagcarlan, Laguna,” 2025. [Online]. Available: 

https://www.worldweatheronline.com 

[36] S. Mujumdar, Handbook of Industrial Drying, 

4th ed. Boca Raton, FL: CRC Press, 2014. 

[37] M. F. Ashby, Materials Selection in Mechanical 

Design, 5th ed. Oxford, UK: Butterworth-

Heinemann, 2017. 

[38] H. B. Sta. Maria, Refrigeration and Air 

Conditioning, 3rd ed. Mandaluyong City, 

Philippines: National Book Store, 2001. 

[39] Y. A. Çengel and M. A. Boles, 

Thermodynamics: An Engineering Approach, 

8th ed. New York, NY, USA: McGraw-Hill 

Education, 2015. 

[40] Hipolito, E. G. (2017). Engineering Economy 

(3rd ed.). Rex Book Store. Internal Rate of 

Return 


