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ABSTRACT. 

This project was about the design, construction, and testing of a novel round-the-clock 

solar crop dryer with water recovery. The air circulation system of the dryer handled the air 

circulation system of the dryer. The entire project had other 5 subsystems that were designed and 

assembled to form the integral novel dryer. The air circulation system could operate as either an 

open system or a closed system depending on the weather condition. The airflow in the dryer 

was an open system during the day and a closed system during the night as well as during rainy 

weather conditions. During the day, the system gained thermal energy from the solar thermal 

(ST) system while at night, the heat pump subsystem provided the thermal energy required for 

drying the crops. There was water recovery from the food being dried only during the night 

given that the air circulation system was an open system during the day. At night, hot air picked 

up moisture from the drying crops and then forced to condense it by the evaporator before 

entering the collector. This air thus interacted with systems designed by two other people who 

supply the heat transport required of the airflow. The water coming out of the dryer is to be 

collected in such a way that it does not lead to air leakage into the system. The circulation of air 

was by forced convection by use of a suction DC fan. Open sun drying and dryers that use open-

air circulation systems only have a challenge of rehydration of the food at night and in rainy 

weather respectively from the humid air. Iterative moisture loss and moisture absorption by the 

crops deteriorate the mouthfeel and quality of the food during its consumption. Therefore, there 

was a need to develop, design, and construct an air circulation system of the novel solar dryer 

that allowed both open-air circulations and closed air circulation depending on the time of the 

day or the weather to achieve efficient air movement in the dryer without reabsorption of 

moisture in all weather conditions. The study was focused on developing, designing, and 

fabricating the air circulation system of a novel round-the-clock solar crop dryer. This study 

aimed to serve medium-sized farmers who could afford to spend about 15 – 25 million Ugandan 

shillings on a solar crop dryer. The efficiency of the air circulation system was 63.87%. The air 

supplied by the system was sufficient to cause the desired drying of the food. The movement of 

air throughout the system was by forced convection. 

Keywords: air circulation, heated air, airflow, temperature, DC suction fan, downdraft air 

movement. 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            iii | P a g e  

 

Declaration  

I AKIMANZI GLORIA, BU/UG/2017/6, hereby declare that this report is the work of my 

hands and this research has never been presented by any person or institution for an academic 

award.   

Signature: …………………………….   

Date: …………/…......……/…………… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            iv | P a g e  

 

Approval. 

This work has been compiled with guidance and consultation from my supervisor.   

Prof. Kanyarusoke Kant 

Signature…………………………………………   

Date………/……………/………………………. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            v | P a g e  

 

Dedication. 

I dedicate this report to my family, team members, friends, and my supervisor. May God 

reward you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            vi | P a g e  

 

Acknowledgment. 

 I am very grateful to the Almighty God for the guidance and good health he has provided to me 

and for enabling me to reach this year of study.   

I thank my teammates, Nalumansi Doreen, Akankwatsa Adella, Kakoza Ibrahim, and Ssensuwa 

Enock for the cooperation that enabled us to achieve our set goals regarding this report. 

I am so grateful to my special friend Nahaima Musa for his constant support and encouragement 

in difficult times.  

I thank my supervisor, Prof. Kanyarusoke Kant for the constant guidance provided. 

I would also like to thank my mother, brothers, sisters, and friends for their financial, emotional 

support during this period. May the Lord reward you.  

I would also like to appreciate my classmates at large for their guidance and cooperation 

throughout the implementation process. May the Almighty God bless you and reward you all. 

 

 

 

 

 

 

 

 

 

 

 

 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            vii | P a g e  

 

Table of Contents 

ABSTRACT. ................................................................................................................................... ii 

Declaration ..................................................................................................................................... iii 

Approval. ....................................................................................................................................... iv 

Dedication. ...................................................................................................................................... v 

Acknowledgment. .......................................................................................................................... vi 

CHAPTER ONE. ............................................................................................................................ 1 

1.1 BACKGROUND. ................................................................................................................. 1 

1.2 PROBLEM STATEMENT. .................................................................................................. 2 

1.3 OBJECTIVES. ...................................................................................................................... 3 

1.4 Significance of the study. ...................................................................................................... 3 

1.5 Scope of the study. ................................................................................................................ 4 

1.6 Limitation (delineation) of the study. ................................................................................... 4 

CHAPTER 2: LITERATURE REVIEW. ....................................................................................... 5 

2.1 BACKGROUND. ................................................................................................................. 5 

2.2 HOW DRYING IS ACHIEVED USING AIR. .................................................................... 5 

2.3 GENERAL CLASSIFICATION OF SOLAR DRYERS IN RELATION TO AIR 

CIRCULATION. ........................................................................................................................ 6 

2.3.1 How the heated air is circulated through the materials being dried. .............................. 6 

2.3.2 Heating modes. .............................................................................................................. 7 

2.4 Parameters that determine the effectiveness of the circulation system of a dryer. ............... 9 

2.5 ADVANTAGES OF DOWNDRAFT AIR MOVEMENT OVER UPDRAFT AIR 

DRAFT. .................................................................................................................................... 10 

CHAPTER 3: METHODOLOGY. ............................................................................................... 11 

3.1 To avail an air circulation system that would ensure efficient air circulation in the dryer.

 11 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            viii | P a g e  

 

3.1.1 Conceptual diagrams of the solar dryer and the air circulation diagram. ............... 12 

3.2 To supply gentle moving air that can dry the food to the safe moisture content for storage 

at ambient temperatures. ........................................................................................................... 16 

3.3 To test and evaluate the performance of the air circulation system of the solar dryer. ...... 18 

CHAPTER 4: RESULTS AND FINDINGS................................................................................. 20 

4.1 Mass flow rate of air into the dryer. .................................................................................... 20 

4.2 Power of the fans. ............................................................................................................... 21 

CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS. ............................................... 29 

5.1 CONCLUSION. .................................................................................................................. 29 

5.2 RECOMMENDATIONS. ................................................................................................... 29 

REFERENCES. ............................................................................................................................ 30 

Appendix. ...................................................................................................................................... 32 

 

 

 

 

 

 

 

 

 

 

 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            ix | P a g e  

 

LIST OF FIGURES. 

Figure 1 shows moulds on maize and meat due to poor drying respectively. ................................ 2 

Figure 2 shows open sun drying of cassava and a solar dryer using an open-air circulation system 

respectively. .................................................................................................................................... 3 

Figure 3 shows dried cassava chips and maize respectively........................................................... 4 

Figure 4 shows the drying mechanism of direct solar dryers. ........................................................ 7 

Figure 5 shows the drying mechanism of an indirect solar dryer. .................................................. 8 

Figure 6 shows the conceptual diagram of the solar crop dryer. .................................................. 12 

Figure 7 shows the front view of the solar crop dryer. ................................................................. 12 

Figure 8 shows the movement of air through the open-air circulation system. ............................ 13 

Figure 9 shows the movement of air through the closed-air circulation system. ......................... 13 

Figure 10 shows the parallel arrangement of fans in the air circulation system. .......................... 17 

Figure 11 shows cassava chips after and before drying respectively. .......................................... 20 

Figure 12 shows a graph of 24V DC fan characteristics. ............................................................. 23 

Figure 13 shows the components of the ducting system............................................................... 24 

Figure 14 shows Moody's diagram. .............................................................................................. 27 

Figure 15 shows the Arx Cera Dyna Fan, FD2413-A1251G........................................................ 32 

Figure 16 shows the dyer being moved. ....................................................................................... 32 

Figure 17 shows bananas spread on trays to be dried. .................................................................. 33 

Figure 18 shows eggs plants spread on the trays to be dried in the dryer..................................... 33 

Figure 19 shows yellow bananas to be dried. ............................................................................... 33 

Figure 20 shows some of the activities that were performed in constructing the dryer. .............. 34 

Figure 21 shows the construction of the dryer. ............................................................................. 34 

Figure 22 shows the dryer being loaded. ...................................................................................... 35 

Figure 23 shows the complete novel solar crop dryer. ................................................................. 35 

 

 

 

 



  AKIMANZI GLORIA     BU/UG/2017/6                                                            x | P a g e  

 

LIST OT TABLES. 

Table 1 shows material selection for the components of the air circulation system. .................... 14 

Table 2 shows the characteristics of the DC fans that were used. ................................................ 14 

Table 3 shows the fabrication activities and tools that were used. ............................................... 15 

Table 4 shows the assembly process that was done. ..................................................................... 16 

 

 

 

 

 

 

 

 

 

 

 

 

 


