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ARTICLE INFO ABSTRACT

Article history: Losses incurred during postharvest processes of food and other agricultural products in
Received 1 October 2023 the rural and some urban areas of West African countries have been attributed to poor
Received in revised form 2 January 2024 thermal conditions of the indoor air. The quality of these products at storage or after
Accepted 12 January 2024 thermal processes such as drying, cooking, frying, etc. has been identified to be majorly

Available online 15 February 2024 dependent on the temperature and humidity of the air. The objective of this study was

therefore to develop a low cost Arduino based multi-channel temperature and humidity
data acquisition system for domestic and industrial applications. It comprises an ATmega
328P controller type, fourteen (14) DS18B20s temperature sensors, and six (6) DHT22
humidity sensors. The system was configured and programmed to log in readings every

Keywords: 30 minutes (30 min) on the SD card or through the Bluetooth module in Excel format
Arduino; thermal comfort; data directly into the computer. The results from the experiments conducted with this data
logger; low cost; temperature; acquisition system demonstrated reliability because they were within the reasonable and
humidity acceptable range for commercial logging devices.

1. Introduction

The condition of the environment in which we live, store food, grow crops, etc. plays an important
role in human life. The need for collecting high quality data on temperature and relative humidity
continues to increase as better information on system performance could improve understanding of
energy usage [1,2]. Insufficient indoor air quality has a direct effect on building related health
symptoms, known as sick building syndrome which negatively impacts the worker’s performance and
productivity [3]. Traditionally, the use of hand-held instruments for determining the conditions of the
environment had been observed to be highly labourious and time consuming. The reason is that the
user needs to be physically present at the site where measurements are meant to be taken. A device
that aids in collecting and storing experimental data is called a Data acquisition system (DAS) or data
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logger. DAS comes in different forms; specific data loggers measure only single parameters and
multipurpose ones which can measure any parameter depending on the probe used, and analyses
with integrated displays [4]. In thermal fluid science, data loggers are mostly used to measure
thermodynamic properties like temperature, pressure, humidity, etc. which, plays a key role in the
monitoring of environmental variables for plants and animal growth, quality of food, usage of energy
and thermal comfort, indoor environmental quality etc [2,5-9]. Climate change related problems such
as water scarcity, environmental monitoring inadequacies, etc. necessitate the use of automated
techniques and tools that allow adequate decision making intending to reduce negative
consequences caused by monitoring of environmental parameters especially temperature and
relative humidity, is necessary for many applications and industrial processes [10]. These include
agriculture, food processing (drying, cooking, frying, baking, incubating, etc.), papermaking,
hospitals, residential apartments, etc.

Commercial electronic weather monitoring devices for the above applications/industrial
processes are not readily available in developing countries such as Nigeria, Ghana, and other West
African countries. The imported ones are not just too expensive but also come with close codes that
are difficult to integrate into an open code system, Also, the incorporation of sensors and
epidemiological models calibrated for different conditions is not permitted [11]. Humidity and
temperature conditions impact indoor air quality and thermal comfort amongst other environmental
parameters [12]. Many houses have recently been equipped with vapour barriers, insulation,
weather stripping, and caulk to effectively retain desired air temperature and reduce outdoor air
infiltration [10]. Also, continuous monitoring and control of temperature and humidity are important
for storing and transporting medicinal products [13].

Various designs and applications of Arduino-based data acquisition systems on data acquisition
systems for monitoring temperature, relative humidity, etc within a system are available in the
literature [8,10,13-19]. Most of these studies have been addressing building environments for human
comfort in residential apartments and soil health and growth for crops. However, much has not been
reported on weather monitoring during postharvest handling of food products or thermal food
processes such as drying, cooking, frying, etc. In food industries, the proper control of the
environment for food preservation at storage is an effective way of reducing the
manifestation/spread of microbes. Conditioning agricultural or food products under unsuitable
temperatures and relative humidity would cause a reduction in the product’s quality.

Losses incurred while using thermal processing equipment such as dryers, silos, incubators, etc.
where measurement and monitoring of temperature and relative humidity are highly required have
been attributed to a lack of proper monitoring of environmental conditions. Also, the cost and
adaptation problems of the imported data logger necessitates the development of a temperature
cum humidity data acquisition system using locally sourced materials. With the advent of trouble free
technologies, the authors, therefore, aimed at developing a simple, low-cost, Arduino-based
temperature and humidity data monitoring system for both rural and urban industrial applications.

2. Methodology
2.1 Description of the Data Acquisition System Structure

The data-logging system is made up of many parts including the data logging device itself,

temperature sensors, humidity sensors, and power supply unit. The structural details of the data
logging system are shown in Figure 1 to Figure 7.
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2.1.1 Data-logger device

The data-logging device diagrammatically and pictorially represented by Figure 1 and Figure 2
communicates with the sensors (Figure 3 and Figure 4) to measure temperature and humidity
readings and stores the information into a memory card attached to it. It is made up of a micro-
controller which acts as the brain of the system, an SD Card Module for mounting the memory card,
a real time clock module for taking note of the time and date of the day, a temperature sensor port
for mounting the temperature sensors, a humidity sensor port for humidity sensors. It has also a LED
indicator and a small USB port for providing power to the system and allowing for reprogramming of

the system.
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Fig. 1. Block diagram of the data acquisition system with other accessories
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Fig. 2. Data logging system showing the connection
of some components
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Fig. 3. Data logging device indicating the SD card module

2.1.2 Temperature sensor

The temperature sensor (Figure 4) was the DS18B20 from Maxim Integrated. The DS18B20 digital
temperature sensor provides 9-bit to 12-bit Celsius temperature measurements. The DS18B20
communicates over a 1-Wire bus that by definition requires only one data line (and ground) for
communication with a central microprocessor. See the specification in Table 1.

Fig. 4. Pictorial diagram of the
temperature sensor
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2.1.3 Humidity sensor

The DHT22 Humidity Sensor (Figure 5) is a basic, low-cost digital temperature and humidity
sensor. It uses a capacitive humidity sensor and a thermistor to measure the surrounding air and spits
out a digital signal on the data pin (no analog input pins needed). It’s fairly simple to use but requires
careful timing to grab data. See the specification in Table 1.

Fig. 5. Pictorial diagram of
the relative humidity sensor

Table 1

Humidity and temperature sensor specification

Sensor type Model Measurement range  Output Accuracy Powerrange Connection range
Relative Humidity DHT22 0-100% 3-5V +3RH 3-5V Up to 10 metres max.
Temperature DS18B20 -55-+125°C 3-5.5V +0.5°C 3-5V Up to 30 metres max.

2.1.4 The microcontroller

The microcontroller used for the device is the Atmel ATmega 328P type. It was used to upload
computer code (C/C++ programme Figure 6) through the USB port to the device. Also indicated in
Figure 7 is the Programme flowchart for the logger. With this microcontroller, the device was capable
of supporting a maximum of six (6) humidity sensors and a total of fifteen (14) temperature sensors.
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@ sketch_juldia | Arduino 1.6.12
File Edit Sketch Tools Help

#include <avr/sleep.h>

#include <SD.h>
#include <SPI.h>

#include <Onewire.h>

#include <Wire.h>

#include <Time.h>

#include <DS1307RTC.h>
#includs <PallasTemperature.h>
$include "DHI.h"

FASAAIALIAARALAAIARAARAS LED Indicater Light Meaning tAALAALAAALAEIALER
Startup = Green Blinking for 3 times

Data Processsing = Pink Blinking for about 3 times

SD Card Error = Red Light Remain Retive

Device Zetive = Quick Srssn blinking for 2 rimes

Wrong DET Sensor Comnecticn = Cyan coler active or blinking

DHT sensor not connected = Blue coler active or blinking

FEARASAAIAAAALRRSAAY DAT Sensors Configuration A4dAiiAisiiiikiiiking

/igdafine DHILPIN 2 /7 wnat pin we'rs connectad to
3
4 /f what pin we're connected to
DET4PIN 5
#define DHISFIN & // ¥hat pin we're connected to
d#define DHTEFIN 7

const byte sensor 5[8] = [0x28, 0x36, 0zF0, Ox41, 0x07, 0x00, 0x00, 0xF2}; //5 Sensor
//byte sensor 5[8] = {0x28, OxFF, Ox4d, OXEB, Ox70, Oxld, Ox04, Ox3A}; // sensor 5 new
const byte sensor_6[8] = (0x28, Ox4F, 0x06, 0x41, 0x07, 0x00, 0x00, OxC6}; //6 Sensor
const byte sensor_7[8] = {028, OXFE, OXES, OXAO, OX3E, 0x04, 000, OxFS}: //7 Sensor

const byte sensor_8[8] = (0x28, OxFF, Ox51, Ox18, 0x56, Ox1ld4, 0x03, OxAB}; // 8 Sensor

//byte sensor_1[8] = {0x23, OxER, Ox48, 0x50, 0x05, 0x00, Ox00, OxC2}:; // 1 sensor replacemsnt
const byte sensor 9[8] = [0x28, 0x56, OxEC, 0x35, 0x05, 0x00, 0x00, Ox4E}; // 9 Sensor

const byte sensor 10[3] = {0x28, OxFF, 0x32, 0xBS, 0x55, Ox14, 0x03, 0x24}; // 10 Sensor
censt byte sensor_11[8] = {0x23, OxFF, 0x38, Ox§4, 0x56, Ox14, 0x03, 0xBC}; // 11 Senser
const byte sensor_12[8] = {0x28, 0xD9, 0x4l, Ox48, Ox05, 0x00, Ox00, OxM1}: //12 Sensor

const byte sensor_13[8)] = {0x22, OxFF, Oxll, 0x2C, OxS6, Ox14, 0x03, 0x04); //13 Semsor
const byte sensor_14[8] = {0x28, 0x68, 0xC3, 0x34, 0x05, 0x00, 0x00, 0x63}; //14 Sensor
f/conat byte sensor_lS[8] = {0x28, OxFF, 0x11, 0x2C, 0x5€, 0x14, 0x03, Ox04}; //15 Sensor

// Creating an array to hold the sensors
const byte* vempSensor[HoDevices] = {sensor_ 1, sensor_2, sensor_3,
sensor_4, sensor_S, sensor_§,
sensor_7, sensor_8

CneHire oneWire2(9):
DallasTemperature sensorsz(soneWire2):
const byte* tempSensor2[é] = {[sensor 9,
sensor_10, sensor 11, sensor 12,
sensor_13, sensor_l4};
.
#define DhtSensors 6
e
f/ Frem pin 1 - 3 the senscrs type is the blue cne i.e dht 11 snd the remmeing down one is dht22 pert

*
DHT* dht;

uint®_t dht_data[DhtSensors*2] ={0}; //Variable that stores all the result of the dht sensors
FESKLSRAREAAAARRRRAS END 0f DHT Configuration *Feadiddsdtikskaesrss
FESKLIEUESARFUNRUNRS DS1EH20 Sensors Co

#define tempSensorPin &
#define NoDevices 14

JUration WAEEILEXEEREENRERRLLES

CneWire oneWire (tempSensorPin):
DallasTemperature sensors (soneWire):

#/ To ASsign the address of the l-wire Temp sensora

const byte sensor_1[8] = [0x28, OxFF, 0x3C, 0x72, 0x70, Ox1l4, 0x04, Ox1B}; // 1 Sensor
//byte sensor 1[8] = {0x2%, OXER, Ox48, OXS0, 0x05, 0x00, OXDO, OxC2}r // 1 sSensor replacement
const byte sensor_2[8] = [0x28, OxFE, Ox6A, 0x7%, 0x4%, 0xl&, 0x03, OxFO}; // 2 Sensor
const byte sensor_3[S] {0x23, O0xFF, 0x83, 0xE3, 0x70, 0x14, 0x04, 0xBl}; // 3 Sensor
const byte sensor_4[8] {0x28, 0xFD, OxCF, Ox4l, 0x07, 0200, 0x00, Ox7E}; // 4 Senser

//int sensor_data[NoDevices] = {0}; //This array will be used to hold the temperature readings for the dslsb20 devices
FRARRSAE AR R RRRAAA S End of ds13b20 Configuration *&%&+akisdskkkkissy

FERRTIRETRRAURXRAANNT Sleep Variable CONTIgUrATION ** STtk sxaesxxaaxarexy
// Hote that ouxr sleep value will be gotten from the variable resistor

4define minTime 30 // Means 30 mins
#define maxTime €00 // Means 10 hours wwhich iz 600 mins

7/ This variable is made volatile because it is changed inside
£/ an interrupt function
volatile nint8_t activeCounter =
volatile uinctlé T sleep count =
// cycles have been completed.
//uintlé_t interval = 10; // Interval in minutes between waking and doing tasks.

uintlé_t sleep_total; // Approximate number of sleep cycles needed before the interval defined above
7/ elapses. Not that this does integer math.

// Keep track of how many sleep

JEERLSAEEEAL AR kA End of Sleep Varioble Configuration LAAEikkiitathattatiity

FENKRIERRRAXXKNKRRANNRISXAE Other CONEAguration WANKAXSAEXXAENEXKKKANANKAXE)
// Led Pins definition

#define Blueled 15

#define Greenled 16

fdefine Redled 17

Fig. 6. Code for operating the data logger
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Fig. 7. Programme Algorithm

2.1.5 Power supply unit

The data-logger device is powered by a 4400 mAH power bank unit. This power bank unit gives
the data-logger unit an uninterrupted power supply and allows the device to work for days before
recharging. The power bank gives out 5 V at 1 Amp to the device. The power bank when fully charged
can last for about 7 - 30 days. The device can be plugged into any micro USB power charger to charge
the device. Power is supplied to the device using the USB port on it.

2.1.6 LED indicator

The LED indicator is made up of a single RGB LED which can produce up to 8 colours. The LED is
used to signify different device modes of operation and it is quick to identify problems with the data
logger device. The different mode of operation of the LED is given below:

(a) Start up = Green Blinking for 3 times

(b) Data Processing = Pink Blinking for about 3 times

(c) SD Card Error = Red Light Remain Active

(d) Device Active = Quick Green blinking for 2 times

(e) Wrong DHT Sensor Connection = Cyan colour active or blinking
(f) DHT sensor not connected = Blue colour active or blinking
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2.2 Experimentation and Data Measurement

Testing of the device (Data acquisition system) was conducted after the connection and mounting
of the sensors on a solar drying system (Figure 8 and Figure 9) and solar cooking system (Figure 10).
The air's temperature and relative humidity at various points inside a solar drying as shown in Figure
9, were monitored and measured using sensors DS18B20 (Figure 4) that could measure temperatures
from -55 to +125°C (with an accuracy of 0.5°C) and DHT22 (Figure 5) that could measure humidity
levels from O to 100%. The sensors were linked to a data logger with an Atmel ATmega 328P type
microcontroller, which serves as the system's brain. The data acquisition system was configured and
programmed to log in readings every 30 minutes (30 min) on the SD card or through the Bluetooth
module in Excel format into the computer as presented in Figure 11.

1. Data Logger
2. Humidity sensor cables

3. Temperature sensor cables
1Y 4. Power bank

Fig. 8. Connection of all the sensors to the data acquisition system [20]
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Fig. 9. Positioning of the sensors at different locations on a solar drying system for data

capturing [21-25]

1. Cooking box
2. Data Acquisition and solar tracking control unit
3. Parabolic collector/reflector

4. Stepper motor

5. Solar panel connected to Battery

Fig. 10. Application on solar cooking system [26]
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Fig. 11. Sample of the captured data
3. Results and Discussion

The results of the captured relative humidity and temperature data by the developed data
acquisition system during preliminary, no-load, and full-load solar drying experiments are presented
in Figure 11 to Figure 13 [21,24,25].

The plot of the temperature and relative humidity of the ambient, exit, and in the drying chamber
of the dryer versus time is illustrated in Figure 12. The ambient, drying chamber, and exit
temperatures were also plotted over time in the figure to reflect their effects on the relative
humidity. The figure shows that the relative humidity of the ambient, drying chamber, and exit
decreased with time from the morning hour as their corresponding temperatures increased. The
relative humidity in the drying chamber was lower than those of the exit and ambient during the
daytime. A minimum value of 27% relative humidity was measured in the drying chamber at 11:30
hr, while the corresponding ambient and exit humidities were 70.8 and 22% respectively. The relative
humidities remained fairly constant till 17.00 hours when they increased monotonically until the
maximum value of 99.9% was attained in the night to morning hours.
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Fig. 12. Plots of temperature and humidity versus time at no-

load condition [25]

Figure 13 explains the variation of various temperatures and relative humidities with time under
full load condition. From the figure, it can be seen that during the daytime (9:00 -13:00 hr),
temperatures increased with time while there was a decrease in humidity with time. In the nighttime,
it was the other way round, there was an increase in humidity with time as temperatures decreased
with time. Also, it was observed that the profiles for ambient and exit relative humidities sometimes
at night were almost the same. The minimum and maximum relative humidities of the drying process
were 34.0 and 98.0% at 13:00 and 18:00 hr respectively. As expected, an increase in temperature
caused a decrease in relative humidity and vice versa.

@ Collector T. ® - Plenum Chamber T. Drying chamber T.
DAY 1 and 2 Product T. @ Inlet T. e OutletT.
® AmbientT. @ Drying chamber Hum. @ Hum at Exit
© Ambient Hum.
DAY 1 DAY 2
DAYTIME NIGHTTIME DAYTIME NIGHTTIME

Temperature (degree Celsius)
Humidity (kg dry air / kg air)

9 11 13 15 17 19 21 23 1 3 S 7 9 11 13 15 17 19 21 23 1 3 S5 7
Time (hr)
Fig. 13. Plots of temperature and humidity versus time at full-load condition [22]

4. Conclusion

In the present study, the development of an Arduino based multichannel temperature and
humidity data acquisition system for industrial applications was presented. The locally developed low
cost data acquisition system which consists of fourteen and six temperature and humidity sensors
respectively was configured and programmed to log in readings every thirty minutes on the SD card.
The flexibility of the system design features makes it easy to reproduce for many industrial
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applications. The data captured by the developed data acquisition device during various solar drying
experiments were within the reasonable and acceptable range for commercial logging devices.

References

[1]  Guerra-Santin, Olivia, and Christopher Aidan Tweed. "In-use monitoring of buildings: An overview of data collection
methods." Energy and Buildings 93 (2015): 189-207. https://doi.org/10.1016/j.enbuild.2015.02.042

[2] Babaei, Toktam, Hamid Abdi, Chee Peng Lim, and Saeid Nahavandi. "A study and a directory of energy consumption
data sets of buildings." Energy and Buildings 94 (2015): 91-99. https://doi.org/10.1016/j.enbuild.2015.02.043

[3] Fisk, William J. "Health and productivity gains from better indoor environments and their relationship with building
energy efficiency." Annual Review of Energy and The Environment 25, no. 1 (2000): 537-566.

[4] Suleiman, M. "Design and Implementation of Humidity Data Logger and its comparative analysis with the
conventional one." International Journal of Information, Engineering & Technology 11, no. 2 (2020): 42-47.

[5] De Vleeschouwer, Kristel, lesel Van der Plancken, Ann Van Loey, and Marc E. Hendrickx. "The effect of high
pressure— high temperature processing conditions on acrylamide formation and other maillard reaction
compounds." Journal of Agricultural and Food Chemistry 58, no. 22 (2010): 11740-11748.
https://doi.org/10.1021/if102697b

[6] Langevin, Jared, Jin Wen, and Patrick L. Gurian. "Simulating the human-building interaction: Development and
validation of an agent-based model of office occupant behaviors." Building and Environment 88 (2015): 27-45.
https://doi.org/10.1016/j.buildenv.2014.11.037

[71 Ramos, Tiffanie, Sandra Dedesko, Jeffrey A. Siegel, Jack A. Gilbert, and Brent Stephens. "Spatial and temporal
variations in indoor environmental conditions, human occupancy, and operational characteristics in a new hospital
building." PLoS One 10, no. 3 (2015): e0118207. https://doi.org/10.1371/journal.pone.0118207

[8] Medojevic, Milovan, Andrija Stojanovic, Milovan Lazarevic, Ilija Cosic, and Nemanja Sremcev. "Development and
testing of Arduino-based Relative Humidity and Dry Bulb Temperature data logger." In XVII International Scientific
Conference on Industrial Systems (1S'17). 2017.

[91 Morsy, M., M. Fahmy, H. Abd Elshakour, and A. M. Belal. "Effect of thermal insulation on building thermal comfort
and energy consumption in Egypt." Journal of Advanced Research in Applied Mechanics 43, no. 1 (2018): 8-19.

[10] Simi¢, Mitar. "Design and development of air temperature and relative humidity monitoring system with AVR
processor based web server." In 2014 International Conference and Exposition on Electrical and Power Engineering
(EPE), pp. 038-041. IEEE, 2014. https://doi.org/10.1109/ICEPE.2014.6969864

[11] Ramirez-Gil, Joaquin Guillermo, Gabriel Oswaldo Giraldo Martinez, and Juan Gonzalo Morales Osorio. "Design of
electronic devices for monitoring climatic variables and development of an early warning system for the avocado
wilt  complex disease." Computers and Electronics in  Agriculture 153  (2018): 134-143.
https://doi.org/10.1016/j.compag.2018.08.002

[12] Bamodu, Oluleke, Felix Osebor, Liang Xia, Ali Cheshmehzangi, and Llewellyn Tang. "Indoor environment monitoring
based on humidity conditions using a low-cost sensor network." Energy Procedia 145 (2018): 464-471.
https://doi.org/10.1016/]j.egypro.2018.04.093

[13] Khan, Tareq Hasan, and Khan A. Wahid. "An advanced physiological data logger for medical imaging applications."
EURASIP Journal on Embedded Systems 2012 (2012): 1-14. https://doi.org/10.1186/1687-3963-2012-10

[14] Jena, Swarna Prabha, Shanaz Aman, and Rupanita Das. "Computerized green house data acquisition system using
arduino with LabVIEW." International Journal of Advanced Research in Electrical, Electronics and Instrumentation
Engineering 4, no. 4 (2015): 2350-2357.

[15] Pradeep, K. P. J., K. Sai Prasad Reddy, D. Hanumesh Kumar, K. Nagabhushan Raju, and C. Nagaraja. "Monitoring of
temperature and humidity using LIFA." International Journal of IT, Engineering and Applied Sciences Research 3, no.
6 (2014): 1-3.

[16] Karami, Majid, Gabrielle Viola McMorrow, and Liping Wang. "Continuous monitoring of indoor environmental
quality using an Arduino-based data acquisition system." Journal of Building Engineering 19 (2018): 412-419.
https://doi.org/10.1016/j.jobe.2018.05.014

[17] Carre, Andrew, and Terence Williamson. "Design and validation of a low cost indoor environment quality data
logger." Energy and Buildings 158 (2018): 1751-1761. https://doi.org/10.1016/].enbuild.2017.11.051

[18] Singh, Nungleppam Monoranjan, and Kanak Chandra Sarma. "Design and development of low cost pc based real
time temperature and humidity monitoring system." arXiv preprint arXiv:1207.3433 (2012).

[19] Ross, P-S., Alexandre Bourke, and Bastien Fresia. "A multi-sensor logger for rock cores: Methodology and
preliminary results from the Matagami mining camp, Canada." Ore Geology Reviews 53 (2013): 93-111.
https://doi.org/10.1016/].oregeorev.2013.01.002

54


https://doi.org/10.1016/j.enbuild.2015.02.042
https://doi.org/10.1016/j.enbuild.2015.02.043
https://doi.org/10.1021/jf102697b
https://doi.org/10.1016/j.buildenv.2014.11.037
https://doi.org/10.1371/journal.pone.0118207
https://doi.org/10.1109/ICEPE.2014.6969864
https://doi.org/10.1016/j.compag.2018.08.002
https://doi.org/10.1016/j.egypro.2018.04.093
https://doi.org/10.1186/1687-3963-2012-10
https://doi.org/10.1016/j.jobe.2018.05.014
https://doi.org/10.1016/j.enbuild.2017.11.051
https://doi.org/10.1016/j.oregeorev.2013.01.002

Journal of Advanced Research in Fluid Mechanics and Thermal Sciences
Volume 114, Issue 1 (2024) 43-55

[20]

[21]

[22]

(23]

[24]

[25]

(26]

Komolafe, C. A. "Development of Numerical and Experimental Cocoa-Beans Solar Dryer." PhD diss., Ph. D. thesis,
Federal University of Agriculture, Abeokuta, Nigeria, 2019.

Komolafe, Clement A., Mufutau A. Waheed, Sidikat I. Kuye, Babatunde A. Adewumi, lyiola O. Oluwaleye, and
Tajudeen M. Adeniyi Olayanju. "Sun drying of cocoa with firebrick thermal storage materials." International Journal
of Energy Research 44, no. 8 (2020): 7015-7025. https://doi.org/10.1002/er.5364

Komolafe, Clement A., Mufutau A. Waheed, Sidikat |. Kuye, Babatunde A. Adewumi, and Akinfoye O. Daniel
Adejumo. "Thermodynamic analysis of forced convective solar drying of cocoa with black coated sensible thermal
storage material." Case Studies in Thermal Engineering 26 (2021): 101140.
https://doi.org/10.1016/j.csite.2021.101140

Komolafe, Clement A., Mufutau A. Waheed, Chidozie Ezekwem, and Ching L. Hii. "Numerical Analysis of Three-
Dimensional Heat and Mass Transfer in Cocoa Beans Under a Solar Drying Condition With a Thermal Storage
Material." Journal of Thermal Science and Engineering Applications 14, no. 7 (2022): 074501.
https://doi.org/10.1115/1.4052454

Komolafe, Clement A. "Numerical simulation of the 3D simultaneous heat and mass transfer in a forced convection
solar drying system integrated with thermal storage material." Journal of Solar Energy Engineering 145, no. 5
(2023). https://doi.org/10.1115/1.4062484

Komolafe, Clement Adekunle, and Mufutau Adekojo Waheed. "Design and fabrication of a forced convection solar
dryer integrated with heat storage materials." In ACSM, wvol. 42, pp. 23-39. 2018.
https://doi.org/10.3166/acsm.42.22-39

Komolafe, Clement A., and Clinton E. Okonkwo. "Design, fabrication, and thermal evaluation of a solar cooking
system integrated with tracking device and sensible heat storage materials." Frontiers in Energy Research 10 (2022):
821098. https://doi.org/10.3389/fenrg.2022.821098

55


https://doi.org/10.1002/er.5364
https://doi.org/10.1016/j.csite.2021.101140
https://doi.org/10.1115/1.4052454
https://doi.org/10.1115/1.4062484
https://doi.org/10.3166/acsm.42.22-39
https://doi.org/10.3389/fenrg.2022.821098

