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In the transportation of skipjack tuna to various destination countries, it is crucial to 
ensure that the skipjack tuna persists and remains of high quality. This study aims to 
analyse the airflow distribution inside the reefer container with the cargo load of 
skipjack tuna. The analysis carries out the computational fluid dynamics method to 
obtain appropriate airflow settings and investigate the temperature distribution inside 
reefer containers. The designed reefer container is 40ft with detailed structural 
variables of the T-bar and flat floor.  The simulation result shows reefer containers that 
use the T-bar floor provide offer a thorough airflow distribution to cooling pallet stacks 
with full load conditions. The finding of the simulation results is the airflow rate of 5 
m/s and the inlet temperature of -6°C will provide optimal cooling distribution. 
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1. Introduction 

 
Tuna and skipjack are types of fishery resources that are used for local consumption and export 

commodities, with the second largest export value after shrimp [1]. Based on data from the 
Indonesian Central Statistics Agency, exports of tuna and skipjack in March 2020 were recorded at 
USD 176.63 million [2]. However, fish is a highly perishable commodity. Fresh fish spoils faster than 
meat, so that this decay will greatly affect the protein content of the fish [3]. 

In the process of distributing fish using ships, there is a reefer container to accommodate pre-
cooling, storage, handling at the distribution center to the landing site [4]. The process of distributing 
air evenly in the reefer container is particularly important to ensure even cooling of the fish in the 
reefer container [5]. The heat source in the cooling process inside the reefer container comes from 
the fan motor, heat infiltration or heat infiltration from outside, and solar radiation [6]. If the 
temperature inside the reefer container cannot be controlled properly, it can be ascertained that 
there will be an increase in hot air [7].  Environmental factors will affect the energy consumption of 
a refrigerator [8, 9]. The increase in outdoor temperature and heat source from solar radiation will 
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increase power consumption [10, 11]. Several studies have been conducted to improve energy 
efficiency in open refrigerators during the day [12, 13]. In addition, chilling injury / hotspot due to 
non-uniform cooling causes loss of quality in fish in the reefer container [14]. 

Therefore, controlling the air temperature in the reefer container is particularly important to 
maintain the quality of skipjack tuna and reduce losses. However, to control the temperature in the 
reefer container, there are several factors, including external climatic conditions, insulation, thermal 
reefers, product respiration rate, and the air circulation cycle of the reefer container design, 
packaging design and arrangement of packaging arrangement in the reefer container [15]. When 
using experimental methods to deal with these factors, it is certain that it will take long time 
experiments. Thus, using the Computational Fluid Dynamics (CFD) method is the main method of 
choice to visualize the spatial, temporal resolution of airflow, and temperature distribution with an 
acceptable level of accuracy [16]. 

In the application of the CFD method on reefer containers [17, 18], there are several aspects that 
need to be considered, one of which is the placement of the skipjack tuna which is formed in packages 
on pallets. Another thing that needs to be considered is the area inside the pallet fish packaging to 
the wall requires a perfect arrangement, this aims to avoid cells or tilted arrangements. Thus, the 
actual geometry of the arrangement will be made into a porous medium housing. In this case, skipjack 
tuna will be stacked which is simplified into a medium consisting of a solid phase and a fluid phase 
with a constant volume fraction in time and space. Using this approach has the benefit of managing 
computing power requirements so that it can complete airflow and heat transfer in the 
characteristics of reefer containers that will later be packaged. For the porous domain, a model of 
thermal equilibrium between the solid phase and the fluid phase will be achieved for each corner of 
the reefer container having the same solid temperature as the fluid temperature. Thus, using a zonal 
porous approach can delineate the area within the refrigeration facility. Then, positioning and 
stacking pallets will affect the distribution of airflow [19]. 

In accordance with the explanation contained in the background, the problem that will be 
brought up in this research is how the application of CFD in the design of the reefer container model 
can provide stable cooling results by taking into account temperature factors, time differences, 
external factors, namely ambient temperature, solar radiation, flow velocity varying air quality, 
application of porous media on skipjack tuna packaging. Then, the results obtained from the 
simulation model on CFD can later be compared with experimental measurement data and 
simulations that have been carried out on the Reefer Container under full load conditions. 

This study aims to analyze the airflow distribution inside the reefer container with the cargo load 
is skipjack tuna. The analyze using the CFD simulation method to obtain optimum airflow results in 
reefer containers and the distribution value to be applied to reefer containers. The scope of the 
research is setting the CFD model on the reefer container by considering the nature of production, 
operational parameters, and solid packaging design parameters. study the effect of various 
operational parameters on the reefer container. The contribution of the results of this final project 
is to provide knowledge related to model design with CFD simulation on reefer containers that are 
effective when designing or implementing the model. 

 
2. Methodology  

 
The research conducted in this simulation uses the Computational Fluid Dynamics (CFD) method 

using Fluent [20]. The CFD simulation can analyze the air flow conditions and air temperature inside 
the reefer container to produce the right setting values for the temperature and air velocity. Figure 
1 describes the work process of this research. The reefer container used in the simulation model has 
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a total length of 12.2 meters, a total width of 2.4 meters, and a total height of 2.8 meters. Meanwhile, 
the interior is 11.5 meters long, 2.2 meters wide and 2.5 meters high. The geometry of the reefer 
container used as the case in the simulation is shown in Figure 2.  

 

 
Fig. 1. Flowchart diagram of CFD simulation of reefer container 

 

 
Fig. 2. The geometry of reefer container for the simulation model 
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For the outer layer of the reefer container made of aluminum, it is intended as a barrier layer of 
water vapor from the outside air into the reefer container. The insulation layer has a polyurethane 
base material, aiming to prevent heat from entering from the outside or the leakage of cold air from 
the inside. Cooling in the reefer container, the air passes through the bottom of the reefer and the 
air returns to the reefer at the top of the cooling unit. 

Boundary conditions and initial parameter settings are shown in Figure 3 and Table 1. The model 
contains a fluid domain bounded by a model containing a fluid domain bounded by reefer walls, 
doors, ceilings, floors, inlet air inlet plates and cooling unit side walls. The fluid domain inlet in the 
calculation is determined from the speed and temperature values measured at the exit from the 
evaporator fan. 

 
Table 1 
Initial parameter setting of simulation model 

Boundary condition Inlet Outlet 

Velocity, v (m/s) 10 m/s 
5 m/s 

- 

Turbulence intensity (𝐼𝑡) 8.56% 
3.86% 

3.87% 
3.87% 

Temperature 271.65 K 282 K 

 

 
Fig. 3. Boundary conditions and initial parameter settings 

 
For the temperature applied to 0°C, when the ship sails, the temperature will rise and fall 

according to the conditions of the sun outside. However, the required temperature for skipjack tuna 
is 3-5°C so that the initial temperature is 3.8°C and maintains that temperature. Initial parameter 
setting is shown in table 1. In the simulation process, the reefer container is carried out with flat and 
T-bar designs. In addition, the validated model is used to evaluate the speed with its variation of 10 
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m/s and 5 m/s, then evaluate the temperature with its variation of 0°C, -3°C, -6°C of the evaporator 
fan in the floor design model T- bar and flat floor. 

 
3. Results and Discussion 

 
In the simulation process, the reefer container is carried out with flat and T-bar designs. In 

addition, the validated model is used to evaluate the speed with its variation of 10 m/s and 5 m/s, 
then evaluate the temperature with its variation of 0°C, -3°C, -6°C of the evaporator fan in the floor 
design model T - bar and flat floor. This discussion is different from the previous research, where the 
simulation process time was up to 7 hours, previously it was only 40 minutes. Then the temperature 
of the outside air temperature fluctuates, previously it was fixed at 18 °C. The results of the simulation 
will get a graph of the air velocity against the height of the reefer container with varying distances. 
Measurements taken refer to variations in height differences, namely 1, 4, 8, and 11 m axially (along 
the X axis) from the inlet side to the door side. 

Figure 4 shows the air velocity in the simulation. Figure 4a is at 1 meter near the inlet region, the 
airflow is more likely to stick to the floor. This is because the air moves horizontally. It is evident from 
the inlet air inlet which is under the cooling unit. Thus, the air flow velocity is more dominant and 
larger on the reefer container floor. Figure 4b is at 4 meters from the inlet side, the air velocity at the 
top is significant. As can be seen from the figure pattern from 4 m to 8 m along the z-axis, the airflow 
pattern is almost the same i.e., higher near the floor, lower in the middle and higher in the upper 
area. Figure 4c is 8 meters from the inlet side, the air velocity at the top is significant along the z-axis, 
the airflow pattern is almost the same, namely higher in the upper area and lower to the floor area. 
Figure 4d is at 11 meters, the highest air flow velocity is at the top. 

 

 
Fig. 4. Variation of inlet speed of flat floor reefer container during empty condition 
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Different things when the conditions in the reefer container already have pallets and their cargo, 
a simulation is carried out on the air flow velocity plot on a flat floor reefer model containing fish 
pallets. Figure 5 shows the inlet velocity profile of a reefer container with a flat floor at full load. From 
the two graphs that have been collected from when it was empty and when it was filled the pallet 
could be seen quite significantly. Because the velocity of the air flow generated in the reefer 
container containing fish pallets is higher in the middle. This is because, the design of the formation 
of the reefer container model is described as having 2 rows of fish pallet stacks. Which is where the 
stack of fish pallets that have been arranged has a gap or barrier between the two rows. Thus, the 
air flow velocity in the center is more likely to be greater than near the floor or at the top of the 
reefer container ceiling. 

 

 
Fig. 5. Inlet velocity profile of a reefer container with a flat floor at full load condition 

 
Figure 6 shows the inlet velocity profile on a reefer container with a T-bar floor at full load. 

Graphic data given that the air velocity from the inlet is 5 m/s and the set temperature is -6 degrees 
with a given load in it, it can be seen from the graph that the highest air velocity value is the one 
approaching the roof of the reefer container. This is because the movement of air is hampered from 
the arrangement of the skipjack cargo on the pallet. 
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Fig. 6. Inlet velocity profile of a reefer container with a T-bar floor at full load condition 

 

Figure 7 shows the temperature distribution of a Reefer container using a T-bar floor with skipjack 
tuna loaded on a pallet. The temperature distribution at 60 minutes is presented. From the contours 
that have been presented, all parts of the reefer container both on the ceiling, refrigeration unit, 
walls, door, and floor have different temperature ranges. From the four contour images above, the 
ceiling area or the top of the reefer container has a high temperature. This is because the area has 
the same direction at the airflow exit at the outlet hole whose position is above the inlet hole. The 
second reason is that the sun is shining at the top so there is a radiation factor given. 
 

 
Fig. 7. Temperature distribution at 60 minutes at full load condition 

 
The inlet's air moves from the bottom to the top. For the part of the fish load that is above the 

pallet, the temperature is stable. However, the temperature inside the load changes slightly, 
especially in the ceiling near the door. This is because the airflow is far from the inlet and passes 
through many piles of cargo on the pallet. In addition, there is the influence of heat generated from 
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the respiration process of fish and solar radiation over time. A reefer container is a type of cargo 
container that has an inbuilt refrigeration unit. The reefer container total power usage will vary 
depending on a variety of external factors. The increase in temperature caused by solar radiation on 
the walls of refrigerated containers has an impact on energy consumption. Furthermore, it necessary 
to consider the stack effect of the refrigerated container.  
 
4. Conclusion 
 

The CFD simulation of the reefer container has been carried out to analyze airflow distribution 
inside the cargo room. A study case of the load condition of skipjack tuna has been carried by two 
different types of floors and cargo load conditions. The simulation result shows the reefer container 
using the T-bar floor provides uniform air flow distribution compare with the flat floor. In the full load 
condition, all parts of the cargo obtained uniform cooling conditions due to vertical flow distribution 
from the T-bar floor. The optimum cooling condition archive at the air flow speed of 5 m/s with inlet 
temperature setting of -6°C. Furthermore, the optimum cooling time of reefer container with cargo 
load of skip jack tuna need to further analysis due according to load variation and environmental 
factors. 
 

Acknowledgement  
The authors would like to be grateful to the Directorate of Innovation and Science Techno Park 
(DISTP) Universitas Indonesia for providing support funds P5 the fiscal year 2022. 

 
References  
[1] Tran, Nhuong, U-Primo Rodriguez, Chin Yee Chan, Michael John Phillips, Chadag Vishnumurthy Mohan, Patrik John 

Gustav Henriksson, Sonny Koeshendrajana, Sharon Suri, and Stephen Hall. "Indonesian aquaculture futures: An 

analysis of fish supply and demand in Indonesia to 2030 and role of aquaculture using the AsiaFish model." Marine 

Policy 79 (2017): 25-32. https://doi.org/10.1016/j.marpol.2017.02.002 

[2] Syam, Zainuri, Vivi Silvia, and Taufiq C. Dawood. "Determinants of Indonesia frozen yellowfin tuna exports to main 

destination countries." Technium Soc. Sci. J. 21 (2021): 893. 

[3] Comi, Giuseppe. "Spoilage of meat and fish." In The microbiological quality of food." pp. 179-210. Woodhead 

Publishing, 2017. https://doi.org/10.1016/B978-0-08-100502-6.00011-X 

[4] Valtýsdóttir, Kristín Líf, Björn Margeirsson, Sigurjón Arason, Hélène L. Lauzon, and Emilía Martinsdóttir. "Guidelines 

for precooling of fresh fish during processing and choice of packaging with respect to temperature control in cold 

chains." Skýrsla Matιs (2010): 40-10. 

[5] Berry, Tarl M., Thijs Defraeye, Alemayehu Ambaw, Corné J. Coetzee, and Umezuruike L. Opara. "Exploring novel 

carton footprints for improved refrigerated containers usage and a more efficient supply chain." Biosystems 

Engineering 220 (2022): 181-202. https://doi.org/10.1016/j.biosystemseng.2022.06.001 

[6] Kan, Ankang, Tongzhou Wang, Wenbing Zhu, and Dan Cao. "The characteristics of cargo temperature rising in 

reefer container under refrigeration-failure condition." International Journal of Refrigeration 123 (2021): 1-8. 

https://doi.org/10.1016/j.ijrefrig.2020.12.007  

[7] Kerbel, Eduardo. "Refrigerated Transportation in Marine Containers and Cold Chain Transport Logistics." In Cold 

Chain Management for the Fresh Produce Industry in the Developing World, pp. 99-116. CRC Press, 2021. 

https://doi.org/10.1201/9781003056607-10 

[8] Budiyanto, Muhammad Arif, and Takeshi Shinoda. "Stack effect on power consumption of refrigerated containers 

in storage yards." International Journal of Technology 8, no. 7 (2017): 1182-1190. 

https://doi.org/10.14716/ijtech.v8i7.771 

https://doi.org/10.1016/j.marpol.2017.02.002
https://doi.org/10.1016/B978-0-08-100502-6.00011-X
https://doi.org/10.1016/j.biosystemseng.2022.06.001
https://doi.org/10.1016/j.ijrefrig.2020.12.007
https://doi.org/10.1201/9781003056607-10
https://doi.org/10.14716/ijtech.v8i7.771


CFD Letters 

Volume 16, Issue 2 (2024) 67-75 

75 
 

[9] Budiyanto, Muhammad Arif, and Takeshi Shinoda. "An investigation of thermal stratification in refrigerated 

container yards." Case Studies in Thermal Engineering 21 (2020): 100703. 

https://doi.org/10.1016/j.csite.2020.100703 

[10] Budiyanto, Muhammad Arif, Sunaryo Sunaryo, Firman Ady Nugroho, Buddi Wibowo, and Takeshi Shinoda. 

"Estimated of energy saving from the application of roof shade on the refrigerated container storage yard." Journal 

of Advanced Research in Fluid Mechanics and Thermal Sciences 46, no. 1 (2018): 114-121. 

[11] Budiyanto, Muhammad Arif, and Takeshi Shinoda. "The effect of solar radiation on the energy consumption of 

refrigerated container." Case studies in thermal engineering 12 (2018): 687-695. 

https://doi.org/10.1016/j.csite.2018.09.005 

[12] Saengsikhiao, Piyanut, Juntakan Taweekun, Kittinan Maliwan, Somchai Sae-ung, and Thanansak Theppaya. 

"Improving Energy Efficiency in the Supermarket by Retrofitting Low E Glass Doors for Open Refrigerated." Journal 

of Advanced Research in Applied Sciences and Engineering Technology 20, no. 1 (2020): 11-17. 

https://doi.org/10.37934/araset.20.1.1117 

[13] Budiyanto, Muhammad Arif, and Takeshi Shinoda. "Energy efficiency on the reefer container storage yard; an 

analysis of thermal performance of installation roof shade." Energy Reports 6 (2020): 686-692. 

https://doi.org/10.1016/j.egyr.2019.11.138 

[14] Pandiselvam, R., V. Prithviraj, Anjineyulu Kothakota, Anu Suprabha Raj, Manoj Kumar Pulivarthi, and Kaliramesh 

Siliveru. "Numerical Methods and Modeling Techniques in Food Processing." Handbook of Research on Food 

Processing and Preservation Technologies: Volume 3: Computer-Aided Food Processing and Quality Evaluation 

Techniques (2021): 221. https://doi.org/10.1201/9781003184591-14 

[15] Budiyanto, Muhammad Arif, and Takeshi Shinoda. "Thermal simulation of the effect of solar radiation on the 

temperature increases on the refrigerated container walls." International Journal of Sustainable Engineering 14, 

no. 5 (2021): 1229-1238. https://doi.org/10.1080/19397038.2020.1863501 

[16] Eakvanich, Visit, Wassachol Wattana, and Juntakan Taweekun. "Performance Improvement of the Domestic 

Refrigerator Using Phase Change Materials." Journal of Advanced Research in Fluid Mechanics and Thermal 

Sciences 95, no. 2 (2022): 20-28. https://doi.org/10.37934/arfmts.95.2.2028 

[17] Umeno, Yuta, Duong Van Hung, Fumihiko Tanaka, Daisuke Hamanaka, and Toshitaka Uchino. "The use of CFD to 

simulate temperature distribution in refrigerated containers." Engineering in agriculture, environment and food 8, 

no. 4 (2015): 257-263. https://doi.org/10.1016/j.eaef.2015.03.002 

[18] Budiyanto, Muhammad Arif. "Effect of Variation Inlet Velocity to the Cooling Speed Capacity Inside a Refrigerated 

Container." Journal of Advanced Research in Numerical Heat Transfer 2, no. 1 (2020): 14-20. 

[19] Praeger, Ulrike, Reiner Jedermann, Marc Sellwig, Daniel A. Neuwald, Ingo Truppel, Holger Scaar, Nico 

Hartgenbusch, and Martin Geyer. "Influence of room layout on airflow distribution in an industrial fruit 

store." International Journal of Refrigeration 131 (2021): 714-722. https://doi.org/10.1016/j.ijrefrig.2021.06.016 

[20] Ansys (2020) Ansys Fluent: Fluid Simulation Software 

  

https://doi.org/10.1016/j.csite.2020.100703
https://doi.org/10.1016/j.csite.2018.09.005
https://doi.org/10.37934/araset.20.1.1117
https://doi.org/10.1016/j.egyr.2019.11.138
https://doi.org/10.1201/9781003184591-14
https://doi.org/10.1080/19397038.2020.1863501
https://doi.org/10.37934/arfmts.95.2.2028
https://doi.org/10.1016/j.eaef.2015.03.002
https://doi.org/10.1016/j.ijrefrig.2021.06.016

