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Abstract: Traditional fish drying process still has not met the norm of food safety and health terms in accordance with Good 

Manufacturing Practice (GMP). Therefore, it is necessary to design the technology of fish drying process efficiently for healthier 

food. This study carried out with the experimental and the simulation methods. The experimental study shows that the final 

moisture content of the fish is below 10% for 6 hours drying (from 9 a.m. to 2 p.m.) using solar fish drying machine. The 

simulation using Computational Fluid Dynamics (CFD) conducted to gain deeper information of heat transfer phenomena. 

Steady state condition that utilizes momentum calculation, energy, continuity, and the radiation equation of S2S (Surface to 

Surface) modeled with the variation of mass of 2 kg and 5 kg. It found that 6 hours of irradiation for 5 kg of fish was not able to 

reach 10% moisture content. However, the 2 kg fish can achieve the expected moisture content with the efficiency of drying 

reaches 19% with a blower speed of 1500 RPM. The variations of 1500 – 1850 RPM blower show linear correlation to the 

efficiency of the solar drying machine. While, the highest efficiency was reached 23% and occurred at 1850 RPM of blower 

speed. 
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1. Introduction 

Nambangan is a fishery area that has fish yields up to 

approximately 1 ton per day during the fish finding from 8 pm 

to 4 am. The work area for the fisherman is the ocean around 

the Madura Strait and its surroundings. The yields are then 

sold to fish collectors in the bulak fish center in fresh 

condition. They are selling fishes in fresh and half-cooked 

conditions. Half-cooked fishes are usually processed through 

drying and fumigation using a conventional method. 

Nowadays, as the development of food drying technology, it is 

necessary to implement our proposed technology. 

The previous drying technology has done by Ekadewi [1], 

which was able to produce a decrease in moisture content up 

to 58.3% with the irradiation condition of 500 W/m
2
 and the 

drying time of 6 hours. Furthermore, research conducted by 

Sukarmanto [2] was able to produce a reduction in moisture 

content up to 64% with the irradiation conditions ranging from 

400 W/m
2
 and the drying time for 3 days. Therefore, the 

author conducted the research to optimize the fish drying 

process with the type of indirect system drying. 

 

Figure 1. Traditional fish drying process in Nambangan. 
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The forced ventilation and solar collector are used. Because, 

based on the research conducted by Kumar [3], it obtained that 

this type has the best efficiency than the other types. The 

drying process using the solar collector assisted with 30 W 

blower. This solar drying machine is also equipped with 

photovoltaic as an energy source for the blower. This 

experimental study has been published [4] and shows that the 

solar collector reduced the drying time up to 4-6 hours faster 

than traditional drying methods with an average solar 

irradiation condition of 1.8 - 844.6 W/m
2
. It also reduced the 

moisture content up to below 10%. Therefore, the drying 

machine can be used three times a day. The final moisture 

content of the dried fish is 3.12% for 3 kg of bulu ayam fish, 

2.07% for 2 kg of bulu ayam fish, and 1.12% for 2 kg of bulu 

menthog fish. 

To optimize the result of the experimental study of the 

drying machine, it is necessary to conduct simulation-based 

study on the effects of fish mass and blower speed variations. 

In addition, the research is potential to save the costs and time 

due to the increase of its efficiency. The simulation process 

consist of the design that using CAD software, meshing, 

determining parameters, and calculation. From the simulation, 

it obtained the temperature contours at each point of the tools. 

Therefore, the analysis of the energy can be carried out to 

optimize the results of the drying process. By doing the 

simulation, it is expected that the level of fish drying 

production can increase. 

2. Drying Process 

Drying is the process of removing volatile substances 

(moisture content) from solids [11]. The process carried out by 

increasing the partial pressure of water vapor of the fish by 

giving heat and increasing the relative humidity of the drying 

air. The ability of the air to carry the moisture out as the 

difference of the partial pressure of water vapor in the air is 

greater. Drying is a complex process of mass and heat transfer 

that depends on the external parameters such as temperature, 

air humidity, velocity of the air, characteristics of the fish 

surface, and the chemical composition of the dried material 

[10]. In the drying process, there is a mass transfer of water 

vapor from the dried material to the drying air. The process 

divided into two stages that are the mass transfer of water 

vapor from the inside to the surface of the dried material and 

the mass transfer of water vapor from the surface of the dried 

material to the drying air. The movement of the water vapor 

from the inside to the surface of the material occurs because of 

the difference of concentration. The concentration of the water 

inside the material is greater than the concentration of the 

water on the surface of the material. Assuming a thin layer, the 

movement of water vapor from the material to the surface can 

be determined by the Fick equation for one-dimensional 

diffusion [7]. The moisture transfer from the surface of the 

material to the drying air takes place by the convection process. 

A certain amount of the steam is needed. So, the mass of the 

water inside the fish can be evaporated. Steam heat can be 

calculated through the equation below: 

Q = mw x U                 (1) 

Where, Q is quantity of energy or heat (Joule), mw is mass 

of the substance (kg), and U is steam heat (Joule/kg). 

The drying process can be described through psychrometric 

charts [8]. The air condition during the drying process can be 

seen on the psychrometric charts. The drying process begins 

with an increase of the temperature from the air due to the 

heating air supplied in the drying chamber. The rising of the 

air temperature can be seen on the psychrometric chart by 

shifting the start point of the air to the right indicated by the 

increase of the air temperature of dry bulb. The next process is 

the mass transfer by evaporating the water content of the fish. 

The evaporation process is indicated by the rising point of the 

heating air condition on the psychrometric chart towards the 

top left. This is as the result of rising water content in the air 

after the process of water evaporation from the product into 

the air. 

Forced convection consists of the heat transfer by the 

convection and conduction process. The heat carried by the 

flow of the fluid is able to enter into the material and the 

process of heat transfer from high to low temperatures can 

occur [9]. The energy carried by the flow of the fluid 

penetrates into the material and heated. It can be calculated 

through the equation below: 

Q = H A (Ts – T)              (2) 

Where: 

Q = Total convection energy (Joule) 

H = Convection coefficient (W/m
2
 K) 

Ts = Surface temperature (K) 

T = Material temperature (K) 

3. Simulation Design 

The design of the fish drying machine is modeled with 

three-dimensional geometry that has been simplified. The 

chamber size in this modeling is in the length (x) of 80 cm, 

width (y) of 60 cm, and height (z) of 120 cm. The dimension 

of the solar collector in this model is 80 cm long, 150 cm wide 

and 20 cm high. The results of the modeling can be seen in the 

figure below. 

 

Figure 2. (a) The design; (b) The meshing. 

The three-dimensional image has also meshed with the 
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tetrahedral-hybrid type as shown in the Figure 2 (b). Mesh 

volume with 0.01 m interval produces 642371 elements. 

Furthermore, the boundary conditions and the types of the 

continuum are given in the table 1 as follows. 

Table 1. Boundary conditions. 

Part of Fish Drying Machine Boundary Condition 

Chamber & Solar Collector Wall Wall 

Collector Glass Wall 

Chamber Glass Wall 

Tray Wall 

Inlet Velocity Inlet 

Outlet Pressure Outlet 

After the boundary conditions are determined, the type of 

the continuum is selected for the volume of the fish drying 

machine and the solid type for the volume of the mattress. 

Then it simulated by mass and heat transfer processing due to 

the phenomena of convection and radiation in the machine. 

The values entered at the boundary conditions are taken from 

the data of temperature measurement and velocity of air flow 

at several represent points. 

4. Result and Discussion 

The completion stage uses a solver with 3DDP (3 

Dimensions Double Precision) method. At this stage, the 

determination of material, calculation of 

physical-mathematical equations, operating conditions, 

boundary conditions, and settlement techniques are carried out. 

The simulation using steady condition consists of physical 

equations such as energy equations, the viscosity of the 

k-omega model, and the Surface to Surface (S2S) radiation 

model. S2S model is chosen because it is suitable for solar 

collectors to convey the heat by the convection. In this study, 

several models are conducted to determine the effect of the 

variations in mass and blower speed. The mass variations 

consist of 1 kg, 2 kg, and 5 kg in a chamber. The blower 

variations are 1500 RPM, 1650 RPM, and 1800 RPM. The 

blower variations are based on the blower specification. There 

are 5 trays in one chamber. The temperature contours as the 

result of the simulation are shown in the figure 3. The 

following data represent the temperature for 6 hours of drying 

time from 9 a.m. to 2 p.m. 

Every tray has a varied temperature represented in the graph 

on Figure 4 with a speed of wind is 0.9 m/s. The highest 

average temperature value of the fish was obtained at 11 a.m. 

This is in accordance with the amount of solar irradiation 

received by the machine. The highest temperature is 36.88°C 

and the minimum temperature is 36.33°C at 2 p.m. for 5 kg of 

fish. The heat transfer process begins with solar radiation that 

enters the fish drying machine, then continued with the 

conduction process through the iron plate resulting of the 

convection process in the machine. The drying process 

assisted by a fan to increase the heat moving rapidly. Losses 

have occured from the heat transfer process, it is necessary to 

calculate heat entering the fish through an evaporation process 

that is able to evaporate the water mass in the fish. From the 

figure 5 below, it can be seen that the drying rate increased as 

the decreasing of the mass. 

 

(a) 

 

(b) 

Figure 3. Contours of temperature (a) Environment; (b) Fish. 

 

Figure 4. Fish temperature at 0.9 m/s wind speed. 

Optimization aims to make this machine work optimally. 

Therefore, it needs to increase the blower speed variations of 

1650 RPM and 1800 RPM. From the figure 6, it can be seen 

that if the speed increases then the temperature will also 

increase. This is in accordance with the theory of kinetic gas 

that explains the relationship between speed and temperature 

is comparable, because the particles in a certain room move 
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faster due to the speed increase. After finding out the 

temperature value at each speed, it was obtained the efficiency 

of 23.89% and 23.23% for the speed of 1650 RPM and 1850 

RPM respectively. 

 

Figure 5. Drying rate. 

 

Figure 6. Blower speed variations. 

5. Conclusion 

From the experimental test we have done [4], the fish will 

be suitable for consumption if the moisture content of the fish 

is below 10% and the mass of fish water evaporated 

approximately 50% of the mass of wet fish. From the 

simulation, it is obtained the error values of the decrease in 

water vapor mass are 4.3% and 13.2% respectively for the 

mass variations of 2 kg and 5 kg. Therefore, for the mass of 5 

kg is overloaded because it has an error above 10%. The fish 

drying machine has the blower speed of 1500 RPM and is able 

to release the heat of 82 W with an efficiency of 19%. To 

optimize the machine, it needs to increase the blower speed up 

to 1650 RPM and 1800 RPM for the mass of 2 kg, so this 

machine is able to release the heat of 89.11 W and 89.95 W 

and has the efficiency of 23%. 
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