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Abstract 

Simulation of the drying air and the spray of liquid in the spray dryer chamber with Discrete Phase Material 

(DPM) and Discrete Random Walk (DRW) was presented in this study using CFD methods to analyze the 

drying liquid. The main problem in spray drying is the adhesion of the material to the drying chamber walls, 

which causes uneven drying material. This adhesion can slow down the drying process and reduce productivity. 

The design of the drying air inlet into the drying chamber becomes essential to research. Variations in the 

position of the drying air inlet into the drying chamber are carried out in the 3D spray dryer room to see the 

mechanism of the centrifugal velocity of the drying airflow, which can improve uniform mixing with flow 

resistance due to friction with small walls and the drying air velocity. This phenomenon is impossible to observe 

in experiments. A geometric model consisting of 1,054,000 hexa-mesh elements at the area around the nozzle, 

the top spot of the chamber and the remaining area covered with a tetrahedral mesh, was determined to predict 

velocity, temperature, and fluid flow behavior. The first position, the dryer air inlet, is at an angle from the 

diameter of the spray drying chamber. The second position is in the middle of the diameter of the drying 

chamber. The position of the first inlet produces a more even temperature contour with a more tangential 

velocity due to the small frictional resistance with the walls. At the same time, the second position is not 

recommended because the flow leads to one side of the wall and creates sticking and even material buildup. A 

double-heated condenser can dry air at moderate temperatures, and it is a very effective drying product—

positioning the dryer air inlet into the drying chamber, achieving the economical production of high-quality 

products. 
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1. Introduction 

Spray-dryers have been known since 1870. 

Spray-dryers are generally used in the 

pharmaceutical, chemical, and food industries for 

drying[1]. The dryer changes the liquid phase of the 

material to be dried with drying air[2] into a vapor 

phase and then removes water vapor in the liquid 

material to become dry powder[3]. Dryers can reduce 

or eliminate microbial growth on the material by 

reducing the water content[4]. 

Several things that the researcher did before in 

determining dryer product quality as inlet drying 

temperature[5–7], feed flow rate[8], ambient 

temperature and relative humidity[9], Feed 

Concentrated [9], Atomization speed[6, 10–12], Inlet 

air velocity and pressure operation as well as outlet 

temperature[13], and droplet diameter[14].  

In addition to the seventh thing above, it can also 

be done by constructing the drying air inlet hole 

connected to the drying chamber to increase the effect 

of swirling flow in the material drying chamber.  

The practical structure of the air-liquid junction 

mechanism, which is more efficient in producing dry 

powder, is urgently needed and has yet to be studied. 

Measurement of airflow, temperature, particle size, 

and humidity in the drying chamber is challenging 

and expensive to perform in large-scale dryers. 

Previously, researchers had conducted 

experiments with double condensers from the 

refrigeration system[3]. The humidity of the air that 

will enter the heater room has been successfully 

reduced to increase the quantity of the product. 

Understanding particle collisions in the drying 

chamber is essential to study because it affects the 

quality of the final product.  

A 3D CFD model of the agglomeration of 
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droplets and particles in a counter-current spray-

drying process has been studied[15]. Experimental 

numerical methods in kinetic drying show similar 

results[16]. The CFD is software that can predict 

drying phenomena in numerical analysis, as many 

researchers have done[1, 3]. For turbulent and 

economical model analysis, CFD analysis with k-ε is 

used[14], while to predict a more accurate flow field 

in the spray dryer process, the RSM method is 

used[15, 16]. Discrete Phase Material (DPM) is a 

model of material particles in the form of a ball, as a 

droplet or bubble followed by a type of impact, as 

Discrete Random Walk (DRW) methods that will 

occur between the material particles and the walls 

designed in the simulation.  

In order to increase the efficiency of the drying 

process in the drying chamber, the effect of the 

position of the drying air inlet in the drying chamber 

will be investigated. Spray drying converts liquid 

food into a dry particulate form by spraying the food 

material into a hot drying medium. It provides an 

overview of the spray dryer machine with heating 

from the heater and exhaust heat from the condenser 

in the refrigeration system. The spray dryer machine, 

with a combination of heating from the heater and 

exhaust heat from the condenser in the refrigeration 

system, has answered concerns about the effect of 

high ambient air humidity when drying materials. Dry 

air with low humidity can increase the flow rate of 

compressed air. Increasing the drying airflow rate in 

the drying chamber can reduce the mean spray droplet 

size[15]. This method is better than shrinking smaller 

particles. As the particles shrink, a narrower spray 

cone is formed, and air may not penetrate the center 

of the spray pattern until the droplet has traveled a 

considerable distance from the nozzle. In addition, it 

reduces the mixing of the material with the hot air, 

thereby reducing the drying rate. 

Although modifications to the spray dryer as 

described above have been made, the quality of the 

product is greatly influenced by the drying conditions. 

The thermal damage to the product during direct 

drying is highly proportional to the drying 

temperature and the residence time of the particles in 

the drying chamber. In addition, droplets and dry 

powder adhere to the dryer wall due to the sugar-

drying solution[7]. Adhesion and subsequent 

deposition of the material on the dryer's surface are 

still considered severe problems encountered in 

industrial spray drying.  

Various means of dealing with such products 

have been investigated over the years, such as the 

addition of a drying aid (maltodextrin), cooling the 

walls of the drying chamber, and the entry of 

atmospheric air near the bottom section, enabling the 

transport of powder to a collector that has 

atmospheric humidity. Masters et al. modified the 

jacketed wall for air conditioning, but it caused an 

increase in the relative humidity of the air close to the 

wall surface[8]. 

The drying chamber's airflow, temperature, 

particle size, and humidity measurement is tough and 

expensive to perform in large-scale dryers. CFD can 

be a helpful tool for predicting gas flow patterns and 

particle phenomena such as temperature, velocity, 

residence time, and collision position with 3D images. 

CFD modeling has been widely used for drying 

processes to study heat and mass transfer[7] 

simultaneously. Although the simulation of complex 

transport phenomena occurring in the spray dryer 

cannot be modeled with high accuracy, the results are 

still helpful in guiding the design and operation of the 

spray dryer when combined with empirical 

experience. CFD method to investigate airflow 

patterns, temperature, and humidity profiles at 

various positions in the spray drying chamber. It 

should be noted that the drying process is controlled 

by two critical factors: the convection heat transfer 

coefficient, which is directly related to the air 

velocity, and the residence time in the drying 

chamber[19]. 

Previous research[2] has shown how the product 

quantity is increased by accelerating the drying air 

flow rate and how the product does not stick to the 

wall by maintaining the relative humidity along the 

outer wall of the drying chamber. However, there is 

an unresolved problem related to the tangential 

velocity of the drying air in the drying chamber, 

which can result in a more uniform flow throughout 

the drying chamber and a longer residence time for 

the particles to mix with the liquid material in the 

drying chamber.  

This study focuses more on the results of the 

drying simulation in the drying chamber, where two 

variations of the inlet from the drying air to the drying 

chamber are made. The effect of the inlet position was 

analyzed and discussed in order to minimize friction 

with the drying chamber walls. The results can be 

seen in the 3D view of the drying chamber to 

investigate which parts can reduce the number of 

material particles attached to the wall as expected 

before the experimental step is conducted. 

The study aims to get a better effect on the 

positions of the drying air inlet in the drying chamber. 

For this reason, the following objectives are 

accomplished; (1) Comparing the position of the 

drying air inlet into the drying chamber from 

variations that can create airflow with a more 

incredible tangential velocity of rotating dryer 

airflow, (2) Analyzing temperature distribution  
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between inlet position variations. 

 

2. Numerical Simulation and Procedures  

 

2.1 Initial Data for Simulation 

In the early stages of the simulation, the meshing 

process must be done after the image is created. The 

mesh must cover the spray dryer drying chamber's 

top, bottom, and middle with the appropriate netting 

quality. This simulation was conducted at a constant 

temperature and flow rate of 60 °C and 0.003 kg/s, 

respectively. The temperature of 60 °C is set because 

it is the lowest temperature representing a safe 

temperature for drying food or heat-sensitive 

materials. 

The measuring point placement in the drying 

chamber is distributed in 10 simulation points, as 

shown in Fig. 1. Fig. 1 and Table 1 show the position 

of the temperature nodes to describe the temperature 

distribution in the y-direction. The node's role is 

described in Table 1, where the coordinate center is at 

the nozzle position. The positions of node 1–4 were 

deliberately arranged close to each other and close to 

the chamber entrance to capture the quality of the 

mixture between dry air and spray nozzle. 

The geometric model for numerical analysis is 

shown in Fig. 2. The variation of the position of the 

drying air inlet in the drying chamber shows 

variations 1 and 2 at the top and bottom of Fig. 2. It 

shows the 3D space of the spray dryer, where the 

droplets interact with the air dryer. Overall, the 

geometry consists of 1,054,000 elements. However, 

not all chamber areas are covered with the same mesh 

type. Some places should be covered with hex mesh, 

especially around the nozzle and the chamber's top 

spot. All areas will be covered with a tetrahedral 

mesh. 

Furthermore, Fig. 2 shows two types of the 

position of the air duct that enters the drying chamber, 

namely type 1, with an inlet from the side of the 

drying chamber, and type 2, which is a channel that 

enters from the center of the drying chamber. 

 

2.2 The Governing Equation of The Continuous 

Phase 

By ignoring the time-derived term, the governing 

equation forms an energy storage term—the net rate 

of energy entering by convection.  

Continuity equation: 

 

 (1) 

 
Table 1. Node position of temperature in y direction 

Node Y (m) Node Y (m) 

1 –0.02 6 –0.14 

2 –0.03 7 –0.2 

3 –0.06 8 –0.3 

4 –0.08 9 –0.4 

5 –0.12 10 –0.86 

 
 
Fig. 1. Geometry mesh in the Drying Chamber 
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Fig. 2. Geometry model from the drying chamber 
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Momentum equation: 

 

 

 

Energy Equation: 

 

 

 

Heat conduction flows in the fluid at a specified 

distance so that the temperature control of the space 

can be seen in particle momentum velocity. The value 

of k is the effective conductivity, and T is the 

temperature. 

The CFD code solves a system of partial 

differential equations with the approach taken for 

droplets as particles called the discrete phase model. 

DPM in CFD code will capture the interaction 

between continuous and discrete phases. Since two 

phases were simulated in the software, continuous 

and discrete, the governing equation will be explained 

hereafter[19]. 

 

2. 3 The Governing Equation of The Discrete Phase 

The Euler-Lagrange governing eq. for the 

trajectory of the particle to solves the balance of 

forces on the particle expressed as follows [19]: 

 

 

 

The standard k–ε model uses a wall function to 

describe the effect of the wall (the relationship 

between Reynolds stress and mean velocity gradient 

and turbulent viscosity) on the average flow 

(turbulent range) and shifts to a low Reynolds number 

formulation at low Re. The standard k–ε model can 

improve the accuracy of rotating flow fast-flowing 

tension and can also handle the problem of low Re 

quite well. 

 

2. 4 Mass and Heat Transfer Between Two Phases 

The evaporation rate between the particles and 

the hot air can be seen in the diffusion gradient in eq. 

(5) and can be seen as follows[19]: 

 

 (5) 

 

The heat transfer between droplets and hot 

air can be represented as follows: 

 

 (6) 

 

Several studies provide prominent comments on 

the use of the turbulent model. Compared to the RSM 

and k-ε model, using k-ε is more economical and 

makes more sense. Because the model gives a slight 

difference in the results regarding speed, temperature, 

and mole fraction[19], this simulation uses a 

realizable k-ε turbulent model based on ANSYS in the 

following. While for equation k, expressed as follow. 

 

  

Gk and Gb are the kinetic energy of the velocity 

gradient and buoyancy, respectively[3]. The 

contribution of dilatation fluctuations incompressible 

turbulence to the overall dissipation rate 

is Ym. Sk and Sε are source terms. Thus, ε equation 

expressed as; 

 

 

 

 (9)

  

The value C1ε and C3ε is a constant defined in 

ANSYS FLUENT. One of the salient features of the 

k-ε realizable model is that the production of k does 

not involve, so the terms Gk are not the same. The 

difference between the standard k-ε and k-ε realized 

models is the destruction term (second term on the 

right) in equation (8). The denominator of the 

destruction term is never zero, but the value of k is 

minimal. The realizable k-ε model is better than the k-

ε attainable model for all the cases.  

Simulations were carried out under steady 

conditions. The turbulent model is realizable k-ε, 

using DPM (Discrete Phase Model) and DRW 

(Discrete Random Walk) to capture the interaction 

between continuous and discrete phases. The speed-

pressure coupling scheme in this simulation is simple. 

There are several assumptions involved, including the 

chamber wall is adiabatic, so there is no energy 

transfer between the wall and the environment, the 

friction between the droplets and the wall is relatively 

small, and the distribution of the spray dryer on the 

nozzle using a Rosin-Rammler distribution[18–19]. 

The DRW Model is a method to predict particle 

trajectories based on statistics. This calculation uses a 

stochastic approach that can be run based on the  
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number of definitions in the simulation. Generally, 

the DRW formula is given in equation (10) in the form 

of integral of time. 

 

 (10) 

 

Equation (10) shows a proportional relationship 

between particle dispersion because the greater the 

value of T, the greater the flow turbulence. When the 

particle tracer is on a small scale, the equation will 

turn into a time integral as follows: 

 

 (11) 

 

 (12)

  

The CL value will be determined in a turbulent 

model, such as using the k-ε model. The 

computational model considered is standard k–ε 

model. The resolution of the mesh around the wall 

depends on the model used in the simulation. 

 

  

  
(a) 

  
(b) 

Fig. 3. Velocity contour at axial position: (a) inlet from 

the side of the drying chamber; (b) duct entering from the 

center of the drying chamber 

   
(a) 

 
(b) 

Fig. 4. Velocity vector inside spray dryer in radial 

position: (a) inlet from the side of the drying chamber; (b) 

inlet from the center of the drying chamber 
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3. Results and Discussion 

 

3.1 Numerical Results of Inlet Position Effect on 

Drying Quality  

The results of the study were discussed 

separately in two parts, which show the difference in 

the quality of tangential velocity and temperature 

distribution. These two values are indicators that the 

drying carried out shows some results that show 

quality improvement in the drying effect. 

 

3.2 Tangential Velocity 

From the simulation, tangential velocity results 

show the effect of positioning the drying air inlet into 

the drying chamber to airflow with a more incredible 

tangential velocity of rotating dryer airflow. The 

velocity contours of the axial plane variations 1 and 2 

are shown in Fig. 4. The air velocity of the dryer and 

the spray nozzle initially has a significant effect near 

the inlet. It gradually decreases as it gets further away 

from the inlet due to pressure loss and friction near 

the wall. In variation 2, the decrease in speed is more 

significant than in variation 1. The velocity at the 

center line was lower because it had more excellent 

resistance. That is, variation 2 has a greater resistance 

in the axial position. The resistance of variation 2 

arises from friction of the walls and the collision of 

dry air with the middle wall in the upper chamber. 
In Fig. 3, the velocity contour at variation 2 is 

more homogenous than variation 1. The tangential 

velocity faded at the outlet due to pressure loss and 

friction near the wall. Fig. 5 shows the tangential 

  
(a) 

  
(b) 

Fig. 5. Comparison of the velocity vector at z=0.05 in 

radial position: (a) inlet from the side of the drying 

chamber;(b) inlet from the center of the drying 

chamber 

 

   
(a) 

   
(b) 

Fig. 6. Comparison of particle track in variation 1 and 

2; (a) inlet from the side of the drying chamber, (b) inlet 

from the center of the drying chamber 
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velocity in the drying chamber with the same result as 

Fig. 3. The tangential velocity will fade at the outlet 

due to pressure loss and friction near the wall. A 

comparison of the tangential velocity vectors between 

variations 1 and 2 at the same height shows that the 

vector in variation 1 is more significant than in 

variation 2. This tangential velocity causes the dry air 

to reach the diameter of the drying chamber and 

produces a rotating flow throughout the drying 

chamber. Variation 1 has a more significant vortex 

motion than variation 2, as shown in the particle's 

trajectory. 

A comparison of the tangential velocity vectors 

between variations 1 and 2 at the same height shows 

that the vector in variation 1 is more significant than 

in variation 2. This tangential velocity causes the dry 

air to reach the diameter of the drying chamber and 

produces a rotating flow throughout the drying 

chamber.  

It can be seen in Fig. 4 that both variations 1 and 

2 have secondary flows. The secondary flow in 

variation 1 is visible after the dry air has fully 

reached the upper chamber's circular path. Whereas 

in variation 2, secondary flow only appears near the 

inlet due to the collision of dry air against the middle 

wall. In variation 2, adjacent streams were pulled by 

an imaginary force that tended to lean to the right of 

the chamber. 

Fig. 5 shows a comparison of variations 1 and 2 

in the trajectory of the spray nozzle particles. In 

variation 1, it is seen that the trajectory of the spray 

nozzle particles has a more significant circular 

motion than variation two because the tangential 

velocity is as described in Fig. 6. Therefore, it will 

increase the mixing process between the drying air 

and liquid material, and the residence time of the 

particles becomes longer. While variation 2, it has a 

smaller tangential velocity than variation 1, thus 

reducing the circular motion. Consequently, the 

quantity of drying products is less, and the residence 

time will be faster. 

Fig. 6 shows a comparison of variations 1 and 2 

in the trajectory of the spray nozzle particles. In 

variation 1, it is seen that the trajectory of the spray 

nozzle particles has a more significant circular 

motion than variation two because the tangential 

velocity is as described in Fig. 5. Therefore, it will 

increase the mixing process between the drying air 

and liquid material, and the residence time of the 

particles becomes longer. While variation 2, it has a 

smaller tangential velocity than variation 1, thus 

reducing the circular motion. Consequently, the 

quantity of drying products is less, and the residence 

time will be faster. 

 

3.3. Temperature Distribution 

The temperature distribution with different inlet 

orientations is shown in Fig. 8. Variation 1 has a more 

uniform temperature than variation two due to less 

inhibition in the axial direction and more significant 

circular motion. A minor inhibition in variation 1 will 

have a more incredible axial velocity and circular 

motion, which supports the mixing process between 

dry air and nozzle spray. 

Meanwhile, the temperature contour of variation 

2 is not uniform because of the dry air resistance in 

the axial position and the small circular motion. The 

effect is on the uneven mixing process. In addition, 

the impact of the collision between dry air and the 

middle wall in variation 2, apart from being a flow 

blocker, appears as secondary flow near the inlet, 

which tends to point to the right side of the drying 

chamber. 

 

 
(a) 

 
(b) 

Fig. 7. Comparison of radial temperature contour 

between variation 1 and 2; (a) inlet from the side of the 

dry room, (b) inlet from the center of the drying chamber 
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Fig. 7 shows the radial temperature in the upper 

chamber. It is shown that a more incredible tangential 

velocity will make the radial temperature more 

uniform because this velocity supports dry air to flow 

along a circular path and reach the entire diameter of 

the spray drying chamber, as described in Fig. 8. This 

evidence will answer why the radial variation of 

contour 2 is not uniform. It shows that the tangential 

velocity significantly affects the mixing process at the 

radial position. 

Furthermore, Fig. 8 in the graph shows how the 

temperature distribution in the drying chamber is. The 

comparison of the chamber temperature distribution 

along the y-direction between variations 1 and 2 is 

shown in Fig. 8. This indicates that temperature 

variation 1 increased significantly than variation 2. It 

implies that the mixture quality between the spray 

nozzle and the dry air is well mixed. However, getting 

further away from the heat source, temperature 

variations 1 and 2 lead to the same pattern: a decrease 

in temperature at node 10. 

 

3.4. Discussion of Experimental Results of Effect of 

Inlet Position on Drying Quality 

The position of the inlet in variation 2 could be 

more efficient, where the inlet in the middle provides 

a significant flow resistance. The radial velocity 

image shows that the flow resistance in variation 1 is 

smaller than in variation 2. So, it has a better radial 

velocity than variation 2. As a result, variation 1 has 

better mixing. As seen in Fig. 4. The velocity contours 

of the two positions initially have a significant effect. 

Significant near the inlet. However, it gradually 

decreases because it is further away from the inlet, 

and the pressure decreases. Besides that, friction 

occurs near the walls of the drying chamber. In 

variation 2, the decrease in speed is more significant 

than in variation 1. Variation 2 has a more significant 

resistance in the axial position. The resistance of 

variation 2 arises from the friction of the walls and the 

collision of dry air with the middle wall from the 

upper room. Fig. 5. shows the tangential velocity will 

fade at the outlet due to pressure loss and friction near 

the wall. The comparison of the tangential velocity 

vector between variations 1 and 2 at the same height 

shows that the velocity vector in variation 1 is more 

significant than in variation 2. This tangential velocity 

produces a rotating flow throughout the drying 

chamber. Variation 1 has a more substantial vortex 

motion than variation 2. This motion had been seen in 

the trajectory of the particle. 

In Fig. 6, both variations have secondary flows. 

The secondary flow in variation 1 is visible after the 

dry air has completely reached the circular path in the 

upper chamber. Whereas in variation 2, secondary 

flow only appears near the inlet due to the collision of 

dry air against the middle wall. In variation 2, 

adjacent streams are pulled by an imaginary force to 

tend to lean to the right side of the chamber, as shown 

in Fig. 8. This illustrates that the product will 

accumulate on the right side of the drying chamber. 

Fig. 8 shows a comparison of variations 1 and 2 

in the trajectory of the spray nozzle particles. In 

variation 1, it shows that the trajectory of the spray 

nozzle particles has a more significant circular motion 

than the second variation. The increase in the 

tangential velocity of the intake air increases the 

velocity increase due to the increase in residence time. 

The increase in the evaporation rate in the drying 

chamber is due to the particle trajectory following the 

airflow, which has a tangential velocity, so larger 

particles remain, which means faster evaporation 

time. Meanwhile, variation 2 has a smaller tangential 

velocity than variation 1, reducing circular motion. As 

a result, the drying product is less, and the residence 

time will be faster. 

A more uniform temperature contour is seen in 

variation 1 than in variation 2 in Fig. 8. Smaller 

resistance in the axial direction and a more significant 

circular motion are shown in variation 1. Axial 

velocity and circular motion are more remarkable in 

variation 1, favoring the mixing process between dry 

air and a more even nozzle spray. 

The temperature contour of variation 2 is not 

uniform because of the dry air resistance in the axial 

position and small circular motion. The effect is on 

the uneven mixing process. It indicates that the 

tangential velocity significantly affects the mixing 

process at the radial position. In addition, the impact 

of the collision between dry air and the middle wall in 

variation 2 other than as a flow blocker, the secondary 

flow appears near the inlet, which tends to lead to the 

 
Fig. 8. Comparison of temperature distribution between 

variation 1 and 2 
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right side of the drying chamber. 

Fig. 8 shows the comparison of the chamber 

temperature distribution along the y direction 

between variations 1 and 2 that temperature variation 

1 increased significantly more than variation 2. It 

implies that the quality of the mixture between the 

spray nozzle and the dry air is well mixed at variation 

1. The material that receives the hot air is 

simultaneously and gradually degraded according to 

its distance from the drying heat source, i.e., at the top 

of the drying chamber. Air and materials will be 

separated in the cyclone chamber. High temperatures 

result in better heat transfer near the nozzles seen at 

nodes 3 and 4. The effect of a strong vortex will be 

better to promote drying near the spray so that it can 

be retained longer at nodes 3, 4, and 5. Particle 

agglomeration begins at point 3, and at the next node, 

product growth crystallizes. The high-velocity re-

entrained particles from the unit indicate continuous 

flow; after that, the particle temperature becomes 

constant at node 10. 

The novelty of this simulation is using a spray 

dryer machine with a combination of heating from the 

heater and exhaust heat from the condenser in the 

refrigeration system.  

So, it is obvious that variation 1 is more 

recommended than variation 2. The limitation of this 

study lies in the number of inlets in the spray dryer, 

which is only one channel. Future research can be 

done with two or three drying air ducts that enter the 

drying chamber. So that there is a centrifugal effect 

that can collide with each other in the middle of the 

drying chamber and can minimize the occurrence of 

splashes of liquid material to the edge of the drying 

chamber. But of course, the numerical analysis will 

be more complex. 

 

4. Conclusions 

Contour and velocity vector simulations of both 

positions of the drying air inlet in the drying chamber 

show the tangential velocity of the drying airflow. 

Variation 1, which offers a more significant increase 

in the tangential velocity of the incoming air, will 

result in a greater increase in the evaporation rate as 

well in the spray dryer. Temperature variation 1 

increased significantly compared to variation 2. It 

implies that the quality of the mixture between the 

spray nozzle and the dry air is well-mixed. However, 

getting further away from the heat source, 

temperature variations 1 and 2 lead to the same 

pattern: a decrease in temperature at node 10. 
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