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Abstract

Introduction:Drying is performed for various purposes, including preventing spoilage, reducing volume, facilitating
packaging and storage, and enabling easier transportation. There are several drying methods, both natural and
artificial. One widely used artificial method is spray drying. Spray dryers are commonly employed in the production
of materials such as milk powder, dairy powders, coffee powder, and fruit powders. Spray drying has also been
reported as an effective method for producing potato starch for various applications in both food and non-food
industries. This method involves removing moisture from a solution using heated air. The spray drying process
consists of several key steps: atomizing the solution, transforming the droplets into dry particles, and collecting the
particles within the drying chamber. For each product type, the drying parameters must be carefully optimized to
achieve the desired characteristics of the resulting powder. To determine the optimal drying parameters for each
product, specific research has been conducted using both experimental and simulation methods. Studies have shown
that the input parameters—such as the properties of the injected solution and the characteristics of the hot air
introduced into the spray dryer—have a direct impact on drying quality. These parameters must be optimized based
on the desired properties of the final dried powder. On the other hand, due to the high cost associated with
experimental tests for optimizing the effect of input parameters on the drying process within the chamber, many
studies have employed simulation approaches using software and CFD methods.

Materials and methods: The effect of mass flow parameters of solution in six levels 10%10-3, 15*10%, 20*1073,
25*107%, 30*10° and 35*10° kg/s and the size of the particles sprayed in three levels 50, 100 and 150 pm on the
distribution of pressure, velocity and temperature of the particles inside the drying chamber were investigated.
Given that both liquid and gas phases enter the dryer, the simulation was conducted as a two-phase (liquid-gas)
flow using the Euler-Euler approach. In this model, the milk was treated as a fluid with constant thermophysical
properties, injected into the chamber and dispersed in the air as a separate phase. ANSYS Fluent 18 software was
used in this study to perform the CFD simulations. The optimal conditions for milk drying were determined by
analyzing various contours and graphs related to pressure, velocity, and temperature. The geometry of the problem
was drawn in 3D. The spray dryer was modeled with a cylindrical chamber having a diameter of 60 cm and a
height of 90 cm, including a conical section with a height of 40 cm. The wall of the drying chamber was assumed
to be thermally insulated, with zero heat flux. Boundary conditions included a velocity inlet at the top of the dryer
and a pressure outlet at the bottom, with the gauge pressure set to zero. A no-slip condition was applied to all
chamber walls. For better convergence, the second-order upstream method was used in the momentum and energy
equation. The convergence criteria for the simulation were set to 1076 for the momentum, axial velocity, and radial
velocity equations, and 107° for the energy equation.

Results and discussion: The pressure distribution along the vertical axis of the dryer chamber indicated that
increasing the mass flow rate of the inlet air from 0.01 kg/s to 0.035 kg/s led to a rise in internal pressure.
Conversely, increasing the diameter of milk particles from 50 pum to 150 um resulted in a decrease in chamber
pressure. Additionally, increasing the mass flow rate of milk from 0.01 kg/s to 0.035 kg/s caused an increase in
particle velocity. Given that the dimensions of the inlet opening for the solution were assumed to remain constant
during the simulation, the relationship Q=AxV indicates that an increase in the inlet flow rate resulted in an
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increase in particle velocity. The maximum observed increase in particle speed was 15.5%. Increasing the
diameter of the particles from 50 um to 150 pum resulted in an increase in particle velocity. As the particle diameter
increased, the weight force of the particles also increased, creating a stronger flux of movement. This enhanced
movement flux led to a rise in particle velocity, with a maximum increase of 28.6%. Analyzing the temperature
of the particles at different mass flow rates revealed that as the mass flow rate of the inlet solution increased, both
the temperature inside the chamber and the temperature of the particles decreased. Additionally, increasing the
particle size from 50 um to 150 pm led to a reduction in the temperature of the dried particles, with a 3% decrease
in the temperature of the particles at the outlet.

Conclusions: The simulation results indicated that increasing both the milk mass flow rate and the diameter of the
particles led to an increase in particle velocity and a decrease in both the chamber temperature and the temperature
of the outlet particles. Additionally, increasing the diameter of the milk particles caused a reduction in the chamber
pressure, whereas an increase in the milk mass flow rate resulted in an increase in the chamber pressure.
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Table 1. Mesh Independence Test from Grid layout

O

Mesh number Number of node Number of elements Outlet temperature (K) | Relative difference
1 43251 6752 325.25
2 44120 6941 324.36 0.0027
3 44973 7385 323.79 0.0017
4 45672 7867 323.37 0.0013
5 46189 8159 323.05 0.0009
6 46756 8477 322.81 0.0007
Mesh Metric QOrthogonal Quality
[ Min 0.24524
[ ] Max 0.99559
[ ] Average 0.86571
[ | standard Deviation |8.07e-002
Mesh Metric Skewness
[ Min 7.95632-007
[] Max 0.8154
[] Average 0.21476
[ | standard Deviation |0.11402
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Fig 3. Quality of used mesh
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Table 2. Summary of statistical analysis table (mean square) of pressure, velocity, temperature and humidity indices of particles

Source of changes DF Pressure Velocity Temperature Moisture
Particle size 2 165.92™ 2941/92™ 357/54™ 87/3"™
Solution flow rate 5 159.62"" 2578/35™ 218/75™ 34/19*
Particle sizex Solution flow rate 10 5.64" 2659/21* 35/42** 43/37

**: Indicates significance at the 1% level.
ns: Indicates non-significance.
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