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ABSTRACT: Spry dryers are one of the most functional types of dryers in chemical, pharmaceutical and 
food industries. In recent years, various studies have been conducted on the development of essential 
parts used in spray dryers in order to improve quality of the processed products. Of among unique 
properties of spray dryers, automatic continuous operation, rapid drying and manufactured products with 
desired size and density can be referred. The aim of this study was to investigate the dryers’ applications 
and performance, various essential parts including heating systems, atomizer, drying tower and recovery 
system as well as to classify the dryers based on the flow type, the stage number(s) and the cycle types. 
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INTRODUCTION 

 
 Spray drying is a process of suspending sprayed liquid particles and moisture removal by hot air leading to 
produce high quality products. The high quality of the spray-dried products is due to the protection of the 
suspended particles through evaporative cooling during the process. Spray dryers are commonly used for powder 
production of some products such as milk, coffee, tea, egg, enzymes, whey protein, fruits and vegetables extracts, 
ceramic materials, dyes and detergents. The dryers are one of the most functional types of dryers (Vicente et al., 
2013). 
 During recent years, the need for reduction in weight and volume of food products has led to significant 
developments in the design of spray dryers. These dryers increase surface to volume ratio of the liquid particles 
and consequently enhance the heat and mass transfer during the drying process. Of among other advantage of 
spray dryers, continuous operation, full automatic control system, rapid drying, reduced corrosion problems and 
manufacture of products with desirable size and density can be referred. However, their main disadvantages 
include high installation costs and removal of aromatic volatiles (Vicente et al., 2013). 
 Today, application of spray dryers in different industries is growing more than ever. For example, preparation 
and processing of medicinal and food microcapsules with the aid of spray dryers is one of these recent advances 
(Frascareli et al., 2012; Borrmann et al., 2013; Estevinho et al., 2013). Microencapsulation is a high throughput 
process by which the particles or droplets are coated with organic or mineral substances. The core material is 
located inside the coating (membrane). This process is aimed at controlled release of the core materials at a given 
time and fixing their concentration in the required environment (Fritzen-Freire et al., 2012; Medina-Torres et al., 
2013). In order to produce microcapsules, two aqueous solutions are used where one of them contains the core 
materials and the other contains the membrane materials. The two solutions are sprayed into the air inside the 
dryer and coating substances are solidified on core materials during evaporation; thus, forming microencapsulated 
products (Gharsallaoui et al., 2007; Gallardo et al., 2013). 
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 In spray dryers, a liquid material is pumped into a nozzle from feed source and is sprayed as tiny droplets into 
a drying chamber (Vicente et al., 2013). On the other hand, hot air is circulated inside the chamber. Hot air contact 
with the liquid droplets leads to the heat and mass transfer between the droplets and the air followed by rapid 
evaporation of moisture. The produced powder and the air is sucked into a cyclone and separated from each other 
by centrifugal force. In the last step of the drying process, the produced powder exits from the bottom of the 
cyclone and the air exits from the top (Mazidi et al., 2009).  
 
ESSENTIAL PARTS OF SPRAY DRYERS 
 Essential parts of spray dryers include heating, atomizing, drying tower and recovery systems. Design method 
and operation conditions at different drying stages along with the physical and chemical properties of the food 
material determine properties of the final dried product. In addition to the aforementioned parts, other adjacent 
facilities such as fans and cooling systems are used to enhance the system efficiency (Katta  and Gauvin, 1976). 
 
HEATING SYSTEM 
 Inlet air heating system is designed by two direct and indirect methods. In the direct method, air is directly in 
contact with a heating source such as a flame. However, in the indirect method, air is indirectly heated by a heat 
exchanger. Airflow rate and temperature as well as air thermo physical properties are the most important design 
parameters in the indirect method. The amount of required airflow rate is calculated through the mass and energy 
balances (Katta and Gauvin, 1976). 
 
ATOMIZER  
 Atomizer, used for optimizing the evaporation process, transforms the liquid into tiny droplets and help in 
producing a product with desirable properties. Different nozzles are designed based on the type of consumed 
energy for producing the droplets. Of among these nozzles, pressure, centrifugal and pneumatic nozzles can be 
referred (Barbosa Canovas and Vega-Mercado, 1996). 
 
PRESSURE NOZZLES 
 Pressure nozzles are based on transformation of liquid pressure energy into kinetic energy of the flowing thin 
liquid layers (Datta and Som, 2000; Huang et al., 2006). The liquid layers are separated from each other due to 
their physical properties and the air friction effect. Moreover, pressure change is the controlling factor of the feeding 
rate and nozzle properties. The mean nozzle size is also directly proportional to the feeding rate and liquid 
viscosity. Application of pressure nozzles leads to reduction in sedimentation in the dryer chamber as well as to 
formation of powders with irregular coarse particles and high bulk density (Barbosa Canovas and Vega-Mercado, 
1996; Tratnig et al., 2009; Lee et al., 2010). 
 
CENTRIFUGAL NOZZLES  
  In centrifugal nozzles, the liquid moves toward center of a rotary disk by centrifugal force and the droplets 
are deformed by the disk blades (Zaror and Perez-Correa, 1991; Zhao, 2006). In this system, particle size is 
inversely related to the centrifuge disk diameter and rotary velocity and is directly related to viscosity, density and 
surface tension of the product. This system does not have the fouling and clogging problems and makes it possible 
to produce high viscosity products containing high amount of crystals (Barbosa Canovas and Vega-Mercado, 
1996).  
 
PNEUMATIC NOZZLES  
 In these nozzles, the liquid mass is atomized using high air velocity leading to formation of friction forces and 
thus, breaking the liquid mass into tiny droplets (Juslin et al., 1995; Hede et al., 2008). Droplets formation using 
these nozzles is done in two stages; the first stage involves transformation of the liquid feed into coarse droplets 
and the second stage involves transformation of the coarse droplets into tiny droplets. Rheological properties of air 
and feed such as surface tension, density and viscosity determine the product final quality. Fouling and clogging 
problems are observed at these systems (Barbosa Canovas and Vega-Mercado, 1996). 
 
DRYING TOWER CHAMBER 
 Spray drying operation is carried out in the drying tower chamber. In these systems, moisture is removed from 
a food material through spraying it as tiny droplets into hot air in the drying chamber. When the droplets are moved 
by hot air circulation, their moisture is evaporated and is exited from the drying chamber along with the air. The 
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major part of the drying process happens at the constant rate period and the mass transfer on the droplet surface is 
regarded as the drying limiting factor. When the moisture is reached the critical moisture content, the structure of 
the dried food particles determines drying rate in the falling rate period. During this stage, moisture diffusion from 
the particles is the limiting factor of drying rate. It should be noted that size and dimensions of drying chamber 
depend on the feed rate and type of the food material, the atomizer type, the distribution type of feed and inlet hot 
air (Singh and Heldman, 2009; Rashid et al., 2012). 
 
RECOVERY SYSTEM  
 Regarding that hot air exited from spray dryer contains some dried tiny particles, it is necessary to separate 
these particles from the hot air (Currie and Pritchard, 1994; Walmsley et al., 2012; Atkins et al., 2013). To meet this 
aim, cyclonic separating systems based on centrifugal force are used. Efficiency of powder separation from the air 
is influenced by the mixture (powder and air) inlet shape as well as the cyclone number and dimension. Air and 
powder mixture inlets into the cyclone are in the shape of wrap-around and tangential. Wrap-around inlets are 
designed to enhance the amount of entered air and consequently, to increase air velocity and the system 
efficiency. Further, the number of cyclones depends on the air and powder mixture rate and commonly ranges from 
1- 4. Studies have shown that the best separation efficiency is obtained using cyclones which have diameters less 
than one meter. Provided that all the optimum conditions in designing cyclones are met, the separation efficiency of 
powder from the air will be about 95% (Masters, 1991). 
 
CLASSIFICATION OF SPRAY DRYERS 
 Structural design of spray dryers are based on the flow type, the stage number(s) and the cycle type. 
Commercial and economic aims are also considered in designing the dryers.  
 
FLOW TYPE  
 Based on the flow type, spray dryers are classified into co-current, counter-current and mixed flow dryers 
(Masters, 1991). In the co-current dryers, the air and the product flow are in the same direction which is appropriate 
for heat-sensitive foodstuffs such as dairy products. This is because the hottest air is contacted with the droplets at 
their maximum moisture content (Truong et al., 2005a, 2005b; Woo et al., 2012). On the other hand, in the counter-
current flow dryers, the product and the air are introduced at opposite ends of the dryer with the atomizer 
positioned at the top and the air entering from the bottom. Therefore, the most dried particles are brought into 
contact with the hottest air. The counter-current dryers offer more rapid evaporation and higher energy efficiency in 
comparison with the co-current designs (Mohan et al., 2008; Ali et al., 2013). Soaps and detergents are commonly 
processed in the counter-current dryers. Mixed flow dryers combine the co-current and counter-current flows 
(Masters, 1991). 
 
STAGE NUMBER(S)  
 Spray dryers are classified into single stage and multi stage dryers based on the stage number(s). Single stage 
dryers are the simplest and the most commonly used type of spray dryers used for producing liquid products. In a 
single stage dryer, the moisture is reduced to about 2-5% by weight while in a multi stage dryer, the moisture 
content of the product leaving the chamber is about 5-10%. To further reduce the moisture content, other dryers 
such as fluidized bed dryers are used. Design of the multi stage dryers allows the use of lower temperatures in the 
dryers, making the dryers a good choice for products that are particularly heat sensitive. In general, multi stage 
dryers show high heat efficiency and besides preserving the taste and flavor of the products, they are used for 
processing viscous and high-fat foodstuffs (Masters, 1991). 
 
CYCLE TYPE 
 Based on the cycle type, spray dryers are classified into open cycle and closed cycle dryers. In an open cycle 
dryer, after applying the drying air in the process, the air is cleaned in the drying chamber by a secondary separator 
and then released into the environment. However, in a closed cycle dryer, after applying the drying air in the 
process, the air is cleaned, dried and recycled into the drying chamber. Closed cycle dryers offer more energy 
efficiency than open cycle dryers (Masters, 1991). 
 
 
 
 



Intl J Farm & Alli Sci. Vol., 2 (19): 756-759, 2013 

 

759 
 
 

CONCLUSION 
 

 Spray drying is a process of suspending sprayed particles and removing the particles moisture by hot air. 
Quality of spray-dried products is high due to the protection of the particles through evaporative cooling during the 
process.Factors influencing the performance of spray dryers include temperature, moisture content,inlet air flow 
rate, the amount of solid materials, viscosity and surface tension of the processed material,type of atomizer and its 
related parameters such as velocity and diameter of the atomizer.Various spray dryers are designed with respect to 
the aforementioned factors and economic-industrial aims using drying curves and the heat and mass balance 
equations. 
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