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ABSTRACT 

When a liquid flows over a rotating disc it breaks 

up into fine spray of droplets. This is called 

atomization and is used in spray dryers. Droplet 

size varies inversely with the disc diameter and 

speed. In commercial dryers, for fine spray the 

atomizer is run at speeds of the order of 35000 

rpm, which may pose unbalance problems and to 

counter this, precision manufacturing is essential. 

In this study unbalance force is reduced by using 

light metal such as high strength, high corrosion 

resistant aluminum 7075-T6 that enables to 

increase the diameter of disc making fine spray 

possible at lower speeds. Further for aluminum 

eccentricity is not as critical as for stainless steel 

disc. From unbalance point of view the design is 

greatly simplified and cost effective. The power 

requirement is also lowered for aluminum disc. 

Aluminum discs are much safer to use at high 

disc speed. 

 

I. INTRODUCTION 
Atomization is a process by which bulk liquid is 

broken into fine droplets for increasing the 

interfacial area of the liquid for efficient 

heat/mass transfer in the spray drying process as 

the crops contact the hot gas in the drying 

chamber [1] [2]. The atomization is attained by 

feeding the liquid (solution) to the central cavity 

of a rotating disc and the liquid flows over the 

surface of the disc as a thin film from the 

reservoir cavity in disc to the edge of the disc 

where it attains the peripheral velocity of disc and 

breaks up in the form of droplets [3]. 

To prevent slippage in commercial atomizer 

radial vanes are used [4]. The liquid is confined to 

vane surface and at the periphery maximum 

release velocity is attained [5]. Other types of 

atomizer are with vertical slots or circular or 

elliptical holes at the peripheral wall. 

The effect of vane shape is important for 

atomization of liquids with low viscosity as 

square shapes produce big drops meanwhile 

circular and rectangular one gives small drops [6] 

[7]. This phenomenon decreases with increase of 

viscosity and at certain value practically 

disappears. The effect of vane shape on droplet 

size at high rotation speed can be neglected for 

liquids with viscosity greater than 150×10-3 Pa. s. 

For quick drying, fine sprays of the order of 

100μm are required and from the droplet equation 

1, given below: it is an inverse function of disc 

diameter and its speed of rotation. In the presently 

available commercial spray dryers the speed of 

atomizers are quoted as about 35000 rpm with 

disc of 100 mm. The manufacturing of disc ought 

to be extremely of precision nature and balanced 

otherwise tremendous unbalance force will result 

due to very high speeds. 

One way of minimizing unbalance is to reduce 

speed and increase the diameter [8]. This aspect 

has been considered in this paper. The increase of 

diameter also makes the spray distribution 

uniform [9]. The increase of diameter is possible 

by using light metal that is high strength 

corrosion resistant aluminum which is not being 

practiced by the manufacturer of spray dryers as 

they are sticking to stainless steel which is quite 

heavier and restrict using large diameter because 

of resulting problems discussed in this paper. 

 

II. ATOMIZER DESIGN 
An actual design of an atomizer is considered for 

producing a droplet size of about 100 μm (fine 

spray) for liquid feed rate of 100 kg/hr. Under 

velocity spraying, the droplet size is estimated by 

the following equation (1). 
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Where Dvs is Sauter mean diameter in μm, Ml is 

the feed rate in kg/hr, N is the speed of disc in 

rpm, d is the diameter of disc in m, h is the vane 

height in m, n is the number of vanes. 

 

The above equation has been plotted in Figures 

1&2 to show the relationship among speed, disc 

diameter, vane number and the droplet size. 

 

 
 

Fig 1. For 10 μm droplet, variation of disc speed 

with disc diameter for different vane numbers (n). 

 

In Fig. 1 for different vane numbers relation 

between disc diameter and disc speed is shown 

for a droplet size of 100 μm. Effect of vane 

number becomes insignificant as vane number 

increases compared to the effect of disc diameter 

on speed [10]. It is obvious that smaller diameter 

disc requires very high speed for same droplet 

size.  Hence effort should be to select a large size 

disc for low speed requirements. 

Similarly from Fig 2 for a smaller size disc the 

finer sprays less than 50μm are attained at 

astronomical speeds but again as the disc 

diameter increases the speed decreases. 

Correspondingly, however, curve becomes less 

steep with increasing values of disc diameter and 

droplet size suggesting of diminishing gains with 

respect to speed reductions [11]. 

Through very fine spray droplet size less than 

50μm will be quickly dried in the vicinity of disc 

and a relatively small diameter drying chamber 

will be required but resulting extremely high 

speed of disc will impose design problems. On 

the contrary coarse droplet will slowly dry and 

hence large diameter for chamber will be required 

to avoid sticking of wet droplet on chamber wall 

[12]. Hence droplet size between 50-200 μm 

offers a region for an economical design of 

atomization drying system. Hence a droplet size 

of 100μm is chosen, and disc diameter of 12 cm is 

selected for design analysis as discs of about this 

size are being used in commercial dryers. 

 

 
 

Fig 2. Variation of disc speed with droplets size 

for different disc diameters (d). 

 

In the following a design analysis is presented for 

an atomizer. The disc to be used is shown in 

Figure 3 and has the following specifications: 

 

Diameter : 120 mm 

Vane height : 15 mm 

Vane number : 24 

Flow rate : 100 kg/hr 

Speed of disc for droplet size of 100 μm by 

equation (1) is 13647 rpm.  

Disc is made of stainless steel (18-8) having yield 

strength of 5.52×108 N/m2and ultimate strength 

of 8.27×108 N/m2. 

Stresses in the Disc: 
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Atomizer is assumed to be a rotating disc of 

constant thickness for simplified analysis. In a 

rotating disc radial and hoop stresses are 

developed [13] [14]. Considering stresses in disc 

at 25% higher speed, that is, 17000 rpm, the 

radial stress is: 

 

 

(2) 

 

Where R1 is radius of hole in m, R2 is radius of 

disc in m, ν is Poisson ratio (0.3), ω is speed in 

rad/s, ρ is density in kg/m3. 

By substituting values: 

         

    (3) 

 

 

        = 3.719 × 107 N / m2 

 

Maximum shear stress that occurs at hole is: 
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=   3.719 × 107 N / m2 

Allowable shear stress, 
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Factor of Safety  =  7.42 

 

Therefore, stresses produced in the disc due to 

rotation are on the safe side. 

 

III. VIBRATION OF THE SYSTEM  
The disc connected to a spindle shaft Figure 4 is 

rotated by a pinion and gear drive. Torsional 

stiffness of the shaft is: 

 

 (4) 

 
Where d is diameter in m, G is shear modulus 

N/m2, L is length in m (G = 6.55×1010 N/m2).  

Hence equivalent stiffness is: 

 

 

  (5) 

 

 

= [32 L1/πd1
4 G + 32 L2/πd2

4 G + 32 L3/πd3
4 G + 

32 L4/πd4
4G] 

= 32 /πG [0.15/(.02)4 + 0.265/(.035)4 + 

0.05/(.025)4 +0.05/(.023)4] 

 

= 2.22 ×10-4 

 

kt =   4505 N m/rad 

 

Let J stands for moment of inertia 

 

 

J1 for gear    =                                               (6) 

  

 =   0.0122 kg m2 

 

 

J2 for pinion  =               (7) 

 

 =   0.000048 kg m2 

 

Equivalent J of gear referred to pinion connected 

to spindle shaft 

=   (Pinion pitch diameter/ gear pitch 

diameter)2× Jgear+ Jpinion(8) 

=   (1 / 4.8)2 × 0.0122 + 0.000048 

                       =   5.77 × 10-4  kg m2 

 

 

J3 for disc     =                

(9) 

 

 =   2.21 × 10-3 kg m2 

 

J4 of spindle shaft can be calculated as 3.4 × 10-4 

kg m2, which is small as compared to total J at its 

ends. 

The natural frequency is given by equation: 

 

(10) 

 

=  4505 (1 / 0.577 × 10-3 + 1 / 2.21 × 10-3)  

ωn=  3137 rad / sec 

Nc= 29971 rpm 

Where Ncis critical speed. 

Power Requirement: For horse power requirement 

of motor, moment of inertia at motor shaft is: 

 

Jmotor = [JGear+ (Gear pitch / Pinion pitch 

dia)2Jpinion.spindle.disc]                            (11) 
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= [0.0122 + (4.8)2{0.000048 + 0.000338 + 

0.00221}] 

Jmotor=  0.0729kg m2 

Let motor attains rated speed of 2900 rpm (304 

rad/s) in 5 seconds. 

 

Torque at motor shaft: 

T = Jmotor × α          (12) 

Where α is acceleration 

 

T    =   

 

=  4.43N.m 

 

hp     =         (13) 

 

 

hp = 1.8 

Considering frictional losses: 

hp =    2 

Unbalance Forces: Atomizer shaft is shown in 

figure 4, its length and steps are dimensioned to 

suit the mounting of the bearings and the total 

length enables the atomizer to rotate the disc at a 

good separating distance below the drying 

chamber roof. Material of shaft is 18-8 stainless 

steel. Since cyclic stresses are developed in shaft 

due to bending, hence endurance stress is 

considered which is half of ultimate strength. 

Bending moment of shaft, 

 M      =   Se × Z                                (14) 

Where Se is endurance stress in N/m2, Z is 

section modulus in m3. 

 

 M       =   

 

=   493.7 N.m 

Torsion is negligible compared to bending, hence 

maximum allowable force F from Figure 4 is 

given by, 

                     F × l    =     M                          (15) 

         F × 41 × 10-3 =     493.7 

                   F           =      12041 N 

Whirling radius u is given by equation (3), 

 

                 u       =       (16) 

 

 

where m is mass of disc in kg, e is eccentricity, 

i.e, distance between mass centre  and geometric 

centre of disc in  m, ω is angular speed of disc 

rad/s, Ktis torsional stiffness Nm/rad and R is 

magnification factor. 

For zero damping, 

 

                R         =       (17) 

 

Where r = ω/ωn 

Putting values of r, 

 

                R          =    

 

 

 R         =  1.25 

From equation (16),  

 

ukt        =   meω2 R       (18)  

   

ukt is the restoring force and meω2 R is the 

centrifugal force due to whirling of shaft. Hence 

centrifugal force should not exceed allowable 

force F (12041 N). 

Therefore, 

meω2R    =  12041 
 

Putting values, 

 

                 e      =    

 

 =     3.8 mm 

Hence eccentricity should not exceed 3.8 mm, a 

strict condition in the manufacturing of atomizer 

disc. 

From equation (16) 

u /e    =    r2 R   (19) 

 =   0.2017 x 1.25 

=   0.26 

                     u    =     0.26 × e 

 =     0.26 x 3.8 

 =      0.988 mm 

Radius of whirl is 0.988 mm. 

IV. ATOMIZER DISC OF ALUMINUM 
As pointed out above the atomizer disc made of 

stainless steel of 12 cm diameter needs highly 

precision manufacturing and balancing so as to 

have eccentricity less than 3.8 mm, and about 2 

mm if factor of safety is 2. Fortunately, for this 

atomizer disc ( 12 cm dia) made of light metal 

high strength, high corrosion resistance 

aluminum, 7075-T6 the eccentricity increases to 
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11 mm and for factory of safety of 2 it will be 5.5 

mm. this is not as stringent requirement for 

manufacturing and balancing, as that for stainless 

steel disc. 

 
Fig 3. Atomizer disc 

 
Fig 4. Spindle shaft with gear drive (Dimensions 

in mm). 

 

V. DISCUSSION 

Design parameters for various diameters of 

aluminum and stainless steel discs are tabulated in 

Table-1. The eccentricity of stainless steel disc of 

12 cm diameter is 3.8 mm which decreases to 

2.44 mm with increase of diameter to 16 cm, but 

starts increasing to 3.46 mm with further increase 

of diameter to 20 cm. There is no increase in 

eccentricity with further increase of diameter but 

decrease in eccentricity though the speed 

decreases considerably. Hence it seems that 

stainless steel always puts stringent precision 

manufacturing conditions. Moreover though the 

speed decreases for increased diameter but power 

requirements increase at higher pace. All this 

prohibits or discards use of large diameter 

stainless steel disc for fine sprays. 

In contrast to this for aluminum disc eccentricity 

decrease to 7 mm for 16 cm diameter but stays 

nearly constant up to 24 cm diameter where it 

slightly increases to 7.8 mm. The eccentricity 

values are quite generous for manufacturing and 

balancing. Hence large diameter disc for fine 

sprays at lower speeds is possible. Further, power 

requirement is less compared to that of stainless 

steel disc along with lower rate of increase of 

power requirement with increase of disc diameter. 

One more plus point for use of aluminum 

atomizer is that aluminum disc is safer than 

stainless steel disc as is evident from Figure 5, 

where factor of safety is related to speed for both 

stainless steel and aluminum disc. At a speed of 

30000 rpm the factor of safety for stainless steel 

disc is 1.2 whereas for aluminum disc it is 3.7. 

 
Fig 5. Factor of safety stainless steel and 

aluminum discs related to disc speed. 

VI. CONCLUSION 
Stainless steel disc gives very small eccentricity 

and hence pose stringent manufacturing and 

balancing requirement as well as high power 

requirements. In contrast high strength corrosion 

resistant aluminum alloy gives generous 
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eccentricity values and large diameter disc 

provide more safety at high speeds. Hence 

aluminum alloy 7075-T6 hasgreat potential for 

use in the atomizers. 
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