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__________________________________________________________________________________________ 

Abstract: Rotary dryer is an important, but, complex heat and mass transfer equipment used for drying moisture from processed 

solids. This equipment is usually installed at the end of a process in most of the plants. The feed is let in from one side of the 

dryer and the hot gases that carries away the moisture is let in either counter currently or co-currently. The contact between 

gases and solids can be either direct or indirect. When, the contact is indirect, the moisture from the solids simply evaporate 

and then escape the dryer from one end. Fertilizer industries, carbon black industries and food industries are some of the major 

users of rotary dryer.  

The broad objectives of the project are: 

• Fabrication of a model rotary dryer with further modifications for multiple feed.  

• Effects of design modifications and variation of parameters. 

Understanding the functioning of a normal rotary dryer is of importance to appreciate the work done in this project. For those 

industries where more than one solid needs to be dried, a single dryer shall be developed. This reduces the cost of installing a 

new dryer for each product. To develop such dryer, we need to understand that different feeds may have different tolerance to 

the hot gases. The work done in this project is a rough idea to communicate the possibility of a multiple-feed rotary dryer. 

Optimizing rotary dryers can bring direct impact to industries. The concept of multiple feeding the dryer can have massive cost-

cutting impact to the industry. One of the most power consuming equipment in plant is a rotary dryer. Therefore, bringing even 

small changes will be appreciated and implemented. 

__________________________________________________________________________________ 
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1. Introduction 

    Rotary dryer is an important, but, complex heat and mass 

transfer equipment used for drying moisture from processed 

solids. This equipment is usually installed at the end of a 

process in most of the plants. The feed is let in from one side 

of the dryer and the hot gases that carries away the moisture is 

let in either counter currently or co-currently. The contact 

between gases and solids can be either direct or indirect. 

When, the contact is indirect, the moisture from the solids 

simply evaporate and the escape the dryer from one end. 

Fertilizer industries, carbon black industries and food 

industries are some of the major users of rotary dryer. 

The broad objectives of the project are: 

• Fabrication of a model scale Rotary Dryer. 

Specifications are mentioned in the following page. 

• Practical approach for multiple inputs to the Rotary 

Dryer. 

The present concepts and theories will help us observing 

changes when small modifications are brought into the 

design. To be specific, the feed rate and the air flow rate shall 

be varied. 

 
 

Figure 1: Inside the fabricated dryer shell 

2. Literature Survey 

     The olive oil is obtained after crushing olives [1]. More oil 

can be extracted by extraction operation using solvents. Then, 

it is sent to rotary dryer were drying takes place along the 

periphery and when the solid falls from top to bottom. 

Further, it is collected in trommel where separation of 

material occurs per the size of the solids [1]. Initially, the 

crushed olives are sent to extraction unit where some part of 

oil is being extracted using solvents (like hexane) Then, it is 

sent to rotary dryer were drying takes place along the 

periphery and when the solid falls from top to bottom. 

Further, it is collected in trommel where separation of 

material occurs per the size of the solids [1]. 

    For the work done in [2], the principle is same as above, 

but, this is best applied for olives where stickiness is greater. 

Stickiness makes the drying process difficult, therefore, the 

process is carried using rotary dryer (two) connected in series. 

The above statement means that if an overall removal of 
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moisture of about 10% is required, then the first rotary dryer 

will reduce the moisture content up to 40% consequently 

second dryer will bring down the moisture content in solids 

up to 10%. Along with moisture control of the outlet solids 

another factor is to treat as much solid as possible and to 

overcome operational problems [2]. 

    Lignite is often referred as brown coal [3]. It is low grade 

level coal due to its low heat content. These are used as 

source of electricity in most of the European countries. 

Lignite drying is high energy consumption process with high 

risk of spontaneous ignition. If the lignite is dried at low 

temperature and in absence of oxygen the possibility of 

spontaneous ignition can be lowered. Therefore, a design of 

lignite-fired power plant was integrated with vacuum dryer. 

The results show that the net efficiency of plant can be 

increased if low pressure steam or heat pump is used to 

provide drying heat source respectively [3]. 

    Arruda, E.B. et. al. studied the compassion of a 

conventional cascading rotary dryer with a roto-aerated dryer 

[4]. Because of their simplicity and their flexibility, 

conventional rotary dryers are used across a wide range to 

handle a wider range of solid materials than other types of 

dryers. Another version known as roto-aerated dryer was 

evaluated to improve the effective contact time between hot 

air and wet solids and consequently the drying efficiency. 

Roto-aerated dryer setup consists of a central pipe 

(surrounded by the drum) from which a series of mini-tubes 

conduct the hot air directly to the particle bed that is flowing 

at the bottom of the surrounding drum. The roto-aerated setup 

is designed without the flights. The results obtained show that 

for the roto-aerated dryer the residence time was 48% lower 

than the conventional rotary dryer. The difference between 

outlet and inlet-solids temperatures was 1.7–3.3 times higher 

and the air temperature variation was 1.1–1.7 times higher 

than the conventional rotary configuration [4].  

 

Figure. 2: Schematic diagram of air distribution in the roto-aerated dryer. 

Courtesy: Arruda, E.B., J.M.F.  Facanha, L.N.  Pires, A.J.  Assis, M.A.S.  
Barrozo.’Conventional and modified rotary dryer: Comparison of 

performance in fertilizer drying’ 

   [5] has designed a model for a rotary dryer considering 

various parameters like feed flow rate, drum inclination, gas 

flow rate etc. This model was then compared with that of the 

experimental analysis done. It was found that there was 

around 5% of error in output flow rate and solid holdup. Nitro 

cellulose is used as feed in this experiment. The reason for 

error in modelling and experiment is mainly because of 

variable contact area between gas and solid. Moreover, the 

analysis of the heat transfer coefficient and mass transfer 

coefficient are not accurate. A dryer with 1m diameter and 5m 

length along with 11 flights was used for the experiment [5]. 

   In [6], the process of drying is monitored using the acoustic 

emissions. Molecular sieves are used for analysis of the rotary 

dryer. Since, molecular sieves are used the moisture content 

control is needed. Higher moisture than allowable moisture 

content would lead to the poor adsorption performance. The 

moisture content lesser than the permissible limit leads to too 

much attrition. Signal analysis showed that the critical end-

point, matching to maximum moisture removal without 

attrition, can be detected by standard deviation analysis. This 

technique mainly helps to avoid over drying. Passive acoustic 

monitoring is used for the drying monitoring. Advantages of 

this type of monitoring is reduction in production costs, and 

improved product quality and consistency. Active acoustics 

involve the measurement of the effect that a process has on a 

transmitted acoustic wave [6]. 

    Holdup in a rotary dryer is basically characterized by 3 

ways of loading namely under loading, overloading and 

design loading [7]. Different type of loading has adverse 

effect on the efficiency of drying. Loading at 9 o’clock is 

called the design loading. It is also called is FUF (First 

Unloading Flight). Above 9 o’ clock is under loading 

condition and below 9 o’ clock is overloading condition. To 

get optimum results of drying the design loading is the best. 

Video imaging is done for the analysis purpose [7]. 

 

Figure 3: courtesy: O.O. Ajayi., M.E. Sheehan, ‘Design loading of free 
flowing and cohesive solids in flighted rotary dryers’ 
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    [8] confers that the sugar is dried basically for two 

purposes. To cool the sugar to a temperature of 30-310 C to 

avoid discoloring which may lead to reduced commercial 

value. To remove the moisture content to adjust the stickiness. 

Stickiness is directly related to the price of the sugar. The 

higher is the stickiness lower is the price. Sugar dryers are 

important in determining the quality of sugar manufactured 

and is highly regulated. The sugar dryer is controlled by 

experience of the operator. However, automation of the dryer 

may ease the process and decrease the human effort required. 

The automation of the sugar dryers, at first glance, may look 

very easy. But there are several problems faced such as the 

plant can be disrupted by several disturbances externally or 

internally. Environmental conditions may have immense 

effects on the process. Moisture measurement is difficult in 

the dryer among several other input/output variables. There 

are several papers on modelling of fertilizer, pharmaceutical, 

agricultural products. But, modelling of sugar dryer has very 

few papers in its name. It is important for cost cutting in a 

sugar plant. Some of the results obtained from this paper are:  

• The model obtained from the works suggest that it 

cannot be used for very low moisture content. 

• There are two modes of sugar drying, namely the 

standard mode and the overdrive mode. The standard 

mode deals with moisture content when it is non-

zero and the overdrive mode deals with moisture 

content when it is zero. No moisture is required to be 

removed in the latter case. 

• The plane creek dryer is focused in this paper [8]. 

 

 

 In [9] effects of the following parameters on the rotary dryer 

were analyzed: - 

Overall volumetric heat transfer coefficient 

Heat loss coefficient 

Drying rate 

Specific heat of solids 

Specific heat of dry air 

All the above parameters, affected the response of the drying 

model. The model developed by the researchers of this paper 

came out with a general model of drying inside rotary dyer. 

However, the statement was contradicted by other scientists 

when the model was not matching with the industrial level 

dryer that the other scientists were working with. This is 

mainly due to the parametric sensitivity of the model 

developed by the authors of this paper. The results obtained 

from the model were compared with experimental results for 

superphosphate (SSPG) in a pilot scale plant [9]. 

[10] shows that flights are used in a rotary dryer to lift the 

solids to bring better contact between solids and gases. Flights 

are placed parallel to the length of the dryer. The solids 

drop/rain from 1800 of rotation. It has been found that the 

angle of solid pile formed by falling powder is dependent on 

the solids cohesively. The angle of heap formed is called 

static angle of repose. Similar heap of solid is formed in each 

flight in a rotary dryer. The solid holdup is different in each 

flight. Subsequently, the static angle of repose is different in 

each flight. This angle of repose keeps changing with speed of 

rotation of the dryer. Hence, it is called as dynamic angle of 

repose. A relationship that relates the dynamic angle of repose 

to rotation speed of rotary dryer, flight position in terms of 

angle and intrinsic powder properties has been formulated by 

Schofield and Glikin [4]. Paper also focuses on Equal 

Horizontal Distribution (EHD) of solids. It helps in even 

distribution of solids on a horizontal plate if placed in the 

middle of the rotary dryer [10]. 

     The material hold up in the flights is determined using 

dissimilarities in the lifter structure and position of flights 

(angle of repose). [11] Holdup means volume of material 

present in lifter which is calculated as sum of areas of 

triangles formed by joining apex to every edge in a lifter as 

shown. The volume of materials in lifters in rotary dryers is a 

function of both the geometry of the lifter and the position of 

that lifter, as well as the angle of repose of the material in the 

dryer and the total charge in the dryer. The result is increase 

in curvature of the lifter increases the holdup and hence 

increases the rate of drying [11].  

 

Figure 4: variation of volume with angle of rotation. 

    The paper [12] is based on the calculation of space time of 

feed particles. Filamentous particles consist of continuous 

arrangements of short fibers where drying is done. Space time 

means the amount of time spent by the particles within the 

dryer. Often, space time calculation make use of spherical 

particle as feed. Usually the drying of this particles is first 

studied under microscopic level (that is for an individual 

filamentous particle). Further, these results are applied to the 

bulk of the material. But, here tobacco leaves are used as feed 

which are non-spherical. Transparent setup is used to 

visualize the path travelled by the particles within the dryer. 

To record the analysis photographic imaging is used. Various 

parameters were changed to calculate the space time. Counter 

current contacting was done in the experiment. Images were 

clicked at different times to analyze the path of feed. After the 

analysis, it was concluded that, increase in rotational velocity, 

gas flow rate, drum slope decreases residence time.  Increase 

in material flow rate and moisture increases residence time 

[12]. 
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Figure 5: Filamentous particle (Author’s Illustration) 

Image analysis is employed since the amount of material 

carried by each fight in gas borne phase is crucial [13] 

Different loading conditions such as over load, under load and 

design load were observed depending on the discharge of feed 

with respect to first unloading flight (design load). The 

amount of solid contained within the flights and in the 

airborne phase of a ‘flighted’ rotary dryer is critical to the 

analysis of performance and the optimal design of these units. 

In this paper, image analysis techniques are utilized to 

estimate the amount of material within the flights of a rotating 

drum and to determine the optimum loading condition. This 

paper suggests that not always mathematical modelling is 

required to analyze the working of a rotary dryer. Photographs 

of the dryer each time after changing the parameters can be 

brought into use to analyze the dryer. The design load was 

estimated using conventional design criterion based on the 

saturation of material at the first unloading flight, saturation 

of the entire upper half of the drum and saturation of the 

airborne solids [13]. 

3. Aim 

3.1 Primary motive 

The primary aim is to fabricate a multi-feed rotary dryer. An 

ordinary rotary dryer will be first developed and tested for its 

drying capacity. With an introduction of partition plate, the 

ordinary rotary dryer will be transformed into a multi-feed 

rotary dryer. Two different solids can be sent simultaneously 

in this manner. Types of solids that can be fed in the same 

dryer 

• Carbon black of different grades 

• Di-ammonium phosphate and mono-ammonium 

phosphate 

• Ammonium sulphate and potassium sulphate 

• Urea and ammonium sulphate 

• Limestone and sulphur 

The reason for selecting the above pair of solids is that these 

are similar in their physical properties. Similar solids will 

require similar drying conditions. Solids such as wet sand and 

wet wood chips will be dried with varying parameters in 

every experimental run. Parameters such as quantity of 

material fed, angle of inclination of dryer and blower speed 

will be varied. 

3.2     Benefits of multi-feed rotary dryer 
 

    The question that arises here is what are the benefits of a 

multi-feed rotary dryer? Consider an industry where two or 

more than two similar solids are to be dried. So, instead of 

installing different rotary dryers for different solids, a single 

rotary dryer can be used for different wet solids provided the 

specific heat of solids are similar. This will help in much 

needed cost cutting in the sense that rotary dryer is a very 

costly equipment. Besides cost, a lot of space will be saved 

because it is well known that the dryers consume a lot of area. 

4. Experimental setup and procedure 

 

4.1  Sections of Rotary dryer 

    The fabricated model consists of following sections: 

1. Shell 

2. Motor drive 

3. Blower 

4.2       Rotary dryer shell in details 

 

    The rotary dryer shell is made of polycarbonate sheet of 6ft 

× 5ft size. This was rotated and bolted along the axial edge to 

get the sturdy cylindrical shell. The inner part of the shell is 

also fixed with flights at an angle of 450. Around 45 flights 

have been inserted. These have been fixed in a helical format. 

The flat sheet was fixed with flights first and then brought 

into the cylindrical shape. The specifications of dryer shell are 

as follows: 

• Length of shell = 6’ 

• Diameter of shell = 17” 

• Thickness of shell = 2.9 mm 

• Angle of inclinations = 3.60 and 5.60. 

• Distance between the motor drive end wheels and the 

blower end wheels = 57.5” 
 

 

 

 

 

 

 

 

Figure 6: The 6’×5’ polycarbonate sheet that was rolled into a cylinder to get 

the shape of dryer shell as shown in the accompanied photo 

 
Figure 7: The rotary dryer fabricated for this project. 

 

4.3      Motor drive and wheel arrangement in details 
The motor drive wheel and the other three wheels help 

rotating the rotary dryer. The wheel attached to the motor 

drive is 5’’ in diameter. The adjacent wheel from the feed 

entry end is 4’’ in diameter. The product side end wheels are 

two and half inches in diameter. The motor drive properties or 

specifications are mentioned below: 

• Made - Kirloskar Electric Co. Ltd 
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• Three phase 

• Wattage Rating = 0.075 

• Current Rating = 0.42 A 

• V = 380 

• Frequency = 50Hz 

• Motor Speed = 1400 

• Efficiency = 45% 

• Motor speed post gear mechanism = 4 RPM (approx.) 

 

4.4      Blower assembly in details 

The blower arrangement consists of fan support assembly, 

heater coils and fan. The blower fan is a domestic grade 

exhaust fan. The support assembly is a custom-made structure 

to keep the fan in a horizontal axis. There are two heater coils 

placed perpendicular to the axis of rotation of dryer. The two 

coils are placed one above another. Blower characteristics or 

specifications are as follows: 

• Made – Zenith 

• Output = 12W 

• Maximum Current = 0.5 A 

• Minimum speed = 2400 RPM 

• Single phase  

• Frequency = 50 Hz 

• Voltage = 230 V AC 

The fan speeds (RPM) with different regulator positions or 

resistances are as follows: 

Table 1: Blower speeds at different regulator positions 

Regulator speed RPM 

1 360 

2 820 

3 1060 

4 1420 

5 2440 

 

Figure 8: The RPM of the blower is measured using hand held tachometer 

The temperature varies along the axis of the rotary dryer shell. 

The temperature profile inside the rotary dryer was measured 

using a hand-held thermometer. However, for different speeds 

of blower, the temperature profile also slightly varies. The 

values of temperature have been tabulated below: 

  

Table 2: Temperature profile inside dryer at blower fan speed of 1420 RPM 

Thermometer Location Temperature 

On the coil 850 C 

1’ from the coil towards motor drive end 490C 

2’ from the coil towards motor drive end 420C 

3’ from the coil towards motor drive end 410C 

4’ from the coil towards motor drive end 410C 

5’ from the coil towards motor drive end 400C 

6’ from the coil towards motor drive end 380C 

 

Table 3: Temperature profile inside dryer at blower fan speed of 1060 RPM 

Thermometer Location Temperature 

On the coil 850 C 

1’ from the coil towards motor drive end 500C 

2’ from the coil towards motor drive end 440C 

3’ from the coil towards motor drive end 440C 

4’ from the coil towards motor drive end 440C 

5’ from the coil towards motor drive end 43.50C 

6’ from the coil towards motor drive end 420C 

7’ from the coil towards motor drive end 410C 

 

Table 4: Temperature profile inside dryer at blower fan speed of 820 RPM 

Thermometer Location Temperature 

On the coil 850 C 

1’ from the coil towards motor drive end 510C 

2’ from the coil towards motor drive end 450C 

3’ from the coil towards motor drive end 450C 

4’ from the coil towards motor drive end 450C 

5’ from the coil towards motor drive end 430C 

6’ from the coil towards motor drive end 420C 

7’ from the coil towards motor drive end 410C 

 

4.5       Experimental Procedure for using the rotary dryer 

(Instructions) 

1. The feed enters from the motor drive end and the 

dried material is collected from the blower end.  

2. Numerous experimental runs can be conducted. The 

blower speed will be varied in the range of 360-2440 

RPM. Although, the optimum range is 1060-1420 for 

sand and 820-1060 for wood chips. 

3. The angle of inclination of rotary dryer can also be 

varied. It can be either 3.60 or 5.60. 

4. The various runs will help us determine the most 

optimum ‘way’ of running the dryer. 
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4.6      Standard Operating Procedure (SoP): 

 

1. Any material that was stuck from the previous run 

must be initially cleaned. If this not done, it can 

affect the results while weighing. 

2. The weight of the material to be fed into the dryer is 

noted down before loading. 

3. In the impulse type of input, all the material is fed at 

once. In the spaced type of input, the material is fed 

in a span of time. 

4. Once the material is fed, the drive for the rotary 

dryer is switched on.  

5. Soon after this, the blower is turned on along with 

the heater.  

6. The product is collected in a collector plate and 

weighed immediately. 
 

Figure 9: The Standard procedure that must be followed to operate the 

rotary dryer 

 

5.  Results and discussions 

The experiments were conducted with and without partition 

plates. The materials that have been used for drying are sand 

and wood chips. All the experimental runs have been 

accounted for, irrespective of errors that have occurred in few 

runs. The experiments have been done varying the feed 

amount, angle of inclination of shell and blower fan speed. 

The reason for failure have been mentioned subsequently 

.   
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Table 5:  Component list with the corresponding MoC

 

5.1      Experimental runs without the partition plate (sand) 

Inference after first run:  

The rotary dryer runs inefficiently due to overloading of the 

dryer. The amount of water dried was insufficient when 

compared to the following runs. Also, there was unwanted 

back-flow due to the flow of sand on the back side of the 

flights.  Hence, it is suggested not to load >4 Kg of wet sand 

into the dryer. To avoid dust carryover, the blower fan speed 

was maintained below 2440 RPM. 

 

Figure 10: The flights are saturated with high amount of feed load. 

 

Inference after second run: 

There was significant drying that occurs when the amount of 

sand being sent to the dryer is kept below the saturation 

amount. There was negligible back flow of the sand. 

 

Inference after third run:  

The feeding of the wet sand was spaced out in this 

experimental run. After each five minutes, 900 grams of 

quantity was added. This was repeated for five times for a 

total of 4.5 Kg of wet sand. In this run, the amount of water 

that evaporates was very high. The reason for this was that 

there was good contact between the hot air and the wet sand. 

There was less overlapping of solids. This helps in better heat 

and mass transfer. Hence, it is suggested to incorporate 

spaced input or continuous input instead of impulse input or 

batch input.  

Inference after fourth run: 

The amount of water that gets removed was more than the 

amount of water initially added. It was clearly an error. The 

possible reasons behind this were that apart from water, sand 

SL. NO. NAME OF THE COMPONENT MATERIAL OF CONSTRUCTION QUANTITY 

1 Rotary Dryer shell sheet( 6ft ×5ft) Solid Polycarbonate 1 

2 Flights/ Z-Clamps (6’’×3”×1.5”) Galvanised Iron 45 

3 Motor Drive (4 RPM, three phase) General 1 

4 High speed fan (2400 rpm, 12 watt , single phase) General 1 

5 Motor drive wheel (5”) Polymer 1 

6 Wheel support (4’’) Polymer 1 

7 Wheel support ( 2.5’’) Polymer 2 

8 Wheel base blocks Wood 4 

9 Ply board (7’ × 4’ ) Wood 1 

10 Heating coil General  2 

11 Blower support  Mild Steel 1 

12 Heater coil support assembly Asbestos 2 

13 Partition plate Polycarbonate sheet 1 

14 Blower regulator - 1 

15 Collector Plate Mild Steel 1 

16 Partition plate adhesive Tar sheet 6’� 2 = 12’ 

17  Blower fan Domestic grade 1 
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was also lost from the setup. Some of it must have black 

flown out of the inlet of the dryer. Some sand must have got 

stuck in the flights or else error must have occurred while 

collecting and weighing the sand. Measures that were taken 

after the failure of this run are as follows: 

• A back-flow collector plate was added at the inlet 

of the dryer to collect any back-flown material. The 

material from this collector was added to the product 

collector plate before weighing the product. 

• The rotary dryer shell was held vertically and jerked 

so that any sand that was stuck in the flights or shell 

falls down. 

 

Inference after fifth run: 

� This was the first experimental run where the speed of the 

blower fan was reduced to 1060 RPM from 1420 RPM. Better 

analysis about the effects of varying the blower speeds are 

mentioned in the next section. 

 

Inference after sixth run: 

This was the first run in which the inclination of dryer shell 

was increased from 3.60 to 5.60. It was seen that the amount of 

water removed was less, but, higher throughput was obtained. 

It is natural that with increase of angle, the material will move 

faster downwards due to gravity. 

Table 6: Summary for without-partition-plate dryer runs 

       
  

 

  
  
 

  
  

R
u
n

 #
  

 

Run #1 

 

Run #2 

 

Run #3 

 

Run #4 

(ERROR) 

 

Run #5 

 

Run #6 

Feed Type Impulse Impulse Spaced Impulse Impulse Impulse 

Material dried  Sand Sand Sand Sand Sand Sand 

Blower speed (RPM) 1420 1420 1420 1420 1060 1420 

Angle of inclination 3.60 3.60 3.60 3.60 3.60 5.60 

Weight of sand (Kg) 7.8 4 4 2 2 2 

Weight of water (Kg) 1 0.5 0.5 0.3 0.3 0.3 

Wet sand weight (Kg) 8.8 4.5 4.5 2.3 2.3 2.3 

Weight of product (Dried wet sand) 

[Kg] 

9.230 5.075 4.956 2.836 2.064 2.135 

Amount of water removed (Kg) 0.453 0.303 0.422 0.342 0.236 0.185 

Time for first particle to fall  NA 2’41” 7’ 4’56” 4’ 30” 4’ 

Total Time required /time elapsed NA 35’ 10” 36’ 35’ 28’ 32” 19’ 

 

5.2     Experimental run with partition plate (Wet sand and 

wet wood chips sent simultaneously)  

Inferences after the run: 

It was seen that both sand and wood underwent ‘very good’ 

drying.  It was observed that sand underwent higher amount 

of drying when compared to wood chips, the reason being 

mentioned in chapter ‘Chapter 6: Conclusion’.      

 

Figure 14: Sand and wood chips had been directly fed to the dryer 

simultaneously  

Parameters 
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Table 7: Summary for with-partition-plate dryer runs 

 

 

 

 

 

 

 

 

 

 

 5.3     Experimental runs with partition plate (sand) 

 

Figure 11: Sand moving over the partition plate  

Inference after seventh run: 

The amount of water that gets removed was more than the 

amount of water initially added. It was clearly an error. The 

possible reasons behind this were that apart from water, sand 

was also lost from the setup. Some of it must have black 

flown out of the inlet of the dryer. Some sand must have got 

stuck in the flights or else error must have occurred while 

collecting and weighing the sand. 

 Inference after eighth run:  

‘Very good’ drying happened in this experimental run with 

moisture content of 13.04% before drying to 3.61% after 

drying. Net amount of 0.225  Kg of water was removed. 

Inference after ninth run 

The 

amount of water that gets removed was more than the amount 

of water initially added. It was clearly an error. The possible 

reasons behind this were that apart from water, sand was also 

lost from the setup. Some of it must have black flown out of 

the inlet of the dryer. Some sand must have got stuck in the 

flights or else error must have occurred while collecting and 

weighing the sand. 

Inference after tenth run:  

When compared to run #8, the inclination had been increased 

in this run from 3.60 to 5.60. It was observed that the amount 

of water removed was less when compared to run #8. The 

difference between the initial moisture content and the final 

moisture content was less in this run. However, the time 

elapsed or the total time required for drying was reduced. In 

other words, the residence time reduced in this case. 

 

Inference after eleventh run:  

When compared to run #10, the speed of blower fan was 

increased in this case with the angle of inclination constant. 

The amount of water removed was slightly higher in this case. 

But, the time taken for material to traverse the shell was 

higher in this case because of higher resistance that the 

particles had to face due to the increased counter-current air 

flow rate. 

Inference after twelfth run: 

When compared to run #11, the blower speed remained same, 

but, the angle was reduced from 5.60 to 3.60. The amount of 

       
 

 

  
 R

u
n
 #

  

Run #7 

 

Run #8 

 

Run #9 

 

Run #10 

 

Run #11 

 

Run #12 

Feed Type Impulse Impulse Spaced Impulse Impulse Impulse 

Blower speed (RPM) 1420 1060 1420 1060 1420 1420 

Material dried Sand Sand Sand Sand Sand Sand 

Angle of inclination of shell 3.60 3.60 3.60 5.60 5.60 3.60 

Weight of sand (Kg) 2 2 2 2 2 2 

Weight of water (Kg) 0.3 0.3 0.3 0.3 0.3 0.3 

Wet sand weight (Kg) 2.3 2.3 2.3 2.3 2.3 2.3 

Weight of product (Dried sand) 

[Kg] 

1.9 2.075 1.99 2.168 2.133 2.048 

Amount of water removed (Kg) 0.4 0.225 0.31 0.132 0.167 0.252 

Time for first particle to fall  12’ 9’ 27” 7’ 4’ 5’ 30” 11’ 50” 

Total Time required /time 

elapsed 

39’ 44’ 21” 37’ 28’ 30’ 47’ 

Parameters 
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water removed was higher in this case, but, the time required 

increased. 

 

5.4       Experimental runs with partition plate (wood chips) 

Inference after thirteenth run: 

It was seen that the blower speed of 1060 RPM was above the 

dust carryover velocity. Hence, a significant amount of 

backflow was happening in this run. Therefore, the results 

from this run were not used for analysis. In the subsequent 

runs, the blower fan speed was decreased to 820 RPM  

 

Figure 12: Wet wood chips being dried inside rotary dryer 

Figure 13: Wood chips getting collected on the product collector plate post 

drying 
Inference after fourteenth run: 

The backflow had significantly reduced with the reduction of 

blower fan speed. Moreover, ‘very good’ drying was observed 

in this run.   

Inference after fifteenth run:  

When compared to the previous run, the blower fan speed was 

kept constant, but, the inclination increased to 5.60 from 3.60. 

As expected, the amount of water dried decreases whereas the 

time of drying or residence time decreases. 

 

Table 8: Summary for with-partition-plate dryer runs 
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Run #13 

 

Run #14 

 

Run #15 

Feed Type Impulse Impulse Impulse 

Blower speed (RPM) 1060 820 820 

Material dried Wood chips and waste Wood chips and waste Wood chips and waste 

Angle of inclination of shell 3.60 3.60 5.60 

Weight of wood chips (Kg) 1 0.5 0.5 

Weight of water (Kg) 0.8 0.4 0.4 

Wet wood chips weight (Kg) 1.8 0.9 0.9 

Weight of product (Dried wet wood chips) 

[Kg] 

1.201 0.6 0.685 

Amount of water removed (Kg) 0.599 0.3 0.215 

Time for first particle to fall  6’ 20” 8’21” 5’29” 

Total Time required /time elapsed 45’ 36’ 28’30” 

Parameters 
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5.5 Residence Time Distribution analysis of rotary dryer 

5.5.1 Introduction 

     We are familiar with the topic of Residence Time 

Distribution (RTD) of chemical reactors. It emphasizes the 

non-ideal flow patterns inside a reactor. The similar theory 

can be applied in rotary dryer. In the impulse type of input of 

feed, all the material is fed at once. But, it is impossible that 

all the product will be collected at the same time on the 

product collector plate.  The main reasons behind this include 

the following factors: 

• The sand particles aggregate and clump together. 

• The sand particles get stuck on the flights.  

• Restricted capacity of flights i.e. the flights can carry 

only a limited amount of material at a time. 

• Back flow of materials also result in lag for arrival of 

materials. 

For this reason, exit age distribution analysis experiments 

were conducted to study the RTD of the dryer in this setup 

5.5.2      Exit age distribution analyses and graphs 

1. In the first experimental run for distribution analysis, the 

first particle that arrived on the collector plate was on 340th 

second. After that, every 180 seconds sand that was getting 

accumulated were kept as separate samples. This was done 

for eight such samples. The following conditions were 

maintained: 

Blower fan speed = 1060 RPM 

Material sent = Dry Sand (2Kg) 

Inclination of Dryer shell = 3.60 

 

Table 9: Exit age distribution calculations (Dry sand) 

Sl. 

No. 

Time 

(Minutes) 

Time 

(Seconds) 

Amount of sand 

collected(Discreet) 

[Kg] 

Δt 

(s) 

C× Δt 

(Kg-s) E 

(C/∑(C× Δt)) 

[s-1] 

1 5’40” 340 0 340 0 0 

2 8’40” 520 0.475 180 85.5 0.001446 

3 11’40” 700 0.575 180 103.5 0.00175 

4 14’40” 880 0.365 180 65.7 0.001111 

5 17’40” 1060 0.22 180 39.6 0.00067 

6 21’40” 1300 0.12 180 21.6 0.000365 

7 24’40” 1480 0.04 180 7.2 0.000122 

8 27'40" 1660 0.03 180 5.4 9.13E-05 

 

Figure 15: Exit age distribution graph for Blower fan speed = 1060 RPM, Material sent = 

Dry Sand (2Kg), Inclination of Dryer shell = 3.60

2. In the second experimental run for distribution analysis, 

the first particle that arrived on the collector plate was on 

420th second. After that, every 300 seconds wood chips 

that were getting accumulated were kept as separate 
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samples. This was done for eight such samples. The 

following conditions were maintained: 

Blower fan speed = 820 

Material sent = Dry wood chips (0.5 Kg) 

Inclination of dryer shells = 3.60.  

 

 

 

Table 10: Exit age distribution calculations (Dry wood chips) 

Sl. 

No. 

Time 

(seconds) 

  

Amount of sand 

collected(Discreet) 

(Ci) 

[Kg] 

Δt (s) 

 

Ci × Δt 

(Kg-s) 

E 

(Ci/∑(Ci× Δt)) 

[s-1] 
 

1 420 0 340 0 0 

2 720 0.05 300 15 0.00056 

3 1020 0.05 300 15 0.00056 

4 1320 0.035 300 10.5 0.00039 

5 1620 0.035 300 10.5 0.00039 

6 1920 0.03 300 9 0.00033 

7 2220 0.03 300 9 0.00033 

8 2520 0.04 300 12 0.00044 

9 2820 0.015 300 4.5 0.00017 

10 3120 0.015 300 4.5 0.00017 

 

 

Figure 16: Exit age distribution graph for Blower fan speed = 820, Material sent = Dry wood 

chips (0.5 Kg), Inclination of dryer shells = 3.60 

3. In this experimental run for distribution analysis, the 

first particle that arrived on the collector plate was on 

576th second. After that, every 180 seconds wet sand that 

were getting accumulated were kept as separate samples. 

This was done for eight such samples. The following 

conditions were maintained: 

Blower fan speed = 1060 RPM 

     Material sent = Wet sand (2 Kg dry sand + 300ml water) 

     Inclination of dryer shells = 3.60 
 

 

Table 11: Exit age distribution calculations (Wet wood chips) 

0

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

0 1000 2000 3000 4000

E

Time

E vs Time

∑ Ci × Δt= 90 

International Journal of Scientific Research and Review

Volume 7, Issue 3, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/52

ssc
Textbox



  

13 | P a g e                                                                                                                       

 

 

 

 

 

 

 

 

 

                 Figure 17: Exit age distribution graph for Blower fan speed = 820 RPM, Material sent = Wet wood chips (0.5 
Kg dry  sand + 400ml water), Inclination of dryer shells = 3.60. 

6. Primary conclusions 

    The work presented in this paper is a mechanistic and 

practical approach to scope the idea of Multi-feed rotary dryer. 

It is obvious that when some equipment is run for the first 

time, there are several trials that are taken to find the behavior 

of the system. It also helps in devising the optimized way of 

operating the process. Some of the experimental find-outs are 

mentioned in this piece of work. Wood chips are porous in 

texture. Therefore, when water is added, it seeps into these 

pores. So, it can be said that wood chips, when wet, have both 

bound and unbound moisture. Sand is a low-porosity solid. 

Hence, it can be assumed that it contains only bound moisture. 

Hence, it has been seen that the amount of water that dries in 

wood chips was always less than that dried from sand provided 

the conditions remain same. From the exit-age distribution 

analyses, it was seen that for similar conditions, wood chips 

take longer time to traverse the shell. It can be probably due to  

 

the reason that wood chips, being lighter, face higher 

resistance from the counter current flow of air. Detailed 

inferences after each run has been mentioned in the previous 

chapter. But, in a nut shell, it can be said that following 

parameters are optimum for drying wood chips in the dryer 

fabricated for the project: 

Blower fan speed = 820 RPM. If higher throughput is required, 

angle of inclination = 5.60. ‘Good’ drying happens. If higher 

amount of drying is required, then inclination can be decreased 

to 3.60. But, the time required for drying or residence time 

increases significantly. For sand, the following parameters are 

optimum: If time is not a factor, angle of inclination can be 

maintained at 3.60 with the blower fan speed at 1420 RPM. 

‘Very good’ drying occurs in this case. 

However, if time is an important factor of production, the 

Blower fan speed can be maintained at 1060 RPM and the 

angle of inclination can be increased to 5.60. In this manner, 

faster throughputs can be obtained, but, the drying rate 

0
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Sl. No. Time Amount of sand collected(Discreet) Δt (s) 

C× Δt E 

(Kg-s) (C/∑(C× Δt)) 

  [s-1] 

1 420 0 420 0 0 

2 720 0.085 300 25.5 0.000944444 

3 900 0.125 300 37.5 0.001388889 

4 1080 0.125 300 37.5 0.001388889 

5 1260 0.1 300 30 0.001111111 

6 1440 0.05 300 15 0.000555556 

7 1620 0.025 300 7.5 0.000277778 

8 1800 0.02 300 6 0.000222222 

9 1980 0.01 300 3 0.000111111 

10 2160 0.005 300 1.5 5.55556E-05 

163.5 
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decreases. The primary aim of the project was to fabricate and 

study a multi-feed rotary dryer. For now, the results have been 

positive and supports the cause of this new kind of rotary 

dryer. However, further studies can reveal and generate more 

interesting results as mentioned in the chapter 7.    

6.1      Engineering Problems faced 

Thread failure of bolts: The threads were breaking when high 

torsional strength was applied while rotating it. Better quality 

bolts were used. Also, using larger size of bolts help in 

avoiding the thread failure. 

Insufficient motor shaft length: When the motor was 

purchased, the length of shaft was not long enough. The shell 

body was colliding with the motor body. Larger shaft was 

installed in place of the old shaft to solve this issue. The new 

shaft length is 5”. 

Rusting of flights: Due improper galvanization, the flights 

started undergoing rusting. The flights were greased. This is a 

common anti-corrosion measure. 

Rolling the polycarbonate sheet: Polycarbonate sheet (6’×5’) 

was rolled to make the shell of the rotary dryer. It is a very 

sturdy and highly elastic material. The sheet was overlapped 

and the edges were bolted against each other.  10 bolts were 

used to fix the edges. Apart from that, three clamps were used 

to stabilize the shell after bolting. 

Dust: Due to the open work environment, the setup 

accumulates a lot of dust when left idle for some time (few 

days).  Regular housekeeping is, hence, necessary to proceed 

smoothly. 

Problems faced during experimental runs 

Lack of friction between the wheels and the dyer shell: In the 

initial runs of the dryer, the dryer was not rotating effectively. 

This was primarily because there wasn’t enough friction 

between the wheels on which the dryer is placed and the dryer 

shell.  Rubber rings were placed on the shell as tracks on. 

These were place exactly on the trajectory of wheels. 

Moreover, the wheels were covered with rubbers too. This 

significantly increased the friction and the shell started rotating 

effectively. 

Axial movement of rotary dryer: Due to the inclination of 

rotary dryer, there was a tendency for the dryer to slowly move 

downwards along the axis of the shell. This is a major problem 

because there is a risk of dryer falling off the wheels. This can 

damage the shell as well as hinder the experimental run. An 

anti-axial movement ring was placed before the rubber tracks. 

This restricted the axial movement of the dryer downwards.  

A lot of effort had been made in order to avoid the mixing of 

the products inside the dryer as well as at the output. The 

present model of the dryer requires manual handling of product 

and feed due to lack of automation. With the help of PLC 

controlled arms and other such equipment, the multiple solids 

can be handled with way more smoothness. 

Safety 

As chemical engineers, safety must be always the primary 

concern. Handling of the model rotary dryer has certain safety 

aspects that must be taken care of. The blower assembly is the 

hazardous part of the project. The user must, always, maintain 

at least a distance of two feet from it and try to stay away from 

its vicinity. The product must be collected from sideways. It is 

advisable to wear closed footwear or safety shoes in the work 

area to avoid unnecessary bruises and bleeding.  

7. SCOPE FOR FUTURE WORK 

    The concept of a multi-feed rotary dryer is pretty much new 

and has not been incorporated anywhere as per the authors’ 

knowledge. There remains a lot of work that can be done on 

this topic. The setup that has been fabricated for studying the 

multi-feed rotary dryer can be used extensively to understand 

various parameters. Probes can be introduced for acquiring 

different types of data. The current model that has been 

fabricated is not running in its smoothest way. The rotation 

gets stuck in the junction of the shell. The rotating mechanism 

must be replaced or modified in such a manner that the dryer 

shell rotates without getting stuck. The anti-slip axial 

movement ring had been placed to avoid the downward 

movement of shell. But, the ring itself was moving from its 

place if it had been glued using ‘Fevicol SR’ adhesive. 

Therefore, a permanent solution must be found for smooth 

rotation of shell without any downward movement. A data 

bank will be created after conducting many more experimental 

runs on the same lines as that have been conducted in this 

work (refer chapter 5). Several more variations in the angles, 

feed quantities, feed types, temperatures and other parameters 

can be done to understand the dryer in details. Energy meters 

can be installed in the motor drive line and the blower 

arrangement line. The amount of energy consumed in the 

without-partition plate case and with-partition plate case can 

be compared. In this manner, the economic angle of the multi-

feed rotary dryer can be studied. It will actually decide the 

validity of this type of rotary dryer. Simulation of the dryer can 

be made in a sophisticated software. This will help in 

understanding several parameters. The more number of 

analyses are made, much better understanding and inferences 

can be made. The   efficiency of the rotary dryer can be found 

with and without partition plates. 
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APPENDIX 1: FORMULAE USED 

Moisture content before drying= 
������ 	
 �����

������ 	
 ����������� 	
 ��� ����
 

1. Moisture content after drying=
(������ �� ����� ������� ������ �� ��! "�#�� ���"�$� �$���%##!)

(������ �� ����� ������� ������ �� ��! "�#�� ���"�$� �$���%##!)������ �� ��! "%$�
 

 

APPENDIX 2: SPECIMEN CALCULATION 

2. Moisture content before drying= 
������ 	
 �����

������ 	
 ����������� 	
 ��� ����
 =  

'.)

*'.)
 = 0.8863 or 88.63% 

3. Moisture content after drying = 
(������ �� ����� ������� ������ �� ��! "�#�� ���"�$� �$���%##!)

(������ �� ����� ������� ������ �� ��! "�#�� ���"�$� �$���%##!)������ �� ��! "%$�
 

 

                                               = 
().+,- '.))

().+,- '.))'.)
 = 0.066 or 66%  
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