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In the industrial world, drying is a crucial process across various sectors,
particularly in mineral processing, construction, and chemical manufacturing.
A rotary dryer fired with bunker oil, possessing a high heating value (HHV)
of 10,000 Kcal/kg, presents an efficient solution for large-scale drying
operations. Specifically, when the goal is to produce 20 metric tons per hour
(MT/hr) of dried sand, understanding the design considerations, operational
parameters, and energy requirements becomes vital. This article delves into
the technical aspects of designing and operating such a rotary drying system,
ensuring optimal performance and energy efficiency.

Understanding Rotary Dryers and Their
Applications

What Is a Rotary Dryer?
A rotary dryer is a cylindrical equipment that rotates around its axis, used
to reduce moisture content in bulk materials through direct or indirect
contact with hot gases. Its design allows for continuous operation, making it
suitable for large-volume drying tasks.

Common Uses of Rotary Dryers
- Drying mineral ores, such as sand, clay, and limestone
- Processing agricultural products like grains and seeds
- Chemical and pharmaceutical drying
- Waste management and sludge drying

Key Parameters for Designing a Rotary Dryer for
Dried Sand Production

Designing a rotary dryer to produce 20 MT/hr of dried sand involves several
critical parameters:



Material Characteristics
- Initial moisture content of raw sand (e.g., 10-15%)
- Final moisture content target (e.g., 1-3%)
- Particle size distribution
- Bulk density

Operational Parameters
- Desired production rate: 20 MT/hr
- Inlet temperature of raw material
- Discharge temperature
- Residence time

Heating Source and Fuel Properties
- Bunker oil HHV: 10,000 Kcal/kg
- Combustion efficiency
- Air supply and combustion air ratio

Calculating the Heat Required for Sand Drying

Accurate calculation of energy needs is fundamental to ensure the rotary
dryer operates efficiently.

Estimating Moisture Removal
Suppose the raw sand has an initial moisture content of 10% (by weight), and
the target final moisture content is 2%.

- Raw sand feed: 20 MT/hr
- Moisture in raw sand: 10% of 20 MT = 2 MT
- Moisture in dried sand: 2% of 20 MT = 0.4 MT
- Moisture to be removed: 2 MT - 0.4 MT = 1.6 MT/hr

Heat Energy Needed to Remove Moisture
The energy to evaporate the moisture is calculated as:

Q = Mass of water × Latent heat of vaporization

Where:
- Latent heat of vaporization for water ≈ 580 Kcal/kg

Thus:



Q = 1,600 kg/hr × 580 Kcal/kg = 928,000 Kcal/hr

Additional heat is needed to raise the temperature of the sand from inlet
temperature to the evaporation temperature, typically around 105°C, depending
on initial temperature.

Total Heat Requirement
Including sensible heat:

Q_total = Q_evaporation + Q_sensible

Assuming inlet sand temperature is 25°C, and the evaporation temperature is
105°C:

Q_sensible = Mass of dry sand × Specific heat × Temperature rise

Using specific heat of sand ≈ 0.2 Kcal/kg°C:

Q_sensible = 20,000 kg × 0.2 Kcal/kg°C × (105°C - 25°C) = 20,000 × 0.2 × 80 =
320,000 Kcal/hr

Total heat:

Q_total ≈ 928,000 + 320,000 = 1,248,000 Kcal/hr

Fuel Consumption Calculation

Given the total heat requirement and the fuel's HHV:

- HHV of bunker oil = 10,000 Kcal/kg
- Combustion efficiency (assumed) = 85% (0.85)

Effective calorific value:

Effective HHV = 10,000 Kcal/kg × 0.85 = 8,500 Kcal/kg

Fuel required per hour:

Fuel consumption = Total heat / Effective HHV

Fuel = 1,248,000 Kcal/hr / 8,500 Kcal/kg ≈ 147 kg/hr

This indicates that approximately 147 kg of bunker oil is needed per hour to
sustain the drying process.



Design Considerations for the Rotary Dryer

Dimensions and Capacity
- Length-to-diameter ratio: Typically 3:1 to 6:1, depending on residence time
- Diameter: Calculated based on throughput and residence time
- Length: Ensures sufficient contact time for effective drying

Airflow and Gas Flow
- Hot gases from bunker oil combustion flow through the dryer
- Airflow rate is critical for efficient heat transfer
- Proper sealing to prevent heat loss

Burner and Combustion System
- Reliable burner capable of burning bunker oil efficiently
- Proper air-fuel ratio for complete combustion
- Flame stability considerations

Material Handling
- Feed system to introduce raw sand evenly
- Discharge system for dried sand
- Screening or classification equipment as needed

Energy Efficiency and Environmental
Considerations

Optimizing Combustion
- Ensuring complete combustion reduces unburned hydrocarbons
- Using excess air judiciously to optimize efficiency

Heat Recovery
- Installing heat exchangers to preheat incoming raw sand
- Recovering waste heat from flue gases



Emission Control
- Proper filtration and scrubbers for soot and particulates
- Compliance with environmental regulations

Operational Tips for Maximizing Dryer
Performance

- Maintain consistent feed rate and moisture content
- Regularly inspect and clean burners and heat exchangers
- Monitor temperature profiles along the dryer
- Adjust airflow and fuel feed based on process feedback
- Schedule routine maintenance to prevent downtime

Economic Analysis and Cost Considerations

Capital Investment
- Cost of rotary dryer, burner system, and ancillary equipment
- Installation and commissioning expenses

Operating Costs
- Bunker oil fuel consumption (~147 kg/hr)
- Maintenance and labor costs
- Environmental compliance costs

Return on Investment (ROI)
- Energy savings through efficient operation
- Increased throughput capacity
- Reduced material wastage

Conclusion

Designing a rotary dryer fired with bunker oil with an HHV of 10,000 Kcal/kg
to produce 20 MT/hr of dried sand involves careful calculation of heat
requirements, fuel consumption, and equipment specifications. By
understanding the material properties, operational parameters, and energy
dynamics, operators can optimize the drying process for efficiency, cost-
effectiveness, and environmental compliance. Proper maintenance and process



control are key to sustaining high performance and ensuring the longevity of
the equipment. Implementing heat recovery and emission control measures
further enhances the sustainability of the operation, making it a viable and
profitable solution for large-scale sand drying applications.

---
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Frequently Asked Questions

What is the primary purpose of using a rotary dryer
fired with bunker oil in this process?
The primary purpose is to efficiently dry sand by removing moisture,
producing 20 MT/hr of dried sand for industrial use.

How does the high heating value (HHV) of bunker oil
impact the drying process?
A higher HHV of 10,000 Kcal/kg means more energy is available per unit of
bunker oil, enabling efficient and consistent drying while potentially
reducing fuel consumption.

What considerations should be taken into account
when designing the burner system for this rotary
dryer?
Design considerations include ensuring proper combustion efficiency, adequate
flame temperature, proper fuel-air mixing, and safety measures to handle
bunker oil's properties.

How is the fuel consumption estimated for producing
20 MT/hr of dried sand with bunker oil?
By calculating the energy required to evaporate moisture from the sand and
dividing that by the calorific value of bunker oil, accounting for system
efficiencies and heat losses.

What are the environmental implications of using
bunker oil as a fuel in this drying process?
Using bunker oil can lead to higher emissions of pollutants such as SOx, NOx,



and particulate matter, requiring appropriate emission control measures and
compliance with environmental regulations.

What are the key operational parameters to monitor
in this rotary dryer system?
Key parameters include inlet and outlet temperatures, moisture content of
dried sand, fuel consumption rate, rotary dryer speed, and combustion
efficiency.

How can energy efficiency be optimized in a bunker
oil-fired rotary dryer?
Efficiency can be improved by proper insulation, optimizing combustion
conditions, using heat recovery systems, and maintaining equipment to ensure
minimal heat losses.

What safety precautions are necessary when handling
bunker oil in the drying process?
Safety precautions include proper storage to prevent leaks, fire and
explosion prevention measures, adequate ventilation, use of protective
equipment, and adherence to handling protocols for hazardous materials.

Additional Resources
A Rotary Dryer Fired With Bunker Oil Having HHV = 10,000 Kcal/kg Is To
Produce 20 MT/hr Of Dried Sand

---

Introduction

In industrial processing, the drying of mineral sands is a critical step for
applications across construction, metallurgy, and environmental management.
The efficiency, energy consumption, and operational cost of drying equipment
significantly influence the overall productivity and profitability of such
processes. Among various drying technologies, rotary dryers stand out for
their robustness and capacity to handle large throughput. This article delves
into an investigative analysis of a rotary dryer designed to process 20
metric tons per hour (MT/hr) of dried sand, fueled by bunker oil with a high
heating value (HHV) of 10,000 Kcal/kg.

This comprehensive review explores the technical parameters, energy
considerations, operational challenges, and optimization strategies
associated with this specific setup. Through a detailed examination of the
process design, fuel characteristics, and performance expectations, we aim to



provide insights valuable for engineers, plant operators, and researchers
involved in industrial drying applications.

---

Background and Context

Significance of Sand Drying in Industry

Sand drying is fundamental in various sectors, including:

- Construction: As a component in concrete, mortar, and asphalt mixes.
- Metallurgy: For mineral processing and refining.
- Environmental Management: In sludge and waste treatment.

The quality of dried sand—particularly moisture content—is crucial for
ensuring optimal performance in subsequent applications.

Rotary Dryers: An Overview

Rotary dryers are cylindrical, rotating drum devices that utilize direct or
indirect heating to remove moisture from materials. Their advantages include:

- High processing capacity.
- Uniform drying due to tumbling action.
- Flexibility in handling different material types and moisture levels.

However, their design and operation require careful energy management,
especially when fueled by heavy fuel oils like bunker oil.

---

Technical Specifications and Process Requirements

Production Target

- Output: 20 MT/hr of dried sand.
- Initial Moisture Content: Typically ranges from 10-15%, depending on feed
material.
- Final Moisture Content: Usually targeted below 1% for industrial
applications.

Feed Material Parameters

- Sand Feed Rate: Estimated based on moisture removal requirements.
- Bulk Density of Raw Sand: Usually around 1.4 to 1.6 g/cm³.
- Moisture Removal Requirement: Calculated based on initial and desired
moisture levels.

Process Capacity and Equipment Sizing



To meet a throughput of 20 MT/hr, the rotary dryer must be appropriately
sized, considering:

- Drum length and diameter.
- Flight design for lifting and cascading the sand.
- Residence time sufficient for complete drying.

---

Fuel Characteristics and Energy Calculations

Bunker Oil Properties

- High Heating Value (HHV): 10,000 Kcal/kg.
- Specific Gravity: Usually around 0.94.
- Density: Approximately 0.94 kg/liter.

Energy Requirements for Drying

Estimating Moisture Removal

Assuming initial moisture of 12% and final moisture of 1%, for 20 MT/hr:

- Moisture to Remove per Hour:

Moisture in raw sand:

\( M_{initial} = 20\, \text{MT} \times 0.12 = 2.4\, \text{MT} \)

Moisture in dried sand:

\( M_{final} = 20\, \text{MT} \times 0.01 = 0.2\, \text{MT} \)

Moisture to be removed:

\( M_{removed} = 2.4 - 0.2 = 2.2\, \text{MT} \)

- Energy to Evaporate Moisture:

The latent heat of vaporization of water is approximately 540 Kcal/kg.

Total energy for moisture removal:

\( Q_{moisture} = 2,200\, \text{kg} \times 540\, \text{Kcal/kg} = 1,188,000\,
\text{Kcal} \)

Additional Sensible Heating

- Heating the sand from initial to final temperature (assumed 25°C to 105°C):

Specific heat capacity of sand: approximately 0.2 Kcal/kg°C.



Temperature rise: 80°C.

Sensible heat:

\( Q_{sensible} = 20,000\, \text{kg} \times 0.2\, \text{Kcal/kg°C} \times
80°C = 320,000\, \text{Kcal} \)

Total Energy Requirement

Total energy:

\( Q_{total} = Q_{moisture} + Q_{sensible} \approx 1,188,000 + 320,000 =
1,508,000\, \text{Kcal} \)

Considering efficiencies and losses, a higher energy input is
necessary—typically, an efficiency of around 70-80% is assumed for thermal
transfer in rotary dryers.

---

Fuel Consumption Analysis

Calculating Fuel Input

Assuming an overall thermal efficiency of 75%, the actual energy input
required:

\[
Q_{input} = \frac{Q_{total}}{0.75} \approx \frac{1,508,000}{0.75} \approx
2,010,667\, \text{Kcal}
\]

Bunker Oil Consumption

Given HHV of 10,000 Kcal/kg:

\[
\text{Fuel required per hour} = \frac{Q_{input}}{HHV} =
\frac{2,010,667}{10,000} \approx 201\, \text{kg}
\]

Daily Fuel Consumption

Assuming continuous operation:

\[
201\, \text{kg/hr} \times 24\, \text{hours} \approx 4,824\, \text{kg/day}
\]

This figure provides a baseline for fuel procurement and operational
planning.



---

Design and Operational Considerations

Rotary Dryer Design Parameters

- Diameter: Typically between 1.5 to 3 meters for this capacity.
- Length: Ranges from 10 to 20 meters, depending on residence time needed.
- Flight Design: To promote lifting and cascading, enhancing heat transfer.
- Lifting Angle: Usually around 5-8 degrees.

Combustion System and Burner Design

- Fuel Atomization: Proper atomization ensures complete combustion.
- Burner Type: Mechanical or pneumatic atomizers.
- Air Supply: Proper excess air (typically 10-20%) to ensure complete
combustion and reduce emissions.

Material Handling and Feed System

- Feed Size: Sand particles typically pass through 2-4 mm screens.
- Feeding Rate Control: To maintain steady throughput and avoid overloading.

Heat Recovery and Energy Efficiency Measures

- Preheating Feed: Using waste heat from the exhaust gases.
- Waste Heat Utilization: For other plant processes or space heating.

---

Challenges and Potential Solutions

Fuel Variability

- Bunker oil quality may fluctuate, affecting HHV and combustion efficiency.
- Solution: Regular fuel analysis and adaptive combustion control systems.

Emission Control

- Combustion of bunker oil produces SOx, NOx, CO, and particulate matter.
- Solution: Install scrubbers, electrostatic precipitators, or catalytic
converters.

Energy Consumption

- High energy input may lead to increased operational costs.
- Solution: Implement heat recovery systems and optimize process parameters.

Wear and Maintenance

- Combustion chambers and rotary drum components face wear due to high



temperature and abrasive materials.
- Solution: Use wear-resistant materials and schedule preventive maintenance.

---

Safety and Environmental Considerations

- Handling bunker oil poses fire and spill risks.
- Proper storage, handling protocols, and spill containment measures are
essential.
- Emission standards must be adhered to, requiring appropriate cleaning and
filtering systems.

---

Economic Analysis and Feasibility

Cost Factors

- Capital expenditure for dryer and fuel handling systems.
- Operating costs, primarily fuel and maintenance.
- Potential savings from energy efficiency measures.

Return on Investment (ROI)

- Based on increased throughput, reduced moisture content, and improved
product quality.
- Consideration of fuel price fluctuations and environmental compliance
costs.

---

Conclusion

The deployment of a rotary dryer fired with bunker oil of HHV 10,000 Kcal/kg
to produce 20 MT/hr of dried sand involves intricate considerations of
process design, energy management, and operational efficiency. The estimated
fuel requirement of approximately 4,800 kg/day underscores the importance of
optimizing combustion and heat transfer processes to minimize costs and
environmental impact.

Proper sizing of the rotary dryer—taking into account residence time, drum
dimensions, and flight design—is crucial to achieving the desired throughput
and moisture removal. Incorporating heat recovery, emission control, and
safety measures further enhances the process's sustainability and compliance.

In conclusion, while bunker oil provides a high-energy fuel source suitable
for such industrial applications, careful planning, rigorous operational
control, and ongoing optimization are essential to maximize efficiency,
reduce costs, and meet environmental standards.



---
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