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Abstract---  The aim of this project is to reduce the heat transfer from recirculation fan to 

bearing system in Bell annealing furnace. Bell annealing furnace in salem steel plant is used 

to reduce the internal strain of hot rolling coil.While running the furnace, inside furnace 

temperature at maximum 850°C. This recirculation fan is used to circulate the heat air and 

heating the steel coils. At this time the heat, transfer into bearing systems and goes to failure. 

This paper gives a water cooling system used in the steel industries and increases the bearing 

efficiency.   
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I. INTRODUCTION 

 

In many fields, various types of furnaces are being used for various purposes. Bell 

Annealing is a type of annealing that derives its name from the shape of the furnace used 

during the process. Bell Annealing heats batch coils of metal which are placed on a base 

furnace assembly, enclosed by an inner cover, and covered by the furnace. These furnaces are 

mostly used in the steel plants for making high ductility steel coils. In this project, it mainly 

discusses about water cool jacket and design calculations. 

 

A steel plant in Salem was opened by Government of India decided in May 15, 1972 to set 

up an integrated special steel plant at Salem in the state of  Tamil Nadu for the production of 

sheet coils and strips of electrical, stainless and other special and mild steels.  

 

The construction of the plant was inaugurated in June 13,1972 by the late Shri Mohan 

Kumaramangalam, the  then Minister for steel & Mines. Thus a dream of having a steel plant 

in Salem had started taking a shape in the foot-hills of Kanjamalai. The company “Salem 

steel limited” was registered on October 25, 1972. It was a government of India undertaking 

and subsidiary of steel authority of India limited(SAIL). Shri Subramanian was the managing 

director of the Salem steel limited. 

 

The plant was to construct 32,000 tones of cold rolled stainless steel strips and wide sheet 

per annum in the first phase. The plant replace hot rolling mill into latest in cold rolling 

technology. After in the second phase, the production capacity was increased to 70,000 tones 

per annum by installing the second cold rolling mill. Stainless steel from Salem find 

application in many industries-nuclear, pharmaceuticals, petroleum, food processing, 

chemicals, fertilizer, household appliances and country.  
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The plant is actively pursuing development activities to promote use of stainless steel in 

new areas such as coinage, railway coaches, building, furniture, automobiles, etc. in addition 

to the cold rolling mills. As one stop ahead in reaching the goal of backward integration, hot 

rolling steckel mill was commissioned during November 3, 1995 with an installed capacity of 

around 2 lakh tones with an approximate investment of Rs.839 cores. This mill is capable of 

rolling both stainless and non stainless steels. 

 

1) ANNEALING:  

Annealing is a softening process for metal that reduces internal strain caused by work 

hardening and facilitates recrystallization and grain growth. When metals are formed or 

processed, strain hardening occurs, decreasing ductility and increasing hardness. This 

hardening leaves metals brittle, often causing cracking or breaking during successive 

operations. For many applications, these residual stresses within the structural makeup of the 

molecules must be easy. Annealing returns the ductility to the metal allowing for change 

future operations and processing.  

 

An overhead crane is used to load the base and move the equipment when the furnace is 

suspended from the crane, it looks like a bell. The base assembly is the source of convection 

and the main method of heat transfer to the charge. The inner cover seals in the desired 

atmosphere and protects the charge from the burners‟ direct electrical heat. Keeping 

contaminants out of the annealing atmosphere prevents chemical changes as well as 

eliminating the formation of oxides and soot on the metal. The furnace brings the charge to 

the desired temperature to allow for the metallurgical changes to occur in the roll coils. 

 

Direct fired, tangentially fired, radiant tube, and electrical resistance are furnace types 

related to the method used to heat the charge. After heat treatment, cooling is performed by 

removing the furnace leaving the inner cover in place to maintain the protective atmosphere. 

If a bright finish is desired, the metal must be cooled to near ambient temperature before 

exposing the metal to air. In this case, another piece of equipments utilized: a forced-cooler. 

The forced-cooler replaces the furnace at the end of the heating cycle and uses air and 

sometimes spray water to accelerate the cooling of the outside of the inner cover. 

 

 

Fig.1 Flow Of Heat Air Inside Annealing Furnace 
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2) BELL ANNEALING FURNACE: 

Bell furnaces are used to anneal both strip and wire coils. Furnaces designed for strip are 

generally of a single-stack‖ configuration. The base diameter accommodates on coil centered 

over the base fan. The strip coils are stacked on top of one another, separated by convector 

plates. The circulated atmosphere flows up the sides and back down to the fan through the 

center of the coil. 

To anneal wire, the coils must first be placed on a carrier, which is then loaded onto the 

annealing base. Furnaces designed for wire are generally of a multi-stack‖ configuration. This 

requires a larger base, making the wire annealing furnaces short and wide compared to the 

strip counterparts. Like a strip furnace, the convection flow goes up on the sides and down 

the center. For multi-stack wire systems, a plenum is used above the diffuser to direct all the 

flow to the inner cover wall and provide a return path for flow to the large convection fan. 

The main advantages of a Bell-Type annealing furnace are: 

 Excellent temperature uniformity  

 Good production rates  

 Consistent product quality  

 Low operating costs  

 Efficient use of furnace asset by cooling with inner cover  

 Savings in shop floor space requiring less capital investment and reducing material 

handling  

 

 
 

Fig.2 Cross Sectional View Of Bell Annealing Furnace 
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3) RECIRCULATION FAN (RCF) ASSEMBLY: 

For quick cooling of the charge steel coils, the cooling bell, the structure of the protective 

cover and the furnace bases are designed and built for water-cooling of the protective cover 

by a water shower. In recirculation fan, connecting shaft and bearing have heat to reduce by 

water cooling system. Following parts are assemble in RCF, 

a) Recirculation fan 

b) Connecting shaft 

c) Ball Bearings 

d) Bearing cover 

e) V-Pulley 

 

Fig.3 RCF Assembly  

4) RECIRCULATION FAN(RCF): 

 

To operate the furnace system economically an even and fast exchange of heat is required. 

The hydrogen atmosphere used in conjunction with a high convection recirculation fan(RCF) 

promotes optimum temperature uniformity which yields higher quality crystalline structure, 

reduced decarburization and homogeneous physical properties of the annealed material. Our 

circulating fans can withstand temperatures of up to 1,000°C and are used for tempering, 

annealing and hardening furnaces, as well as for core drying.  

 

 

Fig.4 Recirculation Fan 
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Recirculation fan were cracked at the inner face of the sheet metal rim while the rim of the 

third was completely cracked through center. An analysis of the sheet metal rim of one of the 

disks showed the following composition: 0.06C, 1.98Si, 25.8Cr, and 35.8Ni. A steel of such 

high chromium content was susceptible to s-phase formation when annealed less than 800 

deg C. The material selected was therefore unsuitable for the stress to be expected. In view of 

the required oxidation resistance, a chromium-silicon or chromium-aluminum steel with 6 or 

13% Cr would have been adequate. If the high temperature strength of these steels proved 

inadequate, an alloy lower in chromium would have been preferable. 

i. RECIRCULATION FAN(RCF) SPECIFICATIONS :                                                . 

a) Model: ”Thermocartridge”MI-31 

b) Type: V-belt motor driven unit with a rotation of    clockwise when viewed from 

top forwards impeller face. 

c) Construction: As per drawing. 

d) Capacity: The fan is designed to handle 19000m³/hr of hot air at 1650rpm impeller 

speed and 12700m³/hr at 1100rpm. 

e) Motor: “kirloskar” max 18.5 KW/25 hp, 4 pole(1500rpm), class „B‟ insulation. 

f) V-belt: Fenner size: C68. 

g) Pulley: Fenner size: 10.48” OD*5C (motor) 

ii. SPEED SEQUENCES IN RECIRCULATION FAN: 

1) Cold start and maintain up to 200˚C with 1100rpm. 

2) Changeover of 200˚C and maintain up to 790˚C with 1650rpm. 

3) Change over at 790˚C and maintain up to end of sealing with 1100rpm. 

4) Maintain from end of soaking up to 790˚C with 1100rpm. 

5) Changeover of 790˚C and maintain up to 200˚C with 1650rpm. 

5) TYPE OF COOLING SYSTEM: 

 

5.1) OUTER COVER (FIN TYPE): 

In the study of heat transfer, a fin is a surface that extends from an object to increase the 

rate of heat transfer to or from the environment by increasing convection. The amount of 

conduction, convection, or radiation of an object determines the amount of heat it transfers. 

Increasing the temperature difference between the object and the environment, increasing the 

convection heat transfer coefficient, or increasing the surface area of the object increases the 

heat transfer. Sometimes it is not economical or it is not feasible to change the first two 

options. Adding a fin to an object, however, increases the surface area and can sometimes be 

an economical solution to heat transfer problems.  

 

Fin efficiency is one of the parameters which make a higher thermal conductivity material 

important. A fin of a heat sink may be considered to be a flat plate with heat flowing in one 

end and being dissipated into the surrounding fluid as it travels to the other. As heat flows 

through the fin, the combination of the thermal resistance of the heat sink the way of the flow 

and the heat lost due to convection, the temperature of the fin and, therefore, the heat transfer 

to the fluid, will decrease from the base to the end of the fin. Fin efficiency is defined as the 

actual heat transferred by the fin, divided by the heat transfer was the fin to be isothermal 

(hypothetically the fin having infinite thermal conductivity). 
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Fig.5 Fin Type Outer Cover 

     5.2) COOLING FAN: 

 

Industrial fans and blowers are machines whose primary function is to provide a large flow 

of air or gas to various processes of many industries. This is achieved by rotating a number of 

blades, connected to a hub and shaft, and driven by a motor or turbine. The flow rates of 

these fans range from approximately 200 to 2,000,000 cubic feet (5.7 to 57000 cubic meters) 

per minute. A blower is another name for a fan that operates where the resistance to the flow 

is primarily on the downstream side of the fan. 

 

Most industrial fans may be categorized into one of two general types:  

1. Centrifugal fans                                   2. Axial fans. 

 

    5.2.1 CENTRIFUGAL FAN:                                                                                                 . 

 

As the name suggests, the centrifugal design uses the centrifugal force generated by a 

rotating disk, with blades mounted at right angles to the disk, to impart movement to the air 

or gas and increase its pressure. The assembly of the hub, disk and blades is known as the fan 

wheel, and often includes other components with aerodynamic or structural functions. The 

centrifugal fan wheel is typically contained within scroll-shaped fan housing, to suck air from 

atmosphere reduce heat flow inside the shaft.  

 

The air or gas inside the spinning fan is thrown off the outside of the wheel, to an outlet at 

the housing's largest diameter. This simultaneously draws more air or gas into the wheel 

through the central hole. Inlet and outlet ducting are often attached to the fan's housing, to 

supply and/or exhaust the air or gas to the industry's requirements. 

There are many varieties of centrifugal fans, which may have fan wheels that range from 

less than a foot (0.3 meters) to over 16 feet (5 m) in diameter. 

 

     5.2.2 AXIAL FAN: 

 

The axial design uses axial forces to achieve the movement of the air or gas, spinning a 

central hub with blades extending radially from its outer diameter. The fluid is moved parallel 
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to the fan wheel's shaft, or axis of rotation. The axial fan wheel is often contained within a 

short section of cylindrical ductwork, to which inlet and outlet ducting can be connected. 

Axial fan types have fan wheels with diameters that usually range from less than a foot 

(0.3 meters) to over 30 feet (9 m), although axial cooling tower fan wheels may exceed 82 

feet (25 m) in diameter. In general, axial fans are used where the principal requirement is for 

a large volume of flow, and the centrifugal design where both flow and higher pressures are 

required. 

 
Fig.6 Axial Fan 

II. PROJECT DESCRIPTION 

I. CONNECTING SHAFT: 

Since shafts take on several different configurations and are used for many different 

purposes, several different definitions are in common use, as listed below. The 

nomenclature is not always clear cut and there is often an overlap of function and therefore 

of definition. 

 

A. Shaft- In general, a ROTATING member used for the transmission of power. 

 

B. Axle -Generally a STATIONARY member used as a support for rotating members 

such as bearings, wheels, idler gears, etc. 

 

 

They used following dimensions shaft shown in the given below fig, 

 

 

Fig.7 Connecting Shaft In Pro-E Design 
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II. WATER COOL JACKET: 

A water jacket is a water-filled void surrounding a device, typically a metal sheath having 

intake and outlet vents to allow water to be pumped through the void. The flow of water to an 

external heating or cooling device allows precise temperature control of the device. Water 

jackets are often used in water cooling. They are also used in laboratory glassware: Liebig, 

Graham, and Alien condensers. Water jackets were used to cool the barrels of machine guns 

at the time of the First World War, but modern machine guns are air-cooled to conserve 

weight and hence increase portability. 

 

In a reciprocating piston internal combustion engine the water jacket is a series of holes 

either cast or bored through the main engine block and connected by inlet and outlet valves to 

a radiator. Equipment such as tissue culture incubators may be enclosed in a water jacket kept 

at a constant temperature. 

 

The invention is to solve the technical problem is to provide a can reduce the steam of  

vertical annealing furnace water jacket the device can effectively reduce the band steel water 

quenched the waste steam the outside of the energy and decrease the salt water the using 

amount of energy saving and high efficient. 

This invention is to solve said technical problem the adopted technical plan is as follows: 

 

 Can reduce the steam of vertical annealing furnace water jacket it mainly comprises: 

Water cooling sleeve shell body in the shell body with steel vertical two sides of channel is 

arranged in parallel in vertical direction the cooling tube bundle and each side of the cooling 

tube bundle of the bottom end is set by cooling water collecting pipe cooling water inlet of 

each side of the cooling tube bundle is set on the top end of the cooling water collecting pipe 

cooling water outlet of the water cooling sleeve mounting bracket is horizontally set on the 

water jacket are set on the shell body water jacket is installed bracket support on the 

mounting platform and are set on the annealing furnace the exit of the sealing device of the 

water spray tower between. 

 

Fig.8 Water Cool Jacket In Pro-E Design 
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In this water cool jacket are used Mild steel-304 grade types of material. It‟s affected 

easily by the salt water. So now change the material and select Mild steel-316 grade, it‟s 

more effective than mild steel-304 family. 

Below table to compare the properties of this different material, 

 

S. 

NO 

MATERIAL MILD STEEL 

304 

MILD 

STEEL 

316 

1 C 0.08% 0.08% 

2 Mn 2% 2% 

3 P 0.045% 0.0%4 

4 S 0.03% 0.03% 

5 Si 1% 1% 

6 Cr 18-20% 16-18% 

7 Ni 8-12% 10-14% 

8 Mo - 2-3% 

 

Fig.9 Water Cool Jacket (Original)  
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The addition of 2% molybdenum makes 316 considerably more resistant to corrosion and 

oxidation than the 304 family of alloys. So select the mild steel-316 and apply to the water 

cool jacket material obtaining good performance of RCF assembly. 

III. CONCLUSIONS                                                                                                                     

. 

About this project the design of water cool jacket in recirculation fan assembly was used in 

bell annealing furnace at Salem steel plant. The water cool jacket was arrest the heat 

fluxuation from furnace to recirculation fan assembly. In the old phase doesn‟t have water 

cool jacket, axial fan and fin type bearing outer cover. The axial fan attached to the bearing 

shaft between recirculation and bearing. This axial fan continuously rotating and reduce heat 

from the bearing system. Also the fin type bearing outer cover to dissipate the heat from 

recirculation fan assembly. Those cooling system are reducing the heat and increasing the life 

time of recirculation fan assembly. It is concluded that  if implement the water cool jacket, 

axial fan and fin type bearing outer cover in recirculation fan assembly it might change the 

working efficiency of Bell annealing furnace. 
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