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ABSTRACT 
The main aim was, to design Pit Furnace from the 

setup of black smithy. As the Smithy setup was not in use so it 

is converted into Pit Furnace setup. The purpose of using Pit 

Furnace is to melt nonferrous material. The Nonferrous 

materials such as Aluminum, Aluminum alloy, Copper, Brass, 

etc. The Aluminum has less melting point (680ᵒ C, 1218ᵒF) and 

cheaper than other. The thermal efficiency of furnace is 

13.72% which is obtained by melting 2 kg of Aluminum for 75 

minutes. Normally thermal of pit furnace is between 4-19%. 

The blower is used to supply the air into the furnace chamber 

to burn the coal. For melting the Aluminum, Crucible should 

sustain higher temperature so Graphite Crucible is used. This 

Crucible has thinner wall and have more refractory 

properties. 

 

Keywords— Pit Furnace, Aluminum, Thermal Efficiency, 

Crucible 

 

 

I. INTRODUCTION 
 

Furnace is a device which is used in industries for 

many things such as, the extraction of metal from ore 

(smelting) or in oil refineries and other chemical plants, for 

example as the heat source for fractional distillation 

columns. Pit furnace is most utilized furnace in 

manufacturing industry because it is easy to control, high 

efficiency and cleanliness. There are two types of Pit 

furnace horizontal and vertical. And in the most of industry 

vertical type pit furnace is used. In this type of pit furnace 

most of nonferrous materials are melt. Hence these 

materials are melted by using Subsector (Crucible). 

Graphite crucibles are widely utilized for such application 

because graphite has high melting temperature, easy 

machinability, and high thermal stability.
 [1] 

Pit furnace 

method is easy phenomenon and for each different 

applications, detailed study and analysis is required that 

includes, 

1. Bricks design as per size of crucible and thermal 

property. 

2. Suitable blower pressure to achieve maximum heat for 

burn. 

3. Space for ladle lifting. 

4. Coal size and its heating property.  

Fire clay refractories are commonest of all refractories. Fire 

clay refractories containing less than 40% alumina are 

classified into: 

1. Medium heat duty, and 

2. High heat duty fire clay refractories.
 [2] 

Fireclay refractories are made into bricks and 

blocks of various standard sizes and shapes and also as per 

specific requirement of user industries.
 [3] 

Fire clay 

refractory products are used by almost every industry, 

which has heat processing in the production process Iron 

and steel, cement, petrochemicals, sugar, non-ferrous 

metal, glass and ceramic industries are some of the user 

industries. 

A typical prior pit furnace apparatus is shown and 

described in U.S. Pat. No. 2,264,740, issued to Brown on 

Dec. 2, 1941 for a Melting and Holding Furnace. With the 

intrusion of the crucible into the melting chamber, the 

volume of the melting chamber is reduced, thus requiring a 

larger furnace for a given volume of melt, with a 

correspondingly higher cost of construction. 

Correspondingly, with the smaller housing, for efficient 

heat transfer through the walls of the housing, the chamber 
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size must be smaller. In either furnace, the crucible or 

housing is subjected to physical and thermal, as well as 

chemical abuse from the direct contact with the solid or 

molten metal thus requiring replacement and consequent 

higher operating costs and downtime.
 [4] 

 

II. CONSTRUCTION 
 

For the construction of pit furnace fire clay and 

fire bricks are used. The thickness of fire bricks is 75mm 

with dimension 220mm x 110mm. With the help of bricks, 

the hexagonal structure (Side length 400mm) is made and 

circular shape is provided by covering the sheet metal to its 

surrounding and it act as insulation. At the bottom of 

furnace from the height of 110mm approximately, 5 rods of 

500mm each are placed horizontally. Two rods of 350mm 

are also placed at the both side of 500mm rods respectively 

as shown in figure no. 2. The distance between each rod is 

kept 1 inch exactly. The purpose of this arrangement is to 

provide air supply from the blower, which is placed 

backside of pit furnace and to burn coal properly. The 

chimney is placed above the furnace at the height of 

1250mm. To supply the air to the furnace, blower is used, 

with help of assembly of galvanized iron pipe and pressure 

control valve. One pipe is of diameter 25mm and length 

100mm. and pressure control valve of diameter 25mm and 

length 300mm is attached to the blower. 

 

 
Figure 3. Circular Metal Sheet 

 

 

Figure 4. Melting Aluminum 

 

Table no.1 Specification of Pit Furnace 
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2.1 Crucible 

A crucible is a container that can withstand very 

high temperatures and is used for metal, glass, 

and pigment production as well as a number of modern 

laboratory processes. 

1. Material- Graphite Crucible 

2. Grade No- B16 

3. Dimensions- Height: Top diameter: 250mm, 

bottom diameter: 150mm. 

4. Quantity- 10 to 12 Kg 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Graphite Crucible 

 

2.2 Ladle 

The Ladle is used for lifting the crucible and to 

pour molten metal into mold to produce casting. 

1. Material: Mild Steel 

2. Total length: 950mm 

3. Ring diameter: 220mm 

4. Handle length: 400mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Ladle with Crucible 

 

III. RESULTS AND DISCUSSION 
 

The efficiency of the furnace can be calculated by 

direct method considering the amount of heat required to 

melt the scrap to the amount of fuel energy supplied to 

melt the scrap. Furnace efficiency increases when the 

percentage of heat that is transferred to the stock or load 

inside the furnace increases. It is also determined by 

measuring the amount heat absorbed by the stock and 

dividing this by the total amount of fuel consumed. 

Theoretically it is given by,
 [5] 

ƞThermal= Qs x 100/Qf                           (Eq 1.1) 

Where; 

ƞThe = Thermal efficiency of furnace (%). 

Qs is the total amount of heat required to melt the stock 

(KJ). 

Qf is the amount of heat supplied by the fuel to melt the 

stock (KJ). 

 

The total heat required melt the stock Qs is given by: 

             Qs=M x Cp x (ΔT)                               (Eq 1.2)   

Where; 

M is mass of metal (kg). 

Cpis specific heat capacity of Aluminum (KJ/Kg K).  

ΔT is temperature difference (Ta – Tf) (°C). 

Ta is ambient temperature (°C). 

Tf is maximum furnace temperature (°C). 

The total heat supplied by the fuel is given by: 

                         Qf=Lf x Sg x Tt x Cv.                  (Eq 1.3) 

Where; 

Qf = Amount of heat supplied by the fuel (KJ).  

Lf = Quantity of fuel consumed (liters). 

Sg = Specific gravity of fuel. 

Tt = Time taken to melt the stock (hrs.). 

 Cv =Calorific value of fuel (KJ/Kg K). 

The time taken to melt aluminum is 75 minutes 

(Tt) and ambient temperature was 30°C, maximum 

furnacetemperaturewas1000°C.Theperformanceoffurnaceis 

analyzed by the experimental results gotten and from the 

ASTM standards, Coal has the calorific value of 8000 KJ/Kg 

and specific gravity is 1.3. The specific heat capacity of 

aluminum scrap is 0.920 KJ/Kg K
 [6] [7]

 

From the Equation 2 the heat required to melt the 

aluminum is  

Qs = 2 x 0.920 x (1000-30) = 1784.8 KJ. 

From the Equation 3 the heat supplied by the fuel, heat 

input 

Qf=10 x 1.3 x 1.25 x 8000=13000KJ. 

From the Equation 1 the thermal efficiency of furnace is 
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ηThe=Qs/Qf=1784.8/13000=13.72%. 

 

IV. METHOD APPLIED TO GET 

RESULT 
 

The crucible is placed in a pit below the floor 

level, and it is fired with coke. The charge to be melted is 

placed in crucible, and coke is packed around the crucible. 

Natural draft is provided by tall chimney. After the metal 

is melted, the covers are removed; the crucible is lift out 

with the help of ladle. The laser type digital pyrometer is 

used for measuring the temperature of melting metal and 

taken to the pouring. And after cooling of poured molten 

the cope and drag are removed.  

 
  Figure.7. Pouring of molten metal into mold 

 

V. CONCLUSION 
 

The developed furnace has ƞThermal of 13.72%. 

Normally   pit furnace efficiency lies between 4%-19%. 

After the complete experimentation it can be concluded 

that the furnace may be effectively used for melting non-

ferrous metal. It enhances the technical skills of the 

students by using as an academic laboratory experiment to 

produce the aluminum castings. This paper presents the 

design and fabrication of pit furnace to melting the 

aluminum metal. Only mechanical requirement for pit 

furnace is considered. The geometrical parameters of the 

furnace such as diameter of melt, height of melt, were 

determined directly by the furnace capacity. The digital 

pyrometer is used to measure melting point of aluminum 

(Range -32
ᵒ
c to 950

ᵒ
c). 
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