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Development and performance evaluation of a high velocity burner for 
furnace operations 

O.A. Ighodalo, C.I. Ajuwa and B.R. Iredje 
Mechanical Engineering Department 

Ambrose Alli University, Ekpoma 
ABSTRACT 

Burners are very important in the metal processing industries where they are used for a variety of 
purposes. A high velocity burner is developed and tested. The main components of the burner 
include the burner nozzle, mixing tube, down-stream section and the throat. A cross-connected 
Regulator is also incorporated for air fuel ratio control. An open-air test was carried out on the 
burner and flame temperature values were taken along the axial flame axis for different gas 
pressures. From the test carried out, the highest temperatures recorded were 488.1, 688.8 960.3 
and 1275 °C for gas pressures maintained at 30, 60, 90 and 100% corresponding to 0.53, 1.02, 
1.53 and 1.7 bar respectively. 
The results show that the burner can be used for high temperature Furnace applications. 
 
Keywords: Burner, Flame, Temperature, Test 
 

INTRODUCTION 
 
A Burner is a device that is used to combust a 
mixture of fuel and oxidizer, thus converting the 
chemical energy in the fuel into thermal energy 
(Buakal et al, 2001). The thermal energy or heat so 
generated is usually transferred to some type of load. 
Different types of burner designs are produced based 
on such factors as type of fuel, oxidizer, and 
combustion chamber geometries; environmental 
regulations, thermal input and heat transfer 
requirements which include flame temperature, flame 
momentum, and heat distribution. A given 
combustion system may have a single burner or 
many burners, depending on the size and type of the 
application. It is usually important to match the burner 
to the load so as to ensure maximum heat transfer 
and system thermal efficiency. This impacts positively 
on operating costs and pollutant emissions, giving a 
reduction, since less fuel needs to be combusted for 
a given production rate. When the outlet port of a 
burner is sized to provide an exit velocity exceeding 
90m/s to the combustion products passing through it, 
such a burner becomes a high velocity burner 
(Baukal, 2004).  
 

Burners are a key component in industrial 
combustion applications such as in metals, minerals 
and chemicals production and processing, waste 
incineration, steam generation in boilers, power 
generation and industrial drying processes. A 

classification by type of fuel gives solid, liquid or 
gaseous fuel-fired burners. The type of draft 
employed give rise to forced draft and natural draft 
burners, while pre-mixed and diffusion burners are so 
named because of the type of mixing of fuel and 
oxidizer. Air-fuel and oxy-fuel burners are burner 
types based on the type of oxidizer used (Baukal, 
2004). 

The aim of the present work is to develop and test a 
gaseous fuel, pre-mixed type burner which employs 
forced draft in mixing the fuel and the air. The test will 
determine the functionality of the burner. 

Design Analysis for the Burner:  
The Burner is venturi-shaped and consists of the 
inlet, throat, mixing tube, down stream section and 
the tip or nozzle each of which play a major role in 
the performance of the burner. 
The expressions for the burner heat release and fuel 
gas mass flow rate are as given by Baukal (2004).  
 
Burner Heat Release: The Burner heat release or 
the burner output power is determined from the 
expression: 

mHVHR =                                                                   
(1) 
where, HR is the burner heat release, m is the mass 
flow rate of the fuel, and HV is the heating value of 
the fuel. 
 
Fuel gas flow rate: The fuel gas flows through an 
orifice and the flow rate depends on the flow 
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condition whether it is sonic or subsonic. The fuel 
flow condition at the orifice is determined by the 
critical pressure ratio which is given by: 
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where  cP   is the critical pressure ratio and k  is the 

ratio of specific heats of the fuel.           If tCP  > 

tb PP , then the fuel exits the orifice at sonic 

conditions. If cP < cb PP , then the fuel exits the 

orifice at subsonic conditions. bP  and tP  are 
absolute values of atmospheric and fuel pressures 
respectively. 
Hence, for sonic conditions the mass flow of the fuel 
through the orifice is given by:                       
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where dc  is the orifice discharge coefficient which 
ranges from 0.75 to 0.95, A is the area of the orifice. 
Tt is the temperature of the fuel gas, R is the 
universal gas constant which is equal to 8314.34 
J/kmol .K, MW is the molecular weight of the fuel and 
gc is the gravitational constant equal to 1.0 
(kg.m)/(N.s2). 
For subsonic conditions, the fuel mass flow rate is 
given by: 
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 The subscript, e, denotes the orifice exit, Me is the 
mach number of the fuel, Te is the temperature of the 

fuel, ce is the speed of sound in the fuel, and el  is 
the density of the fuel. 
 
Design of the Venturi Section: Adiabatic 
compressible flow equations for an ideal gas are 
used in designing this section of the burner. The 
relationship between Mach number and velocity at 
the throat is given  by Rajput (2003), 

                
kRT
VM =                  (9) 

where kRTc = , is the sonic velocity. 
The relationship between the critical throat area Ac, 
where the mach number is unity and the area A at 
any section where the mach number may be greater 
than or less than 1 is given by: 
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Design calculations for the Burner 
Calculations for Burner Heat release and Gas 
Orifice: From the heat balance calculations for the 
furnace for which this burner is being developed, the 
fuel consumption of the furnace is, 
                   B=12.55 kg/period. 
 Which for a one hour period gives, 

Mass flow rate of fuel 0035.0
36001

==
x

Bm kg/s 

Heating value for butane, Hv=45800 kJ/kg                     
Therefore from equation (1), the burner heat release, 

kWxHR 3.160458000035.0 ==                
The critical pressure for the fuel is calculated from 
equation (2) as, 

 585.0
11.1

2 11.1
1.1

=⎥⎦
⎤

⎢⎣
⎡

−
=

−

CP  

where, k=1.1 for Butane, (Baukal,2004). 
Assume standard atmospheric pressure (Pb) = 1.013 
bar and pressure of fuel, Pt = 1.7 bar, then 

                    595.0=
t

b

P
P

 

        
 
this is subsonic condition since Pc <Pb/Pt.  
The area of gas orifice can be determined from the 
gas mass flow rate equation (4). 
                    eeed cAMcm l=     
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 where  
 m = 0.0035 kg/s 
 Cd = 0.85 
From equations (5) to (7) 
 ge = 2.35 kg/m3    
 Me= 0.61 
          Te = 277.83k   
 ce = 209.31 m/s 
Therefore area of orifice, 
                    

         251037.1
31.20961.035.285.0

0035.0 mx
xxx

A ==  

         
The diameter of orifice is, 
           

                  mAdo 004.04
==

π
 

 
Take actual orifice diameter as 6mm 
 
Calculations for the Venturi section 
 
Using the theoretical air fuel ratio, the mass flow rate 
of air is: 
                   xmma 0.17=  

                   skgxma /060.00035.00.17 ==  
 
Dividing by density of air gives the volume flow, 
                        
                    Q     = 0.05 m3/s 
 
A diameter of 28mm is chosen for inlet and throat of 
burner, with a length  
 
to diameter ratio of 7,length of throat is, 
                     mxLt 196.0028.07 ==   
area of burner throat, 
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Air velocity at throat, 
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Mach number at throat’ 

169.0
5732874.1

2.81
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xxkRT
VM t

t  

 
With this Mach number in the table of one 
dimensional isentropic relations  
 
for air , the area ratio is 

                    48.3=
tA

A
 

Therefore area at mixing tube end is, 
 
                     234 102.2102.648.3 mxxxA −− ==   
 
from which the diameter is d = 0.054m. 
 
Downstream section and Burner tip 
For the down stream section the chosen diameter 
and length are 54mm and 50mm respectively while 
that for the burner tip are 42mm and 75mm 
respectively.  
 
Design Specifications for Burner 
Fuel gas Orifice diameter                 6mm 
Throat diameter                            28mm 
Throat length                                20mm 
Mixing tube exit diameter               54mm 
Mixing tube divergence angle            7o 
Downstream section length            50mm  
Downstream section diameter        54mm 
Burner tip diameter                       42mm 
Burner tip length                           75mm       
 
Construction and Performance evaluation 
The designed burner was constructed using mild 
steel material. The nozzle, downstream section, 
mixing tube and throat were machined separately 
and threaded to make for ease of dismantling and 
assembling.  
 
A 2.5cm air valve is placed at the inlet section to 
control the air flow into the burner.  
 
A cross-connected regulator is connected to the 
burner through the gas inlet nozzle on the burner. A 
pressure sensing line is run from the burner 
combustion air line to the regulator’s gas valve while 
the gas hose from the gas cylinder is connected to 
the inlet of the regulator. The cross-connected 
regulator is designed to maintain a fuel outlet 
pressure that matches the combustion air. The high 
velocity air supply from a blower entrains fuel (gas) 
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from the gas orifice which is introduced at the burner 
throat at an angle of 300.  
 
The cross-sectional and assembled views of the 
burner are shown in Figure 1. 

 
Fig. 1: Cross-sectional and assembled view of the 
Burner  

 
Test procedure 
 
The Burner was tested to determine its functionality. 
The following test procedure was followed. 

1. The burner was connected to an air 
blower and the gas (butane) supply. The 

blower has a capacity of 0 to 5000 m3/s 
and rotative speed of 300 to 3000 rpm 
(Cherkassy, 1985). 

2. The burner was placed in a horizontal 
position on a measuring stand. 

3. The burner was lit and the gas pressure 
maintained at 30% (0.53 bar) 
corresponding to a flow rate of 1.68x10-6 
m3/s. The corresponding air-flow rate 
was 5.72x10-5 m3/s. 

4. The flame temperature was measured 
using an infra-red Thermometer (model 
39800, temperature range 0-1200 0C), 
and a pyrometer/multi-tester (model HC-
3500T, temperature range 0-2000 0C 
using fibre-glass coated k-type 
thermocouple), along the flame axis at 
distance of 0 to 45cm from the burner tip 
in steps of 5cm. 

5. The same procedure was carried out for 
gas pressures of 60% (1.02 bar), 90% 
(1.53 bar) and 100% (1.7 bar) 
corresponding to gas flow rates of 3.36 x 
10-6, 5.04 x 10-6, and 5.6 x 10-6 m3/s 
respectively. The corresponding air flow 
rates are 1.12 x 10-4, 1.72 x 10-4, 1.91 x 
10-4 respectively. 
 

RESULT AND DISCUSSIONS 
The readings obtained from the measurements 
are as tabulated in  
 
Table 1. A plot of temperature against flame axis 
distance is shown in Figure 2 for the gas 
pressures. 
 

 
Table 1: Temperature values along flame axis at different gas pressures. 

Axial distance 
along flame 
axis (cm) 

                  Temperature( o C) at  % gas pressure 
30% 
(0.53 bar)  

60% 
(1.02 bar) 

90% 
(1.53 bar) 
 

100% 
 
(1.7 bar) 

  0   219.0   346.4   469.1 70 
  5   373.7   550.6   737.0 1231.0 
  10   383.3   561.8   841.4 1275.0 
  15   453.6   607.2     853.2 1220.0 
  20   488.1   688.8   935.5 1175.0 
  25   454.9   669.6   960.3 1171.0 
  30   450.8   519.8   901.7 1130.0 
  35   340.8   499.2   831.3 1088.0 
  40   306.6   472.2   703.4 902.0 
  45   305.4   424.8   653.8 605.0 
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Figure 2: Temperature along flame axis at different 
gas presssures 
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It can be observed from Table 1 and the graph 
plotted that higher temperatures were obtained as the 
gas pressure (flow rate) was increased. The highest 
temperatures recorded were 488.1, 688.8 960.3 and 
1275 °C for gas pressures at 30, 60, 90 and 100% 
respectively. 
 
The flame temperatures increased gradually from the 
burner tip to a maximum at a distance of 20cm for 
both 30% and 60% gas pressures, 25cm and 10cm 
for 90 and 100% gas pressures respectively and then 
started falling again. The burner tip to the point of 
maximum temperature corresponded to the zone of 
intense heat and the flame was completely blue in 
this zone. It was observed that the yellow portion of 
the flame had become reduced and the flame 
became almost completely blue at 90% and 100% 
gas pressures. The temperatures attained by the 
burner shows that it can be used for high temperature 
Furnace applications such as non-ferrous metal 
melting, metal heat treatment and reheating etc. For 
an open flame test, there is a diluting effect on the 
temperature by the atmospheric air, it is therefore 
expected that higher temperatures can be obtained 
when firing is done in an enclosure.  
 

CONCLUSION: 
An industrial high velocity burner has been developed 
and tested. The test conducted shows that it can be 
employed for high temperature Furnace applications 
such as is found in metal processing industries. The 
test conducted was an open flame test. It is expected 
that higher temperatures can be obtained when the 
burner is fired in an enclosure.  
 
REFERENCES 
 
Baukal, C.E Jr (2004). Industrial Burner Handbook. Florida: 

CRC press, 790pp.  

Baukal, C.E. Jr.; Gershtein, V.Y. and Li, X. (2001). 
Computational Fluid Dynamics in Industrial 
Combustion. U.S.A.:CRC press, 630pp.  

Cherkassky, V.M. (1985). Pumps, Fans, Compressors. 
Moscow: Mir publishers. 388pp   

Gilchrist, J.D. (1977). Fuel, Furnaces and Refractories: 
Pergamon press, 380pp.  

Rajput, R.P. (1998). A Textbook of Fluid Mechanics. India: 
Chand & Company Ltd., 876pp.  

Trinks, W. and Mawhinney, M.H. (1967), Industrial 
furnaces, Vol. II, 4th ed. U.S.A: John Wiley and sons 
Inc. 356pp.

 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 2 (3): 396-399  (ISSN: 2141-7016)  

396 

 

 

Engineering Research for Sustainable Development in Africa 
 

O.A Ighodalo 

 

Mechanical Engineering Department 

Ambrose Alli University, Ekpoma-Nigeria 

___________________________________________________________________________ 
Abstract 
Engineering have contributed to the development of the modern world and can help in enhancing the 

sustainable development of the third world. The sustainable development needs of Africa have been enumerated 

and the role that African engineers can play in meeting these needs have been highlighted especially in applying 

appropriate technology to these developmental needs. The various African governments should give attention to 

engineering development by investing in basic infrastructures, developing enabling policies and fostering 

regional cooperation in Africa. A revision of higher education Engineering curricula to incorporate sustainable 

development and appropriate technology studies and funding of appropriate technology research are among the 

recommendations. 

__________________________________________________________________________________________ 
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I�TRODUCTIO� 

The technologically less advanced or developing 

nations of Africa, Asia and Latin America are 

referred to as the Third World ( Amadei, 2010).  

These nations are generally characterized by:- 

• Poverty 

• Their economy depend on export of primary 

products to the developed countries in return 

for finished products 

• A high rate of illiteracy 

• A high rate of disease 

• A high rate of population growth 

• Unstable government 

The efforts in the development of the Third World 

must therefore be tailored towards 

• Eradicating poverty 

• Provision of quality education 

• Reduction of sicknesses and diseases 

• Industrial development 

• Good governance which enhances stable 

government 

• Employment generation to solve the 

problem of unemployment due to high 

population and 

• Population control 

In recent times, there is encouragement to embrace 

development that has long term view in addressing 

above issues which is embedded in the concept of 

sustainable development. 

 

Sustainable Development 

The most universally quoted definition of sustainable 

development is that produced in 1987 by the World 

Commission on Environment and Development 

(WCED), otherwise known as the Brundtland 

Commission. It states that “sustainable development 

is economic and social development that meets the 

needs of the current generation without undermining 

the ability of the future generations to meet their own 

needs”. 

 

Dalal-Clayton and Bass ( 2000) provided an 

interpretation of the Brundtland definition as follows; 

A commitment to meet the needs of present and 

future generations has various implications. "Meeting 

the needs of the present" means satisfying: 

•  Economic needs – including access to assets 

providing an adequate livelihood or 

productive economic activity; also economic 

security when unemployed, ill, disabled or 

otherwise unable to secure a livelihood. 

• Social, cultural and health needs - including 

a shelter which is healthy, safe, affordable 

and  secure, within a neighbourhood with 

provision for piped water, drainage, 

transport, health care, education and child 

development, and protection from 

environmental hazards. 

• Political needs - including freedom to 

participate in national and local politics and 

in decisions regarding management and 

development of one's home and 

neighbourhood, within a broader framework 

which ensures respect for civil and political 

rights and the implementation of 

environmental legislation. 

Meeting such needs "without compromising the 

ability of future generations to meet their own needs" 

means: 

• Minimizing use or waste of non-renewable 

resources - including minimizing the 

consumption of fossil fuels and substituting 

with renewable sources where feasible. 

Also, minimizing the waste of scarce 
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mineral resources (reduce use, re-use, 

recycle, reclaim). 

• Sustainable use of renewable resources - 

including using freshwater, soils and forests 

in ways that ensure a natural rate of 

recharge. 

• Keeping within the absorptive capacity of 

local and global sinks for wastes – including 

the capacity of rivers to break down 

biodegradable wastes as well as the capacity 

of the global environmental systems, such 

as climate, to absorb greenhouse gases.  

 

 Although alternative definitions have come up, it is 

widely agreed that there are three pillars to 

sustainable development (Dalal-Clayton and Bass, 

2000). 

• Economy: The creation of wealth and 

livelihoods 

• Society: The elimination of poverty and 

improvement of quality of life  

• Environment: The enhancement of natural 

resources for future generations  

These dimensions must be handled simultaneously 

and therefore requires deep knowledge from different 

perspective such as from science, engineering, social 

science and humanities. Thus sustainable 

development involves complex problems which can 

be best addressed through interdisciplinary research. 

 

Interdisciplinary Research 

Interdisciplinary Research (IDR) is a mode of 

research by teams or individuals that integrates 

information, data, techniques, tools, perspective, 

concepts and/or theories from two or more disciplines 

or bodies of specialized knowledge to advance 

fundamental understanding or to solve problems 

whose solutions are beyond the scope of a single 

discipline or area of research practice (Beckman and 

Beckman, 2005) . 

Interdisciplinary research can lead to the following 

• new knowledge or discoveries and 

technologies 

• overcoming limitations associated with 

mono-disciplinarity 

• better understanding of real world problems 

and hence of sustainable development 

• Development of optimum or the best 

solution to many of real world problems. 

• Development of concrete measures for 

implementation of discovered solutions.  

 

Engineering and Sustainable Development 

Engineers are problem solvers who apply their 

knowledge and experience to building projects that 

meet human needs and to clean up environmental 

problems. They work on a wide range of issues and 

projects and as a result, how engineers work can have 

a significant impact on progress toward sustainable 

development, (The natural edge, 2003). 

The contribution of Engineers to the modern day 

society are well recognized, such as the technological 

developments that have enhanced 

• Industrial production 

• Agricultural development 

• Transportation and trade 

• Communication 

• Sanitation and health 

• Other basic infrastructure 

These developments are on the increase and have 

enhanced the quality of life by creating wealth and 

comfort but not with some attendant negative impact 

to the society. Such negative impacts include; 

• Environmental problems and climate change 

due to various gaseous emissions from 

industries and transportation system 

• Depletion of natural resources 

• Pollution of water system from industrial 

activities and so on 

Engineering solution must be provided to these 

problems through 

• Greater efficiency in production processes 

and transportation systems 

• New and sustainable energy sources 

• More efficient use of materials 

• The recovery of materials from waste or 

waste recycling 

In enhancing sustainable development, therefore, 

Engineers must consider and give more attention to 

the social and environmental impact of the profession 

and thus work in cooperation or interaction with 

society and other disciplines. 

 

Engineering Research for Sustainable 

Development of Africa 

African countries abound in rich human capital and 

natural resource capabilities to make science, 

Engineering technology and innovation work for the 

poor and enhance sustainable social and economic 

development, (The Royal Academy of Engineering, 

2006). There are many universities in Africa with 

Engineering colleges, which are involved with 

technical manpower training and engineering 

research. 

However, the following are some of the problems 

with engineering research in many African countries. 

• Weak linkage between application of 

science, engineering and technological 

innovations and operational policy 

framework within which to harness these 

potentials. 

• Numerous technologies developed remain 

on the shelves of universities and research 

institutions and have not been developed for 

commercialization purposes. 

• Investment in Engineering Research and 

development is still very low in many 

African countries. 
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• Weak linkage and collaboration among 

researchers in Africa and also between 

research institutions and industry 

• Some research not focused on 

developmental needs of Africa 

• Universities and Research institutions are 

inadequately funded coupled with outdated 

curricula. 

• Poor dissemination of research information 

• Poor and inadequate infrastructure. 

Engineers will still be called on to design and manage 

complex systems, or simple systems to meet complex 

sets of demands (The Royal Academy of 

Engineering, 2005), but attention must be given by 

African Engineers to the promotion of technologies 

that will address the socio-economic conditions 

prevailing in the developing countries, help bring 

about a reduction in unemployment and 

underemployment and also meet the basic needs of 

the under privileged population of these countries. 

Such technologies must also enhance their economic 

growth. The design and management of simple 

systems will be more appropriate to addressing the 

developmental needs of most African countries; this 

is the case for appropriate technology. 

Studies by the World Bank and the United Nations 

have shown, that appropriate technology is critical to 

bringing more than three billion people out of poverty 

(Amadei, 2010). 

 

Appropriate Technologies Specific to the 

Developing World 

An “appropriate technology” is usually characterized 

as 

• small scale 

• energy efficient 

• environmentally sound 

• labor-intensive 

• controlled by the local community 

It must be simple enough to be maintained by the 

people who use it. In short it must match the user and 

the need in complexity and scale and must be 

designed to foster self reliance, cooperation and 

responsibility (Hazeltine and Bull, 1999). 

Appropriate technology is often classified as low 

technology and is not usually addressed in 

engineering education or university research yet this 

is the level of technology that holds great promise for 

meeting some of the developmental needs of Africa.  

Engineering Research must be geared towards 

(Amadei, 2010) : 

(1) Innovation, development and testing of 

technologies that can be used to address 

         Water, Sanitation, Energy, Shelter and 

health issues.  

(2) Testing and improvement of existing 

technologies 

(3) Technology transfer (through modification 

and adaptation) 

(4) Database development and maintenance. 

Solar energy holds the greatest promise for meeting 

the energy needs of the African continent and various 

photovoltaic and solar thermal systems have 

developed in some of these universities and research 

institutes. These devices still need to be further 

enhanced and disseminated to the society. 

Various solar powered devices such as solar cookers, 

solar stills for water purification, solar water pumps 

have also been developed which still need to be 

further enhanced and disseminated for widespread 

use. 

Biomass briquettes, biogas and biodiesel production 

also hold good promise for sustainable energy 

generation and should be enhanced through research. 

Processing of agricultural produce and farm 

implements is another area for development research 

in engineering for machinery. The equipments so far 

developed must be further enhanced and 

disseminated for use. 

The African continent is greatly endowed with 

diverse raw materials so that local material research 

development must be pursued. 

While Engineers must tailor their research and 

development work towards solving the 

developmental needs of Africa, various African 

governments must invest in  

(1) Provision of basic infrastructures such as 

electricity supplies 

(2) Higher education and facilities 

(3) Information Communication Technology to 

enhance information exchange and 

dissemination 

(4) Getting engineers involved in policy 

formulation and implementation work that 

will integrate science, engineering and 

technology into the society. 

(5) Revision of higher education curricula to 

enhance sustainable developinment 

(6) Help in fostering regional cooperation for 

accelerated development 

 

CO�CLUSIO� A�D RECOMME�DATIO�S 

Engineering Research in collaboration with other 

disciplines when focused on the needs of Africa is 

capable of enhancing sustainable development. 

Appropriate technology applications must be pursued 

for realization of sustainable development and the 

various governments must invest in infrastructures 

and develop policies towards sustainable engineering 

and technology applications. It is recommended that 

higher education curricula in Engineering be revised 

to incorporate sustainable development and 

appropriate technology studies. It is also 

recommended that funding should be provided by 

African governments and other research funding 

bodies for appropriate technology research and 

development. Finally, Solar Energy applications, 

Raw materials and farm implement development, and 

processing of agricultural produce should be 

enhanced.   
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Abstract 
Towards the local production of furnaces which will make possible the processing of non-ferrous metals and 

thus stimulate industrial growth and also contribute to government’s present efforts at solid mineral resources 

development, an investment analysis for the establishment of a plant for manufacturing gas-fired furnaces for 

non-ferrous metals was carried out. The analysis was done for a manufacturing plant with an installed capacity 

of 120 units of the furnace per annum. The furnace capacity is 27.3kg/hr of aluminium and is suitable for small-

scale industrial production. As part of the methodology, a market analysis, the required equipment, materials, 

and the human resource requirements are presented. The financial aspect is also presented and the financial 

and breakeven analysis were carried out. The market analysis confirms a ready market for the product and the 

required total capital investment for the plant is approximately, ₦42.5 million )aira. The estimated annual 

profit is approximately ₦27.1 million. The financial analysis shows that the investment is a profitable venture 

with a good profitability ratio and rate of return. The payback period for the venture is less than 2 years.      

__________________________________________________________________________________________ 
Keywords: investment, profitability, furnace, plant, manufacturing, non-ferrous metals. 

__________________________________________________________________________________________ 

I�TRODUCTIO� 

The furnace is an important equipment in many 
metallurgical and non-metallurgical industries, where 
it is used for processing of materials. Presently most 
furnaces being used in this country are imported. The 
cost of importation is highly prohibitive so that the 
local manufacturers stand a better chance in the 

market which is considered large enough. The local 
production of furnaces will make possible the 
processing of ferrous and non-ferrous and other 
mineral resources to finished and useable products 

and thus stimulate industrial growth and also 
contribute to government’s present efforts at solid 
mineral resources development. A gas fired furnace 
for melting non-ferrous metals has previously been 
developed at the mechanical engineering department 
of Ambrose Alli University, Ekpoma-Nigeria. The 
commercialization of the developed furnace which is 
suitable for small scale industrial production is 

expected to enhance non-ferrous castings and metal 
recyling, promote the growth of foundry industries, 
and provide employment for both foundry operators 
and furnace manufacturers. The aim of this paper is 

to present an investment analysis for the 
establishment of a plant for manufacturing the 
developed furnace. Such an investment analysis will 
reveal the profitability of the venture and thus 

encourage potential investors. 

 

THE FUR�ACE A�D MARKET A�ALYSIS 

Description of the furnace 

The gas-fired melting furnace has been described by 
Ighodalo and Ajuwa (2010). The furnace has a 
capacity of 27.3kg/hr for aluminium and is suitable 
for small scale industrial production. The furnace 

walls are made from refractory castable material and 
are110mm thick. A 10mm thick Fibre-glass 
insulation was sandwiched between the outer face of 
the refractory walls and the encasing steel which is 
1.5mm thick. The whole frame work is a cubicle box, 
700 x 600 x 600mm with provisions for a burner 
hole, a chimney hole, a spout opening and charging 

door. The burner is fired with butane gas and is a 
high velocity burner with a heat release rate of 
160.3kW. It is 480mm in length and is connected 
with an air/fuel regulator. The furnace chamber is 

mounted on a tilting mechanism. The isometric view 
for the complete assembly of furnace components is 
as shown in figure 1. 

 
Figure 1: Isometric view of the Furnace                                      

Source: (Ighodalo, 2010) 
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MARKET A�ALYSIS         
The 1995 estimate of the demand for foundry 
products in Nigeria as reported by Foundry 
Association of Nigeria is about 822,000 tonnes per 

year. This is valued at about 1051.40 million. This 
must have improved three fold by now with a 
geometrical increase in price due to inflation and 
devaluation of Nigerian naira (Onyeji, 2008). Out of 

the estimated demand, Nigeria produced only 80,000 
tonnes annually through  the activities of about 60 
foundries in the country. This means that over 90% of 
the foundry product demand is imported (Onyeji, 

2008). Non-ferrous casting is about 16% of the world 
cast products with aluminium casting forming about 
80% of the world non-ferrous castings.  
 

A recent survey by NASENI shows that Nigeria has 
about 160 foundries of which only 60 are registered 
commercials. Comparatively a country like India has 
over 9000 registered commercial foundries scattered 

across the country. Thus more foundries can be set up 
in Nigeria. It has been postulated that Nigeria with 36 
states with well over 700 local government areas can 
have 500 support foundries with different capacities 

(Adeosun and Osoba 2008). It will not be out of place 
for Nigeria to aim toward at least 2000 foundries. 
More furnaces can be produced towards meeting 
these projections. In addition, furnaces can be 

produced for our tertiary institution to enhance 
foundry and entrepreneurial studies. NASENI 
recently started a program of local manufacture of 
Rotary furnaces for tertiary institutions in Nigeria 
(Adewoye, 2005).   
 
An Alliance with such agency as the small and 
medium enterprises development agency    

(SMEDAN) will be considered to make furnace 
available for the small and medium enterprises 
promotion and thus expand the market. 

 

Project output 

For this proposal, it is assumed that the installed 
capacity for an average Furnace manufacturing plant 
should be120 units per annum.  It is assumed that 

entry scale is 60% and full capacity will be reached in 
3 years.  

 

Production level 

Year 2010 2011 2012 2013 2014 
Percentage 60% 80% 100% 100% 100% 
Quantity      72  96  120 120 120 

 

REQUIRED EQUIPME�T A�D MATERIALS 

 Fabrication and Machine Shop 

Fabrication and Machine Shop will be engaged with 
production of welded plates, tanks, frames and bed 

for equipment and machining of various components. 
Equipment required are metals shearing and gas 
cutting equipment, bending machines, electric arc 

machine, lathe, milling, drilling shaping machines 
and measuring instruments. 

 

Wood Shop 

Equipment for wood working is needed to provide 
pattern for casting of furnace structure.        

 

Raw Materials 

The raw materials needed are the refractory cast-able 
for casting furnace walls, sheet metal, iron rods and 
angle bars. 

 

ESTIMATIO�S 

The human resource requirement is as shown in 
Table 1. This shows number of both skilled and 
unskilled personnel that will be required and their 

remuneration. The financial aspect is given in Table 
2. This gives a breakdown of the estimates for the 
fixed capital, machinery and equipment, raw 
materials, utilities and contingencies, working capital 

and hence the total capital investment.   
The financial analysis is given in Table 3. This gives 
the estimates for the cost of production, total sales 
and hence the profitability. The fixed and variable 

cost items are also reflected. These items are 
important for the profitability and breakeven analysis. 
Personnel            No.    monthly                Annual   

Salary(₦)                Salary (₦) 

___________________________________________  
Plant Manager 1         40,000             480,000 
Production Engr.  1         30,000             360,000 
Maintenance Engr 1        30,000             360,000 
Foreman   1         18,000             216,000 
Technician            2         30,000                  360,000 
Machinist 1          15,000             180,000 
Welder  2          30,000             360,000 

Pattern/ 
Cast Maker 1          18,000              216,000 
Accountant 1          18,000              216,000 
Marketing Off.     1         18,000              216,000 

Secretary/ 
Computer Ope.    1          10,000              120,000 
Driver  1          10,000              120,000 
Security Man 1          20,000              240,000 

Cleaner  1          10,000              120,000 
                            17            3,564,000 
 
Perquisites at 15% (Sal per annum)              534,600 

  Total                         4,098,600 
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Table 2: Financial Aspect 
 
(I)      Fixed Capital       Square     Cost/Square 
                       Meter       Meter             Cost(₦,000) 
______________________________________________________ 
Land and Building 
(a) Land                         1.5   1,000,000               1,500 
(b) Building     
                                                   5,200 
                                                                  Total       6,700 
______________________________________________________ 
(II) Machinery and Equipment                                  (₦,000) 
______________________________________________________ 
(a) Generator  60 KVA      1,500 
(b) Lathe       1,200 
(c) Drilling machine           50 
(d) Circular Saw         200 
(e) Welding Machine         500 
(f) Motor Vehicle      2,500 
(g) Furniture and Fittings         200 
(h) Others       3,000 
                                                         Total      =   6,650 
  ______________________________________________ 
 (III) Raw Materials                                            (₦,000) 

         N205,600 per unit x 120units                      24,672 
 
 (IV) Utilities and Contingencies          200 
______________________________________________________ 
  (V) Total Working Capital                                         (₦,000) 
______________________________________________________ 
 (a) Salaries and wages     4,098.6 
 (b) Raw materials       24,672 
 (c) Utilities and Contingencies           200 
                                       Total =                28,970.6 
______________________________________________________ 
(VI) Total Capital Investment                       (₦,000) 
______________________________________________________ 
(a) Land and building          6,700 
(b) Machinery and Equipment         6,650 
(c) Total working capital (P.A)    28,970.6 
                                                              Total =                   42,320.6 

 

Table 3: Financial Analysis   
 
(I) Cost of Production (P.A)                     %             (₦,000) 
(a) Total working capital                 42,320.6 
(b) Depreciation on building 5%       260 
(c) Depr. on machinery Eqpt. 10%       665 
(d) Interest on total investment      18% 7,617.71 
                                                          Total =         50,863.31 
___________________________________________ 
II) Total Sales (per Annum) 
   Item         Qty Unit price  (₦,000)    Total  (₦,000)          

Furnace   120                       650    78,000 
___________________________________________ 
(III) Profitability (Per Annum) (₦,000)        
Total Sales   Cost of Prod.   Net Profit = Total Sales – Cost of 

production 
     ₦ 78,000      ₦ 50,863.31        ₦  27,136.69 
___________________________________________ 
(IV) Fixed Cost (P.A)                                               (₦,000) 
(a) Total depreciation                                      925 
(a) Interest on total Investment                    7,617.71 
(b) Salary and wages                 4,098.6 
(c) Utilities and contingencies (40%)                     80 
(d) Miscellaneous       100 
            Total =            12,821.31 
 
(V) Variable Cost (P.A)                 (₦,000) 
(a)  Raw materials     24,672 
(b) Utilities and contingencies (x 60%)       120 
(c) Miscellaneous         100 
    Total  =      24,892 

*N150= $1 

Profitability Ratios and Break Even Analysis 

Profitability ratios are designed to reflect the 
profitability of the enterprise; those considered are 
profit ratio and rate of return. The breakeven analysis 

reflects the level at which the enterprise begins to 
make some profit or loss while the payback period is 
the estimated time for the revenues to recover the 
initial investment, a 2-year period of moratorium is 

assumed for this study. The profit ratio, rate of return 
and break-even-point expressions used are as given 
by Khana (2006).  
 

                          Net profit 
  Profit Ratio = ----------------     x   100                  (1) 
                          Total Sales 

 =      34.8%  

 
                                  Net Profit 
  Rate of Return   =   ---------------    x   100            (2)         
                             Total Investment  

                                =      64.1%                                
                                                
                                           Fixed Cost 
    Break-even-point  =    --------------------              (3)        

                                            Variable cost 
                               1   -  ----------------------- 
                                             Total   sales  

  =    ₦ 18, 830.7 x 1000 (₦ 18.8m)                                             

 
                                             Break even point                                             
          Number of Units   =     -------------------        (4) 
                                                    Cost per unit 
           =       31.4 units  
 
Approximately 32 units of the furnace will be 
produced and sold before the enterprise begins to 

make profit.                                 
                                     Total investment 
Payback period     =     -----------------------              (5)   
                                 Net income – depreciation 

=       1.6 years  
 

CO�CLUSIO� 
A total capital investment of approximately ₦ 42.5 

million Naira, will be required for setting up this 
furnace manufacturing plant and a total number of 17 
skilled and unskilled personnel will be required to run 
the establishment. At a proposed selling price of 

₦650,000 per unit, annual estimated profit is 
approximately ₦27.1 million. The profit ratio of 
34.8%, rate of return of 64.1% and break-even point 
of 32 units of the furnace with a payback period of 

less than 2 years has shown that the investment is a 
profitable venture. This investment will not only 
generate income for local investors but will also 
create employment for different categories of 

professionals. 
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___________________________________________________________________________ 
Abstract 

The need to provide clean drinking water for the riverine areas of �igeria where the water is usually salty is the 

motivation for this work. A Solar still is a simple solar device used for converting salt /brackish water into 

potable water and the developing countries can employ this technology for provision of clean drinking water 

especially in areas where this is in short supply. A performance evaluation was carried out on a double sloped 

basin type still that was fabricated. The main parts of the still are, the basin, frame, glass cover and support 

structure. The still was tested using two different materials, aluminum painted black and black leather as the 

absorber. The Solar Still was tested by feeding it with 40 litres of salt water and the daily temperatures and 

distillated yield were recorded. It was observed that the yield obtained depended on the daily temperatures 

attained and the black painted aluminum absorber material produced higher yield compared with the leather 

material. The salinity test conducted on the distillate shows a value which makes it fit for drinking purposes and 

thus established the effectiveness of the Solar Still.. 

________________________________________________________________________________________ 

Keywords: solar still, distillate, solar energy, purification, desalination 

________________________________________________________________________________________ 

I�TRODUCTIO� 

Clean drinking water is a basic human need. Many 

people, especially in developing countries, do not have 

access to clean drinking water. Water that is dirty or 

salty is undrinkable, and untreated water that looks 

clean is likely to have bacteria and organisms that cause 

sickness and disease. A solar still is a device that 

produces clean, drinkable water from dirty water using 

the energy from the sun (Appropedia, 2010). It usually 

consists of a shallow, water tight box with a clear glass 

or plastic top. The bottom of the box is usually painted 

black to absorb the sun’s heat. The Solar Still is filled 

with non-potable water, for example, brackish water.  

 

The sun’s heat evaporates the water and the vapor 

condenses on the inner surface of the cover. The 

condensate runs into troughs from which it can be 

collected in storage containers. The Still cover is tilted 

to collect the greatest amount of solar energy. Glass-

covered Solar Stills are much more rugged and trouble 

free and are able to withstand climatic and 

environmental conditions much better than plastic. 

There are several different types of solar stills 

(appropedia, 2010). The most basic is the “pit” type, 

which is most appropriate for emergency survival 

situations because it has a very low productivity. The 

“cone” type still looks like an inverted pit-type still. The 

basin, or box still is the most complex type. There are 

many different variations, but the two main categories 

of basin stills are single and double sloped. The basin, 

or box still is the most complex type. There are many 

different variations, but the two main categories of 

basin stills are single and double sloped. The double 

sloped basin still has two sloped pieces of glass rather 

than one.  

 

The process of removing salt, other minerals or 

chemical compounds from impure water is called 

desalination. It has provided a source of portable water 

for some communities: (Horace, 1995). Since the water 

is pure and free of harmful bacteria, there is no fear of 

water-borne diseases commonly associated with water 

supplies in many developing countries. In some parts of 

the world where the major supply of water is the sea or 

ocean, solar distillation of salt water has proved to be 

economically feasible when compared to mechanical 

conversion of water: (Breslin, 2008). The present work 

presents the performance evaluation carried out on a 

fabricated solar still for salty water deslination in Warri-

Nigeria. Warri town is on latitude 5o 30N and longitude 

5
o 
41

’
E.  The solar still is the double sloped basin type.  

 

MATERIALS A�D METHODS 

 Description of the solar still: 
The Solar Still is a double sloped basin type still. The 

components are, the basin, frame, glass and the stand. It 

has an effective basin area of 95cm by 77cm and is 

made of wood. A glass cover with an inclination of 8.5
o
 

to the horizontal is fixed to the top of the vertical walls 

of the Still with nails. It permits the passage of solar 

energy into the Still which heats up the water in the 

basin. The inclination of the glass cover is selected so as 

to let the water droplets slide down on the inner surface 

of the glass to the drainage channel made of plastic. Rtv 

silicon is used to seal any space between the glass and 
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wood to ensure that vapors are not lost to the 

atmosphere. 

 

One of the end sections consist of a window where 

brackish water is fed into the Still. A thermometer is 

inserted through the window to determine the inner-

glass and water temperatures respectively. On the two 

sides of the section, there is a hole which 

accommodates the channel for the collection of the 

distillate. The base of the basin is covered with black 

leather or aluminum painted black. This serves the 

purpose of absorbing solar energy and also to prevent 

leakage which may occur due to expansion. The stand 

which is attached to the base has cross limbs held 

firmly together with bolt and nut. Figure 1 shows the 

prototype of the solar still. 

 

(1)

(4)

(3)

2

5

No

1

2

3

4

5

Item

glass 

window

stand 

basin

channel   Figure 1: Prototype of a solar still 
 

Mode of operation and test procedure 

Brackish water is fed into the Still through the top 

window on the side of the Still. The water occupies a 

portion of the basin. The Still is exposed to solar energy 

from (900 - 1700) hours and as the water is heated by 

the sun’s heat, evaporation takes place. The vapour 

rises and condenses on the underside of the glass cover 

and the condensed water runs down into the u-shaped 

channel which is collected in the distillate trough. 

 

Two different materials were used as an absorber. The 

first material, black leather, was used as test I. The 

second material is Aluminum which was painted black 

and was used for test II. A measuring cylinder 

(graduated) was used to measure the daily collection 

(distillate). A thermometer (10
o
 – 600

o
C) was used at 

every hour to measure the outer and inner glass surface 

and water temperatures respectively. Some quantity of 

brackish water was collected and the salinity 

determined. After the  distillation process, salinity of 

the distillate was determined. The titrimetric method 

was used. The procedure for this method is as follows: 

 

(i) 10ml of the distilled water was taken and 

(ii) 3 drops of potassium chromate as indicator was 

added. 

(iii) It was titrated with silver nitrate and 

(iv) the titer value was calculated after a color change 

was attained. 

 

Experiments were performed on the Solar Stills during 

the months of March 2009 and April 2010, for seven 

days.  

 

RESULTS A�D DISCUSSIO� 

By following the above test procedures using absorber 

– black leather and aluminum painted black, daily 

readings of 3
rd
 – 9

th
 March, 2009 and 12

th
 – 19

th
 April, 

2010 were taken and recorded as shown in Tables 1 to 7 

and 8 to 14. The results obtained from salinity test are 

shown in Table 15. A comparison of the distillate yield 

for the different materials used, are shown in Table 16. 

 

Table 1: Readings of 3rd March, 2009 
S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1  900 33.0 38.0 32.0  

2 1000 37.0 39.0 35.0 

3 1100 48.0 51.0 40.0 

4 1200 51.0 52.0 39.0 

5 1300 54.0 53.0 41.0 

6 1400 56.0 52.0 41.0 

7 1500 55.0 52.5 40.0 

8 1600 51.0 48.0 37.5 

9 1700 49.0 46.0 36.5 565 

 

Table 2: Readings of 4
th
 March, 2009 

S/No Time Water Inner glass Outer glass Distillate 

Hr Temp oC Temp oC Temp oC Output (ml) 

1   900  30 32.5 32.0  

2 1000 30.0 32.5 32.0 

3 1100 35.0 34.0 33.0 

4 1200 42.0 41.0 37.0 

5 1300 49.0 48.0 44.0 

6 1400 54.0 52.0 41.0 

7 1500 56.0 53.0 41.0 

8 1600 49.0 45.0 33.0 

9 1700 47.0 43.0 31.0 448 

 

Table 3: Readings of 5
th
 March, 2009 

 S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1  900 30 29.5 28.0  

2 1000 35.0 36.0 35.0 

3 1100 44.0 43.0 37.0 

4 1200 52.0 51.0 38.0 

5 1300 56.0 54.5 42.0 

6 1400 56.0 55.0 41.0 

7 1500 58.0 54.0 40.0 

8 1600 55.0 52.0 37.0 

9 1700 48.0 46.0 35.0 610 
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Table 4: Readings of 6
th
 March, 2009 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1   900 31.0 34 34.0  

2 1000 38.0 38 36.0 

3 1100 44.0 43 37.0 

4 1200 46.5 45 38.0 

5 1300 45.0 43 34.5 

6 1400 50.0 49 39.0 

7 1500 55.0 52 37.0 

8 1600 55.0 51 37.0 

9 1700 51.0 47 33.0 490 

 

Table 5: Readings of 7th March, 2009 
S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output(ml) 

1    900 29.0 33.5 34.0  

2 1000 36.0 37.0 38.0 

3 1100 42.0 44.0 43.0 

4 1200 49.0 50.0 40.5 

5 1300 52.0 50.0 38.0 

6 1400 58.0 54.0 46.0 

7 1500 58.0 56.0 41.0 

8 1600 57.0 54.0 39.0 

9 1700 55.0 52.0 36.0 590 

 

Table 6: Readings of 8
th
 March, 2009 

S/No Time Water Inner glass Outer glass Distillate 

Hr Temp oC Temp oC Temp oC Output (ml) 

1 900 30.5 32.0 32.0  

2 1000 36.0 37.0 38.0 

3 1100 40.0 40.0 47.0 

4 1200 44.0 42.5 38.0 

5 1300 51.0 50.5 48.0 

6 1400 57.0 53.0 44.0 

7 1500 58.0 53.0 42.5 

8 1600 57.0 50.0 39.0 

9 1700 53.0 49.0 34.0 560 

 

Table 7: Readings of 9
th
 March, 2009 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1   900 31.0 37.0 39.5  

2 1000 37.0 41.0 41.0 

3 1100 42.0 41.5 38.0 

4 1200 47.5 45.0 41.5 

5 1300 50.0 48.5 42.0 

6 1400 52.0 49.0 38.0 

7 1500 53.0 49.0 40.0 

8 1600 50.0 45.0 35.0 

9 1700 48.0 46.5 35.5 500 

 

TEST II 

 
Table 8: Readings of 12th April, 2010. 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1   900 32 34 34  

2 1000 42 34 34 

3 1100 42 39 39 

4 1200 44 41 40 

5 1300 50 44 41 

6 1400 51 46 41 

7 1500 52 48 41 

8 1600 43 40 33 

9 1700 43 40 32 559 

 

 

 
 

Table 9: Readings of 13
th
 April, 2010 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1   900 32 34 34  

2 1000 40 35 34 

3 1100 43 41 39 

4 1200 52 50 43 

5 1300 56 52 46 

6 1400 58 54 42 

7 1500 58 55 42 

8 1600 50 44 38 

9 1700 48 40 36 458 

 

Table 10: Readings of 14th April, 2010 
S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1 900 32 34 34  

2 1000 40 38 36 

3 1100 50 46 44 

4 1200 56 50 48 

5 1300 60 56 52 

6 1400 60 56 50 

7 1500 56 50 48 

8 1600 52 46 44 

9 1700 46 40 38 615 

 

Table 11: Readings of 15
th
 April, 2010 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1   900 32 34 34  

2 1000 38 36 35 

3 1100 50 46 44 

4 1200 58 52 48 

5 1300 60 56 50 

6 1400 60 56 50 

7 1500 62 58.5 54 

8 1600 54 50 38 

9 1700 46 40 36 619 

 

Table 12: Readings of 16
th
 April, 2010 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1 900 30 32 32  

2 1000 40 38 34 

3 1100 42 38 34 

4 1200 50 46 40 

5 1300 54 48 44 

6 1400 54 48 43 

7 1500 56 52 40 

8 1600 57 54 44 

9 1700 52 48 42 585 

 

Table 13: Readings of 17
th
 April, 2010 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1 900 36 37.5 34  

2 1000 44 38.5 36 

3 1100 46 40 38 

4 1200 54 50 42 

5 1300 58 54 46 

6 1400 56 48 44 

7 1500 54 48 42 

8 1600 52 46 38 

9 1700 46 38 34 564 
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Table 14: Readings of 19
th
 April, 2010 

S/No Time Water Inner glass Outer glass Distillate 

 Hr Temp oC Temp oC Temp oC Output (ml) 

1   900 36.5 34.5 34  

2 1000 44 40 38 

3 1100 50 48 44 

4 1200 60 54 50 

5 1300 62 58 52 

6 1400 60 56 50 

7 1500 60 56 54 

8 1600 54 50 44 

9 1700 50 44 42 622 

 

Table 15: Result of salinity test 
Parameters Who’s Max Who’s Max Results 

 Accept Limit Allowable Limit After  
Dist. 

   Before 
   Dist. 

Salinity  

Mg /L 

200 600 3.33 626.66 

 

Table 16:  A comparison of distillate yield for the two 

materials 
Day Yield (ml) 

 Black leather Aluminum painted black 

1 565 559 

2 448 458 

3 610 615 

4 490 619 

5 590 580 

6 560 564 

7 500 622 

 

It is observed generally from the table of values that the 

peak temperatures is usually between the hours of (1300 

– 1600). The water gained enough heat energy and the 

water temperature rises above the inner and outer glass 

temperatures. The tables of values show that the 

distillate yield was higher for those days having higher 

temperature. The distillate yield ranges from 400 to 622 

mililitres (ml) over the 8-hour period. According to 

Murugavel et al (2008), production capacity for simple 

type still are usually low, a number of methods such as 

the use of additional condensers or use of some 

materials along with the saline water are however 

available for improving the effectiveness of stills. 

 

The Still operation with painted aluminum absorber 

shows a better performance due to its higher water and 

inner glass temperatures which resulted in higher 

distillate yield compared to still operation with black 

leather absorber material. Thus the type of absorber 

material employed has an effect on the solar still 

performance, this is also confirmed by the work of 

Murugavel et.al. (2008). 

 

Table 15, shows the salinity test result. The salinity of 

the water was reduced from 626.33 to 3.33 mg/l. The 

salinity has been brought within the maximum 

acceptable limit of World Health Organisation (WHO) 

standard of 200mg/l. This means the water is fit for 

drinking purpose. 

 

 

 

CO�CLUSIO� 

The performance evaluation carried out on the 

fabricated Solar Still has shown that it can be used for 

the desalinization of salty water. The results have 

shown that a high enough temperature was attained 

which produced evaporation and the distillate produced 

was confirmed fit for drinking by the salinity test 

conducted. The Still has a capacity of 80465cm
3
 and 

produces an average yield of 0.51 litre per day. The 

daily temperature and type of absorber materials are 

factors that can influence the distillate yield. The cost of 

production for the still is thirty-three thousand, two 

hundred and fifty naira. The low cost of production is as 

a result of the materials employed in the fabrication.                                                        
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Abstract 

The charcoal fired furnace is usually used for Aluminium recycling towards production of cooking utensils in 

local small scale Aluminium casting foundries. A performance evaluation of such a furnace was carried out in 

order to determine the efficiency. Towards this objective, measurements were taken of the quantity of charcoal 

used for different melts and their corresponding melting times and temperatures. The energy used was 

determined and the efficiency calculated. The efficiency obtained for the furnace was 11.5%. The low value 

obtained is as a result of large energy wastage due to the open nature of the furnace. 

__________________________________________________________________________________________ 

Keywords: aluminium recycling, efficiency, charcoal fired, furnace, foundry 

__________________________________________________________________________________________ 

I"TRODUCTIO" 

The Aluminium industry is made up of three basic 

categories of production, which are Primary, 

Secondary and Tertiary production of aluminium.  

The primary production of Aluminium involves the 

preparation of high purity alumina from Bauxite by 

the Bayer process ( Faith, 1973). Aluminium ingots 

are currently being obtained from importation since 

ALSCON Nigeria’s primary producer is presently not 

functioning.  

 

The ingots produced from the primary producers are 

used by the secondary producers in the rolling mills 

to produce plates and sheets, corrugated sheets, 

circles, container sheets, foils, rods and wires, 

seamless tubes, etc. The secondary producers in 

Nigeria are the aluminum rolling mills such as in 

Sango-Ota and first Aluminium in Port-Harcourt. 

 

The tertiary producers purchase Aluminium products 

from the secondary producers for various applications 

such as building, machine and automobile 

components, cooking and packaging wares etc 

(Ajuwa, 1998). Examples of such tertiary producers 

in Nigeria, are Agen Aluminium (Benin city), Asaba 

Aluminium (Benin City), Aluminium Extrusion 

company Ltd (Lagos), Maths Aluminium Company 

(Benin city), etc.  

 

Within this tertiary group is a subset that is primarily 

involved with the recycling of Aluminium scraps for 

the production of local cooking pots (popularly called 

egele), frying pans and spoons of various sizes in 

small scale Aluminium casting foundries. Such large 

sized cooking pots are used for cooking during 

special occasions such as marriages, burials and other 

ceremonies and for local restaurants. Such enterprises 

may be run by a family unit employing four to six 

persons in casting the various cooking utensils and 

can thus be categorized as small scale enterprises. 

The furnaces used in such small scale enterprises are 

usually solid fuel (charcoal) fired and are locally 

fabricated. They employ sand casting which is 

considered as one of the most versatile methods for 

producing small quantities of castings (Overview, 

2008). An example of such enterprise is Omondiale 

and Sons Company located in Uromi town, Edo state, 

Nigeria. The aim of this paper is to carry out a 

performance evaluation of the furnace employed in 

their operations so as to determine the efficiency.  

 

MATERIALS A"D METHODS 

Local Production of Aluminum Pots from 

Aluminum Scrap 

A. Omondiale and Sons Company Uromi, Edo State, 

is involved in the production of local cooking pots, 

frying pans and spoons of various sizes using 

Aluminium scraps. The Aluminum scraps are 

obtained from suppliers at a rate of N120 per 

kilogram of Aluminum scrap. This scrap is not 

pretreated or cut to specific sizes. About 45kg of 

Aluminum scrap is required to produce a local 

cooking pot of 34 gallons, and 25 kg in weight, the 

difference accounting for dirt and impurities in the 

scrap. Melting of the Aluminum scrap is carried out 

in a local melting furnace. A schematic set up of the 

local furnace for melting Aluminium is shown in 

Figure 1. 
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Figure 1: Setup of the local charcoal-fired Furnace 

for Melting Aluminum 

 

The local furnace consists of a cast iron crucible 

which is heated by charcoal (source of fuel) placed in 

the combustion chamber. The combustion chamber is 

lined with red clay which serves as the refractory 

material and is in abundant supply in this area. Strong 

effective heating is obtained by bottom blowing of 

the furnace. This is achieved by a combination of an 

electric motor, a fan and a duct system which directs 

the air to the combustion chamber. Bottom blowing 

of air aids the combustion of the charcoal. The 

electric motor which rotates the fan through a belt 

drive can be operated by electricity, a generator or a 

manual system.  

 

Process Technology 

The first step in the production of molten Aluminium 

from scraps is by charging of the furnace (open top) 

crucible. The charcoal is ignited and strong heating 

achieved by bottom blowing of air which commences 

melting of the Aluminum scraps. During melting of 

the scraps, impurities float on top of the molten 

Aluminum which are skimmed off at different time 

intervals. After each skimming, additional 

Aluminium scraps are charged into the furnace 

crucible, skimming is stopped when the maximum 

amount of pure molten aluminum remains in the 

crucible. The crucible of molten Aluminium is moved 

manually with metal tongs to be poured into moulds 

for casting into pots and their covers. There is always 

an excess of molten Aluminum in the crucible to 

which is added the next batch of Aluminum scraps to 

be melted. 

 

Performance evaluation for the local charcoal-

fired Furnace 

Measurements were taken at Omondiale’s company 

while the analysis was done at Ambrose Alli 

University, Ekpoma. The test procedure is as follows; 

2.5kg of charcoal was measured with a weighing 

scale and was loaded into the furnace chamber. The 

cast iron crucible was placed on top of the furnace 

which served as the crucible and 2.5kg of Aluminium 

scraps was measured into the crucible. 

The charcoal was ignited with kerosene and matches 

to start of the fire. The electric blower was then 

switched on from an electric source and the air from 

the electric blower kept the coal burning. The 

quantity of coal used, time of melting and the 

temperature of melting were recorded. A k-type 

thermocouple connected to a temperature readout 

with a temperature range of 0 to 1400ºC was used for 

temperature measurement and time of melting was 

taken using a stopwatch.  

The same procedure was carried out for 5kg, 7.5kg, 

10kg, 12.5kg and 15kg of  Aluminium  scraps 

respectively and the quantity of coal used, time of 

melting and the temperature of melting were also 

recorded in each case.  

 

RESULTS A"D DISCUSSIO" 

The results obtained are as shown in Table 1. 

 

Table 1: Result of Aluminium Melting using Local 

charcoal-fired Furnace 

Mass of 

Aluminiu

m (kg) 

Mass 

of 

charco

al (kg) 

Time 

(mins

) 

Temperatu

re (0C) 

Cost of 

charco

al (N) 

2.5 2.3 15 660 284.0 

5.0 2.5 20 662 308.7 

7.5 2.7 24 669 333.4 

10.0 3.0 27 681 370.5 

12.5 3.0 30 693 370.5 

15.0 3.0 32 698 407.5 

 

It can be observed from Table 2 that as the weight of 

aluminium melted increases the time and temperature 

of melting also increases so also is the cost of coal 

and therefore energy used.  17kg of coal cost N2100 

(as at the time of the experiment). 

 

Evaluation of the Energy Spent on Melting 

Aluminium with the Charcoal-Fired Furnace 

The higher heating value for redwood charcoal for 

the temperature range 733 to 1214 K  = 30.5 MJ/kg ( 

USDA, 1974). 

Energy = Calorific value x weight of charcoal used 

From the above energy expression, Table 2 is 

obtained for energy spent. 

  

Table 2: Energy for melting aluminium with local 

charcoal fired furnace 
Mass of 
Aluminium 

(kg) 

Mass of 
charcoal 

(kg) 

Time 
(mins) 

Temperature 
(0C) 

Energy 
(MJ) 

2.5 2.3 15 660 70.2 

5.0 2.5 20 662 76.3 

7.5 2.7 24 669 82.4 

10.0 3.0 27 681 91.5 

12.5 3.0 30 693 91.5 

15.0 3.3 32 698 100.7 
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Using the values in Table 2, 

 Average energy =   MJ                                           

 Average weight of Aluminium =  kg                        

 Average energy used per kg of Aluminium = 

 MJ/kg         

The theoretical amount of energy required to melt 

one tonne of Aluminium and raise its temperature to 

730 ºC is approximately 1120 MJ (Ramsell, 1998), 

therefore energy required to melt 1 kg of Aluminium 

is, 

                Energy required =   MJ/kg                     

                Efficiency of the furnace = 

                                                                     

                       =  

This efficiency value is lower when compared with 

gas fired crucible furnaces which are also used for 

smaller melts and have efficiency as low as 12% 

(METALS Advisor, 2008). Typical gas fired 

Reverberatory Furnaces have melting efficiences in 

the range 25 to 28% (CCMA and Technikon, 2001; 

BEE, 2005). 

 

CO"CLUSIO" 

An Energy efficiency of 11.5 % was  obtained for the 

local charcoal fired furnace used for Aluminium 

recycling. This Efficiency is low and is due to the 

fact that the furnace is an open type furnace and a lot 

of energy is wasted. The melting temperature was 

attained in a short  time producing quick melting this 

is due to direct contact of the coal embers with the 

crucible and also due to the low quantities melted. 

The furnace efficiency can be improved through 

modification of the furnace by adopting a closed 

arrangement.   
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Abstract 

The processing of agricultural wastes into biomass is a strategy towards the development of alternative energy 

sources. Water hyacinth is an aquatic plant which could be used as an alternative energy source to wood.  

This paper presents the processing of water hyacinth into biomass briquettes for cooking purposes. The water 

hyacinth which was harvested, dried and ground into powder was mixed with starch binder before being 

compressed into briquettes in a manually operated briquetting machine. The briquettes produced were sun-

dried and comparative cooking tests were carried out by burning the briquette in a mold while cooking some 

food items. Some quantity of Water was boiled and, Indomie, Rice and Yam were cooked. Comparisons of the 

cooking time obtained were made with the time obtained when the same quantities of foods were cooked on a 

conventional kerosene stove. Results obtained shows that water hyacinth can be processed into briquettes and 

used for cooking purposes. 

__________________________________________________________________________________________ 

Keywords: Water hyacinth, Biomass, Briquettes, Cooking test 
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I"TRODUCTIO" 

The decreasing availability of fuel wood, coupled 

with ever rising prices of kerosene and cooking gas in 

Nigeria, has necessitated a consideration of 

alternative sources of energy for domestic and cottage 

level industrial use in the country. Energy from 

biomass is one such alternative. Biomass is the 

energy source derived from organic matter such as 

plant materials, wood from the forest, agricultural 

process, industrial and human or animal waste 

(David, 1978). Biomass is a renewable energy source 

and can be processed into a convenient solid form 

using briquetting technology. One of the plants that 

could be used for solid fuel biomass is water 

hyacinth. Water hyacinth (eichhornia crassipes) is an 

aquatic plant which has a high proliferation rate and 

floats freely on the surface of fresh water or can be 

anchored in mud. It grows in mats up to 2 meters 

thick which can reduce light and oxygen, change 

water chemistry, affect flora and fauna and cause 

significant increase in water loss due to evapo-

transpiration. It also causes practical problems for 

marine transportation, fishing, hydro power and 

irrigation schemes. It is now considered a serious 

threat to biodiversity (Oso, 1988). 

 

In Nigeria the plant has since invaded  most of the 

creeks and  inlets, blocking waterways, causing 

problems in water transportation, fishing and other 

commercial activities whose survival depend upon 

water. The plant is also a breeding ground for many 

insects and mollusks which are vectors of diseases 

like bilharzias, river blindness and malaria (Philip, 

1981). Efforts are underway all over Africa to remove 

water hyacinth from waterways by hand, machine, 

using chemical and biological control (PACE, 2011). 

Various uses are also been developed for the plant 

such as for making bio-fertilizer, furniture, sewage 

and biological waste-water treatment, and biogas 

production (Rademaker, 2006). Other uses include, 

feed for livestock, substrate for mushrooms and as 

vegetable for humans (Ambali, 2000). To further 

extend its usefulness as a renewable source of energy, 

the plant can be processed into biomass briquettes for 

heating purposes.  

 

This paper therefore presents a study on processing 

water hyacinth into biomass briquettes for cooking 

purpose. 

 

MATERIALS A"D METHODS 

Briquetting Machine 

Briquettes have developed over time with two 

distinct types, those with holes through the centre and 

those, which are solid-formed using different 

techniques (Copperwiki, 2010). A solid briquette is 

manufactured using a piston press which simply 

sandwiches layers of sawdust together, and those 

with a hole are produced using screw press. The hole 

is simply a byproduct of the screw thread passing 

through the center however; it also increases the 

surface area of the log and aids efficient combustion. 

The main components of the briquetting machine 

used consists of , the mold, a base plate, hollow pipe, 

the screw press and the supporting frame. The 
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machine specifications are  shown in Table 1 and the 

isometric view of the machine assembly is shown in  

Figure 1.  

 

Figure 1: The isometric view of the machine 

assembly is shown in  Figure 1.  

 
 

Table 1: Specification of the briquetting machine. 

Description  Dimension (mm)  

Cylindrical Mould Φ 230 

Mould height    250 

Mould thickness    20 

Bolts M 22 x 20 

Hollow pipe Φ 50 

Screw    350 

Handle    250 

Base plate    30 x 30 

Supporting frames    500 

Screw press (Outer) Φ 175 

Screw press (inner) Φ  60 

   

PRODUCTIO" OF THE BRIQUETTES 

The water hyacinth was harvested and sun dried. The 

dried plant was then ground into powder. A binder 

was prepared from cassava starch solution and mixed 

with the water-hyacinth powder. The biomass 

material was loaded into the cylindrical mould and 

the screw press inserted into the mould. The threaded 

screw was passed through the horizontal bar to 

compress the screw press which in turn compresses 

the water-hyacinth powder inside the mould. After 

being compressed to an appropriate depth or 

thickness, the briquette was removed and sun dried. 

The dwell time (i.e. duration of load application) was 

5 minutes and production is one per press. 

 

Comparative Cooking Test 

In order to evaluate the water hyacinth biomass for 

cooking purposes, 2 litres of water was boiled while 

some food items such as rice, indomie noodles and 

yam were cooked by burning the biomass in the 

cylindrical mold. The cylindrical mold serves as the 

cooker when it is detached from the briquetting 

assembly and the biomass is burnt within the mold. 

The weights of the cooked food items are 0.4kg of 

rice, 120g of indomie noodles and 2kg of yam. The 

same quantities of food items were also boiled or 

cooked using a small sized conventional kerosene 

stove. Water boiling and food cooking tests were 

repeated with the water hyacinth biomass combustion 

aided with some pieces of wood. The temperature 

versus time history was taken for water boiling test 

while the total cooking time for the food materials 

were recorded.  

 

RESULTS A"D DISSCUSIO" 

The results obtained from the tests are shown in 

tables 2 to 4. 

 
Table 2: Result of water boiling test for biomass 

cooker and conventional kerosene stove  

Biomass Cooker Kerosene stove 

Time 

(mins) 

Temp(oC) Time 

(mins) 

Temp(oC) 

0.0 30.0 0.0 30.0 

5.0 34.2 5.0 37.0 

10.0 38.4 10.0 48.1 

15.0 43.3 15.0 60.0 

20.0 49.1 20.0 82.2 

25.0 54.0 24.0 100.0 

30.0 60.0 - - 

35.0 67.3 - - 

40.0 74.1 - - 

45.0 80.2 - - 

50.0 86.1 - - 

55.0 95.2 - - 

57.0 100.0 - - 

 

Table 3: Result of water boiling test for biomass 

cooker (aided) and conventional kerosene stove  

Biomass Cooker Kerosene stove 

Time(mins) Temp(
o
C) Time(minutes) Temp(

o
C) 

0.0 30.0 0.0 30.0 

5.0 42.4 5.0 37.0 

10.0 58.0 10.0 48.1 

15.0 87.3 15.0 60.0 

19.0 100.0 20.0 82.2 

- - 24.0 100.0 
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Table 4,  Summary of results for cooking on biomass 

cooker( unaided and aided) and kerosene stove. 

 Biomass cooker Kerosene 

stove 

Test unaided Aided with 

wood 

 

Items/qty Time 

(minutes) 

Time 

(minutes) 

Time 

(minutes) 

Yam, 2kg 59 28 32 

Rice, 0.4kg 66 32 38 

Indomie 

noodles, 

120g 

25 6 8 

 

Table 2, shows the temperature versus time recorded 

for the water boiling test for both the biomass cooker 

and conventional stove, it can be observed that water 

was brought to boiling point in 57 minutes while the 

same quantity of water was boiled on a conventional 

stove in 24 minutes. The test was repeated with the 

biomass aided with small pieces of wood. The water 

was brought to boiling point in a reduced time of 19 

minutes as shown in Table 3. This time is also better 

when compared with that for kerosene stove.  

Table 4 shows the summary of results of cooking on 

the biomass cooker (unaided and aided) and the 

kerosene stove. 

 

The indomie noodles  was cooked on the biomass 

cooker in a time of 25 minutes while for a 

conventional small sized stove the time taken was 8 

minutes. The experiment was repeated with the 

biomass cooker aided with small pieces of wood, a 

reduced time of 6 minutes was obtained as shown in 

table 3. 

 

The time taken for the rice to cook on the biomass 

cooker was 66 minutes while it took 38 minutes to 

cook the same quantity of rice on the kerosene stove. 

A reduced and better time of 32 minutes was 

obtained when the same quantity of rice was cooked 

on the biomass cooker when aided with some pieces 

of wood.  

 

The yam cooking test produced a time of 59 minutes 

on the biomass cooker, 32 minutes on the kerosene 

stove and 28 minutes on the biomass cooker when 

aided with some pieces of wood.  

 

The results obtained from the tests carried out shows 

that the water hyacinth briquette was able to cook the 

various food items although cooking took a longer 

time when compared with the conventional kerosene 

stove. This is due to the fact that the heat generated 

reduced over time and was concentrated only at the 

center of the hole. By aiding the biomass briquette 

with small pieces of wood a reduced and better time 

of cooking was obtained. The conversion of water 

hyacinth into biomass for cooking purposes will help 

in combating the spread of the plant while also 

providing an alternative energy source and slowing 

down the rate at which wood is being used for 

heating purposes.   

 

CO"CLUSIO" 

This presentation has shown that water hyacinth can 

be processed into Biomass briquettes for cooking 

purposes. The briquetting of the water hyacinth was 

done using a manually operated briquetting machine. 

The cylindrical mold which serves as the 

compression chamber in the machine also serves as a 

burner unit for the produced biomass briquette, when 

it is detached from the main assembly. Although the 

use of the water hyacinth briquette took a longer time 

for cooking purpose when compared with the 

kerosene stove, an improved cooking time can  be 

obtained when the water hyacinth briquette is aided 

with some pieces of wood. The water hyacinth 

biomass can serve as an alternative energy source.  
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Development of a Computer Program to Compute Approximate Heat 
Balance for Furnace Design

O.A.  Ighodalo 
Mechanical Engineering Department, Ambrose Alli University, Ekpoma, Nigeria

  
Abstract: This study presents the description of a computer program developed for purpose of carrying out an
approximate heat balance for a rectangular furnace at the design stage. This is often necessary in order to
determine the heat input, its expenditure and the fuel consumption. The program which was written in
MATLAB estimates surface areas, calorimetric and actual furnace temperatures, input heat from fuel
combustion and the heat output for metal melting, waste gases, and lining losses. Fuel requirement was obtained
by equating total heat input and output. The various percentages were determined as well as the thermal
indicators. The result of the application of the program to a furnace design of dimension 700×600×600 mm
using gaseous fuel (Butane) is presented. The percentage of heat lost through the waste gases, the unit energy
consumption and coefficient of total heat utilization compare well with what is obtainable in practice as
revealed in literatures. The program will be useful for furnace design purposes.

Key words: Aluminium, computer program, furnace, heat balance, matlab 

INTRODUCTION

It is necessary to know beforehand the probable fuel
consumption of a furnace in order to select the correct
size of burner; to dimension ports, vents and stacks; and
to select auxiliary equipment of correct size (Trinks et al.,
2004). Heat balance calculations are therefore made for
this purpose. The furnace is treated as a batch-type
furnace which operate periodically. Heat balance
calculations are therefore made per period and the heat
output focuses on that used in melting the metal, that lost
to waste gases and lining. The heat balance consists of
input and output items (E.C.C, 1998; E.C.C, 1993). The
primary source of heat input to the furnace is from the
combustion heat of fuel and also the sensible heat of the
combustion air and fuel when these are preheated. A part
of this heat input liberated in the furnace chamber is
absorbed by the stock, while the remaining is either
carried as sensible heat by the exiting fuel gas or is lost by
radiation through the furnace walls or casing (Mullinger
and Jenkins, 2008).

By using an estimated furnace temperature from the
adiabatic flame temperature of fuel used, the fuel used can
be calculated by setting up a heat balance equation where
total heat input is equated to the total heat output. The
expression for determining the above quantities have been
given by Krivandrin and Markov (1980).

The thermal condition of a furnace is assessed using
certain indicators which are, the specific fuel
consumption, coefficients of useful heat and total heat
utilization. These are also given by Krivandin and Markov
(1980), as well as Glinkov and Glinkov (1980). 

By making use of the appropriate expressions a Matlab
program was written which carries out the heat balance,
determine the thermal condition coefficients and prints the
result. The aim of this paper is to describe the program
which was so developed for this purpose.

MATERIALS AND METHODS

Program structure: The program starts with definitions
of global quantities. Then furnace dimensions and
properties, metal properties, fuel and combustion
properties are entered into their various sections. The
calculations begins with furnace surface areas and
volumes, specific heat of waste gases and preheated air
control input 0 and 1 is inbuilt into the program for no
preheating and preheating, respectively.

Next, is the calculation of the calorimetric
temperature of burning and actual furnace temperature.
The program does the balancing of the input and output
and the fuel requirement per period is obtained. This leads
to the estimation of the heat quantities utilized by various
parts of the furnace based on the fuel per period and then
their percentages are determined. Finally, the coefficients
for the thermal conditions of the furnace are also
determined and the program ends with the printing of the
results. The program flow chart is shown in Fig. 1, while
the program is given in the Appendix. 

Test case: The furnace design considered is a rectangular
furnace with external dimensions 700 x 600 x 600 mm.
The furnace is too used for recycling Aluminium. The
refractory castable thickness is 110 mm for the walls and
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Fig. 1: Program flow chart for furnace heat balance

roof. Density of refractory is 1900 kg/m3, emisivity = 0.75
and thermal conductivity = 0.75. Butane, a gaseous fuel
is selected for use and an excess air of 10% is assumed for
fuel combustion. 10 mm of glasswool insulation is
sandwiched between the refractory wall and outer steel
casing of 1.5 mm thickness.

The material to be melted is Aluminium and 50 kg of
metal melting capacity based on the combustion chamber
dimensions is used for design. Furnace operation without
combustion air preheating is considered. Since the
calculation is approximate, the following output items
were disregarded; heat losses by radiation through open
furnace doors; losses due to chemical incompleteness of
combustion; losses due to mechanical incompleteness of
combustion. 

RESULTS AND DISCUSSION

The approximate heat balance output from the
program for the furnace operation is given in Table 1. The
output from the heat balance shows that 11.087 kg/h of
fuel will be required for the furnace; this value will be
used to size the burner and other accessories. The output
also show that 10.3% of the total heat supply will be
utilized in melting the charge while 41.6% will be lost
with the waste gases. The heat accumulated and lost
through the walls and roof is 32.6% and that from the

surfaces is 0.5%. The highest percentage of heat loss is
through the waste gases and this is usually the case with
all fuel fired furnaces and in practice the percentage loss
is of the order of 50 to 60% (Baillargeon et al., 1998). The
low percentage of the heat loss from surfaces is an
indication of effective insulation. The thermal condition
indicators show unit Energy consumption per kilogram of
metal of approximately 10.16 MJ/kg and a specific fuel
consumption per kilogram of metal of 17.31 kg/kg.
According to CCMA and Technikon, (2001), Gas or oil
fired basic furnaces use about 880 to 1990 kWh per ton of
Energy (3.168 to 66.864 MJ/kg), the estimated unit
energy consumption falls within this range.

The value of the coefficient of useful heat utilization
relates to the energy absorbed by the charge and is
10.29% while the value of coefficient of total heat
utilization which is also synonymous with the overall
thermal efficiency is 58.41%. According to METALS
Advisor, (2008), the energy required for remelting
processed scrap is a function of the melting furnace
efficiency and melting efficiencies can vary from 10 to
80%. Mullinger and Jenkins, (2008) also stated that most
furnaces, as opposed to boilers, have a low thermal
efficiency in the range 5 to 35%. The coefficients of
useful and total heat utilization fall within this range. The
percentages estimated are indicators of the quality of
operation  of  the  designed  furnace  and  shows that the
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Table 1: Theoretical heat balance for normal furnace operation
Enter 0 for no air preheating or 1 for preheating:0
Enthalpy of waste gases hwg =    521.445 kJ/kg
Specific heat of waste gases in kJ/kg.k =      1.109 kJ/kg.k
calometric temperature of burning Tcal =   1390.997oC
Actual furnace temp Tac  =   1112.797oC
Average inside wall surface temperature =    757.599oC
Average wall temperature =    403.800oC
Fuel required per period B =     11.087 kg/h
A. heat input in kJ/kg   (percent)
= = = = = = = = = = = = = = = = = = = = = = = = = =
1. Heat of fuel combustion.

QCH = 507788.22 (100.0%)
2. Heat of preheated air.

QPA = 0.00 (0.0%)
---------------------------------------------------------------
Total Heat Input = 5.08e+005 (100.0%)
---------------------------------------------------------------
B. heat output in kJ/kg  (percent)
= = = = = = = = = = = = = = = = = = = = = = = = = =
1. Heat spent to melt metal.
QM =   52267.50 (10.3%)
2. Heat spent to heat metal container.
QC =       0.00 (0.0%)
3. Heat lost with waste gases.
QWG = 211190.76 (41.6%)
4. Heat accumulated & lost through walls &roof.
QTWR = 165429.32 (32.6%)
5. Heat lost by outer wall surfaces.
QTS = 2732.40 (0.5 %)
6. Unaccounted Heat loss.
QUN = 76168.23 (15.0%)
---------------------------------------------------------------
Total Heat output = 5.08e+005 (100.0%)
---------------------------------------------------------------
C. Thermal condition indicators
= = = = = = = = = = = = = = = = = = = = = = = = = =
Unit Heat Consumption kJ/kg of metal = 10155.76 kJ/kg of metal
Specific fuel Consumptionkg/kg of metal = 17.31 kg/kg
coefficient of useful heat utilization Nuhu = 10.29%
coefficient of total heat utilization Nhu = 58.41%
furnace productivity FP = 200.00 kg/day

furnace when constructed will perform well. The furnace
productivity of 200 kg/day is estimated based on 6 hours
of operation per day. 

CONCLUSION

The Matlab computer program developed for
carrying out the heat balance for the design of rectangular
furnaces has been described and tested. It can be used for
determining the probable fuel consumption, the heat input
to the furnace and the various heat output. The program
also estimates the thermal condition indicators. The
estimates obtained were validated by comparison with
values reported in literatures. The program will be useful
for preliminary design of rectangular furnaces. 

Appendix:
Matlab computer program 
%-------------------------------------------------------------------------%
%Program 1 % 
%Main programe name: Thbalance2.m %
%link to function program to calculate fuel required : Thbal.m            %

%link to function program to calculate specific heat of combustion
gases: Cp2.m   %
%MATLAB program to compute approximate heat balance for furnace
design    %
%by O.Ighodalo %
%Mechanical Engineering Department %
%Ambrose Alli University,Ekpoma %
%-------------------------------------------------------------------------%
Global rec QLH QPH Va ha M Cm Tm Tamb Lf Vwg hwg den Cref
Alpha Tos Tor QAW QAR Volw Volr ...
Saw Sar time twav lambda twg Eta Tcal Tac nol kq Mc Cc
%-------------------------------------------------------------------------
%FURNACE DIMENSIONS AND MATERIAL PROPERTIES
lfur=0.7;%lenght of furnace in meters
bfur=0.6;%breadth of furnace in meters
hfur=0.6;%height of furnace in meters
tfur=0.11;%thickness of furnace walls
den = 1900; %density of refractory in kg/m3
Cref = 0.99;%specific heat of refractory kj/kg k
lambda = 1.08;%(3.96kJ/m.oc) % Thermal conductivity W/m oc
%--------------------------------------------------------------------------
%Metal Properties
M=50; %Mass of metal
Cm = 1.045; %specific heat of metal kj/kg.k
Tm = 660; %melting temp for metal in oC
time = 1.5;% melting time in hours
Lf = 387; %latent heat of fusion for metal kJ/kg
Mc = 0;% mass of metal container (set to zero for direc charge firing)
Cc = 0.46;% specific heat of container(steel) kJ/kg.k
%--------------------------------------------------------------------------
%Fuel and combustion properties
%rec = 1; %control for air preheating
%rec = 0; %no air preheating
QLH = 45800; % lower heating value for fuel kJ/kg
Va = 34.03; %vol of preheated air m3
Tamb =30; %ambient temperature in oC
twg = 500; %assumed temperature of waste gases in oC
tpre = 300.0; % temperature of preheated air in oC
Eta = 0.8; % pyrometric coefficient
%--------------------------------------------------------------------------
%CALULATIONS
Sar = lfur*bfur; %roof surface area, m2

Saw = 2*(lfur*hfur) + 2*(bfur*hfur);%surface area for walls, m2

Volr = Sar*tfur; % volume of roof, m3

Volw = Saw*tfur; % volume of walls, m3

%%Compute enthalpy, specific heat of waste gases and preheated air
nol = [0.65 26.88 4 5];% no of moles of combustion products
02,N2,CO2,H20
sumn = 0;
for knol = 1:4
    sumn = sumn + nol(knol);
end
Vwg = sumn;%total vol. of waste gases 
%mol = [32 28 44 18];% molecular wt. of O2, N2,CO2 and H20 resp.
perc = [0.00178 0.7358 0.1095 0.1369];% percentage of waste gas
components
sumh = 0;
for kq = 1:4
H(kq) = quad('cp2',30,twg);
sumh = sumh + perc(kq)*H(kq);
end
hwg = sumh;%enthalpy of waste gases in kj/kg
Cwg = hwg/(twg-30);%specific heat of waste gases
ha = quad('cpa',30,tpre);%enthalpy of preheated air kj/m3
Ca = ha/(tpre - 30);%specific heat of preheated air kj/m3.k
QPH = Va*ha;%physical heat of air kj
%--------------------------------------------------------------------------
%calculate calorimetric temperature of burning Tcal & actual furnace
temp Tac
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rec = input('Enter 0 for no air preheating or 1 for preheating:');
if rec==1
Tcal = (QLH+QPH)/Vwg*Cwg;%calorimetrictemperature ofburningelse
Tcal = QLH/Vwg*Cwg;% calorimetric temperature of burning end
Tac = Eta*Tcal;% actual furnace temp
fprintf('enthalpy of waste gases hwg = %10.3f %s\n',hwg,'kJ/kg'); 
fprintf('specific heat of waste gases in kJ/kg.k = %10.3f
%s\n',Cwg,'kJ/kg.k');
fprintf('calometric temperature of burning Tcal = %10.3f
%s\n',Tcal,'oC');
fprintf('actual furnace temp Tac  = %10.3f %s\n',Tac,'oC');
% calculate average wall temperature
tav= (twg +Tm+Tac)/3; %average  inside wall furnace temperature
fprintf('average inside wall surface temperature = %10.3f %s\n',tav,'oC');
Alpha = 46;% surface heat transfer coeff
Tos = 50.;%326.1;%ave outer wall surface temperature
Tor = 50;%327 ;%ave outer roof surface tempperature
twav = (tav+Tos)/2;% average wall temperature
fprintf('average wall temperature = %10.3f %s\n',twav,'oC');
%-------------------------------------------------------------------------
%Estimate fuel required per period 
B =  fzero('Thbal',0);%fuel flow rate /period,kg/hr
fprintf('fuel required per period B = %10.3f %s\n',B,'kg/hr')
%--------------------------------------------------------------------------
%calculate heat quantities based on estimated fuel/period B& print
%HEAT INPUT
QCH =QLH*B;% heat of fuel KJ/period
if rec==1      
QPA = B*QPH; %heat of preheated air
else 
QPA = 0;
end
%heat output
QM = M*(Cm*(Tm - Tamb) + Lf); %heat of metal melting
QC = Mc*Cc*Tac; % Heat absorbed by container
QWG = B*Vwg*hwg; %heat of waste gases
%heat accumulated by walls and roof
QAW = Volw*den*Cref*twav;% heat accumulated by walls
QAR = Volr*den*Cref*twav;% heat accumulated by walls(roof)
QTWR = QAW +QAR;% total heat accumulated by walls and roof
QWoloss = Alpha*(Tos - Tamb)*Saw*time;% surface heat loss for
walls surface
Qors = Alpha*(Tor - Tamb)*Sar*time;%surface heat loss for roof
surface
QTS = QWoloss + Qors;%total surface loss kj/period
QUN = 0.15*QCH;%unaccounted heat loss
QTLOSS = QWG + QTWR+ QTS+ QUN;% total heat loss
QTOTIN = QCH + QPA;%total heat input
QTOTOU = QM + QC + QWG + QTWR + QTS + QUN;%total heat
output
Qu = QTOTIN/M;%UNIT HEAT CONSUMPTION/kg of metal
%calculate percentages
PQCH = 100*QCH/QTOTIN;% percentage heat of fuel input
PQPA = 100*QPA/QTOTIN; % percentage heat of preheated air
PQM = 100*QM/QTOTOU; % percentage heat of metal melting
PQC = 100*QC/QTOTOU; % percentage heat absorbed by metal
container 
PQWG = 100*QWG/QTOTOU; % percentage heat of waste gases
PQTWR = 100*QTWR/QTOTOU; % percentage total heat accumulated
walls and roof
PQTS = 100*QTS/QTOTOU; % percentage total surface heat loss
PQUN = 100*QUN/QTOTOU; % percentage unaccounted heat lossl
PQTOTIN = PQCH+PQPA; % percentage total heat input
PQTOTOU = PQM+PQC+PQWG+PQTWR+PQTS+PQUN; %
percentage total heat output
% OTHER QUANTITIES
SFC = B*QLH/29330;%Specific fuel consumption
Nuhu = 100*(QCH + QPA - QTLOSS)/(QCH + QPA);%coefficint of
useful heat utilization

Nhu = 100*(QCH + QPA - QWG)/(QCH + QPA);%coefficient of total
heat utilization
FP = (6*M)/time;%furnace productivity kg/day
fprintf('A. heat input in kJ/kg   (percent)\n');
fprintf('======================================\n');
fprintf('1. Heat of fuel combustion.\n');
fprintf('QCH = %10.2f %s %5.1f %s %s\n',QCH,'(',PQCH,'%',')');
fprintf('2. Heat of preheated air.\n');
fprintf('QPA = %10.2f %s %3.1f %s %s\n',QPA,'(',PQPA,'%',')');
fprintf('-------------------------------------------------\n');
fprintf ('Total Heat Input = %10.2e %s %5.1f %s
%s\n',QTOTIN,'(',PQTOTIN,'%',')');
fprintf('---------------------------------------------------');
fprintf('\n');
fprintf('B. heat output in kJ/kg  (percent)\n');
fprintf('=====================================\n');
fprintf('1. Heat spent to melt metal.\n');
fprintf('QM = %10.2f %s %3.1f %s %s\n',QM,'(',PQM,'%',')');
fprintf('2. Heat spent to heat metal container.\n');
fprintf('QC = %10.2f %s %3.1f %s %s\n',QC,'(',PQC,'%',')');
fprintf('3. Heat lost with waste gases.\n');
fprintf('QWG = %10.2f %s %5.1f %s %s\n',QWG,'(',PQWG,'%',')');
fprintf('4. Heat accumulated & lost through walls &roof.\n');
fprintf('QTWR = %10.2f %s %5.1f %s %s\n',QTWR,'(',PQTWR,'%',')');
fprintf('5. Heat lost by outer wall surfaces.\n');
fprintf('QTS = %10.2f %s %3.1f %s %s\n',QTS,'(',PQTS,'%',')');
fprintf('6. Unaccounted Heat loss.\n');
fprintf('QUN = %10.2f %s %3.1f %s %s\n',QUN,'(',PQUN,'%',')');
fprintf('---------------------------------------------------\n');
fprintf('Total Heat output = %10.2e %s %5.1f %s
%s\n',QTOTOU,'(',PQTOTOU,'%',')');
fprintf('---------------------------------------------------\n');
fprintf('\n');
fprintf('C. Thermal condition indicators\n')
fprintf('===================================\n');
fprintf('Unit Heat Consumption kJ/kg of metal = %10.2f %s\n',Qu,'kJ/kg
of metal');
fprintf('Specific fuel Consumptionkg/kg of metal = %10.2f
%s\n',SFC,'kg/kg');
fprintf('coefficient of useful heat utilization Nuhu = %5.2f
%s\n',Nuhu,'%');
fprintf('coefficient of total heat utilization Nhu = %5.2f %s\n',Nhu,'%');
fprintf('furnace productivity FP = %5.2f kg/day\n',FP);

%FUNCTION TO Calculate fuel/period B
function fb = Thbal(xb)
%HEAT INPUT
global rec QLH M Cm Tm Tamb Lf Vwg twg den Cref Alpha Tos Tor
QAW QAR Volw Volr ...
Saw Sar time twav Cwg Tac Mc Cc
QCH =QLH*xb;%KJ/period
if rec==0      
%    QPA = B*QPH; %heat of preheated air
%else 
QPA = 0;
end
%heat output
QM = M*(Cm*(Tm - Tamb) + Lf); %heat of metal melting
QC = Mc*Cc*Tac; % Heat absorbed by container
QWG = xb*Vwg*Cwg*twg; %heat of waste gases
%heat accumulated by walls and roof
QAW = Volw*den*Cref*twav;% heat accumulated by walls
QAR = Volr*den*Cref*twav;% heat accumulated by walls
QTWR = QAW +QAR;
QWoloss = Alpha*(Tos - Tamb)*Saw*time;% surface heat loss for
walls surface
Qors = Alpha*(Tor - Tamb)*Sar*time;%surface heat loss for roof
surface
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QTS = QWoloss + Qors;%total surface loss kj/period
QUN = 0.15*QCH;%unaccounted heat loss
QTLOSS = QWG + QTWR+ QTS+ QUN;% total heat loss
QTOTIN = QCH + QPA;%total heat input
QTOTOU = QM + QC + QTLOSS;%total heat output
fb = QTOTIN - QTOTOU;

%function (cp2) to calculate specific heat of combustion gases%
function y = cp2(t)
global  kq  nol
%global a b c d kq nol mol
%coef for specific heat polynomial,02,N2,CO2,H20
a = [25.48 28.9 22.26 32.24];
b = [1.520 -0.157 5.981 0.1923];
c = [-0.7155 0.8081 -3.501 1.055];
d = [1.312 -2.873 7.469 -3.595];
nol = [0.65 26.88 4 5];%no of moles of combustion products
02,N2,CO2,H20
%mol = [32 28 44 18];% molecular wt. of O2, N2,CO2 and H20 resp.
%y = (1/mol(kq))*(a(kq) + (b(kq)*10.^-2)*t + (c(kq)*10.^-5)*t.^2 +
(d(kq)*10.^-9)*t.^3);
y = a(kq) + (b(kq)*10.^-2)*t + (c(kq)*10.^-5)*t.^2 + (d(kq)*10.^-
9)*t.^3;
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