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Abstract
Despite the existence of pasteurization and its advocacy worldwide, most marketed milk in a
developing country like Nigeria are sold raw by the locals. It costs hundreds of millions of Naira
to set up a conventional pasteurizing plant in Nigeria. Boiled milk ends up curdling which results
in to a loss of nutrients, so it is not beneficial to treat milk by this method. This paper hence
presents the re-designing and fabrication of the contact area of a solar milk pasteurizer

Introduction
The application of engineering to improve on the efficient use of energy has made heat transfer
an integral part of engineering worth studying. The qualities of consumables and human life style
have been affected to a high degree by the application of heat transfer. Greiner and Bussick,
(2000) opined that the understanding and control of heat flow through heat exchangers, thermal
insulations and other supporting devices are frequently used in solving basic or fundamental
human problems which have made heat transfer a field of importance to Engineering.
There are different types of heat transfer devices and a heat exchanger is one of it. Heat
exchangers are thermal devices that transfer or exchange heat from one fluid stream to one or
more others (Chris and Naser, 2009). In liquid food industries, heat exchangers for many years
have become an essential component in the process line (Bako, 2015).
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Temperature control loops are often used with heat exchangers in a heat transfer process in other
to maintain an accurate and stable temperature. Temperature is a critical parameter to the health
and product quality in the case of food heat treatment. Barttlett (1996) opined that since a
possible presence of pathogenic organisms requires that food be heated above a certain
temperature even though, too high a temperature will affect the product quality and increase in
production cost. The nature of fluid within a system also affects pressure drop and heat transfer,
as an example, temperature control is affected by an abrupt fluid composition change.
In the food and dairy industry, heat exchangers play a pivotal role. The heat exchanger designed
to use solar energy is the solar collector (Klemens, et al, (2003). The application of solar
collector in milk processing involves liquid milk movement and it is an important operation
which cannot be overlooked. The flowability of milk within a system is determined by its density
and viscosity. The physics of these properties go a long way in the determination of developing a
heat exchanger. Since in the food and dairy industry consumables are produced, paramount
importance is placed on the materials and the thermal treatments of these foods. Through thermal
bacterial destruction kinematics studies, the time needed for a specific fraction of pathogenic
organism destruction has been examined (Bako, 2015). Success can only be considered achieved
in the thermal destruction process in the food and dairy industries only when the number of
viable organisms considered safe for human consumption is less than that present in it before the
heat treatment process was embarked upon.
Milk and its products are fundamental in human nutrition (Atia et al, 2011). Milk contains
essential minerals, high quality protein, fats and vitamins. These makes milk to be a very
important and complete diet on its own. Milk is a perishable foodstuff which when improperly
handled is an excellent medium for the growth of micro-organisms which cause spoilage (Atia et
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bacterial per ml (O'

Conner, 1994). Milk products and their cost are determined by an effective design of a heat
treatment plant.
The consumption of contaminated liquids and other liquid foods (milk inclusive) has been
attributed to the cause of about

of infectious diseases including diarrhoea, typhoid, cholera

in developing countries (Onyango et al, 2009). Heat treatment of liquid food is important
because the death of over

children per hour in the world and nearly more than four million

children per year has been attributed to diarrhoea by the World Health Organisation (WHO). The
direct consumption of over the air water and liquid food without heat treatment has created
tremendous stress on both huge medical bills and health which in turn results into high
morbidity. About a thousand faecal coli form per decilitre is found to be contained in surface
water and this is due to pollution from animals and human life activities. Speer (1998),
acknowledged that the consumption of fresh raw milk led to the transmission of cow diseases
such as typhoid, brucellosis and tuberculosis. In other to make surface water and dairy products
safe for human consumption, there is therefore need to have a design which will heat treat these
raw consumables thus, pasteurization comes in.
The consumption of un-pastured dairy product has been found to be a channel for the
transmission of zoonotic diseases from animals to man. Heating milk to a temperature below its
boiling point over a specific period of time is hampered by the epileptic power supply in our
country. Recommendation by the Nigerian Food and Drug Administration and Control
(NAFDAC) and her united state counterpart the Centre for Disease Control (CDC) has it that
only pasteurized milk be consumed as raw milk contains harmful bacteria such as Listeria
Salmonella and even E.coli 0157:47 which may cause life threatening illness. Efforts to make
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quality milk readily available and affordable through indigenous research and technology to
safeguard the health condition of the citizens (Bako, 2015). The available solar pasteurizers use
the immersion method where the milk vat is completely immersed in a water jacket. Therefore,
this paper seeks to redesign the area of contact with the milk vat where the heat exchange
process (pasteurization) takes place for improved performance.

Design/Fabrication Processing
Some of the components that makes up the solar milk pasturiser are , flat plate collectors, tubes
and absorber plates, glazing materials, thermal insulators, rivet pins. Figure 1 below gives some
of the working drawing of the designs
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Figure 1: working drawing of the solar pasturiser

The supporting frame was fabricated using mild steel, rectangular pipes (

of

4mm thickness same used in fabrication in (Moveh Samuel, 2016) . The process involved cutting
the rectangular mild steel pipes into different pieces which represents the dimensions of the
frame as shown in the working drawing. Hack saw, measuring tapes and electric arc wielding
machines were used to produce the supporting frame.
The absorber is a 1600mm

Aluminium sheet painted black on which the

zigzag copper pipes containing the working fluid (water ) will pass. The black coating absorbs
almost all solar radiation that falls on it. And the space underneath the absorber is filled with
insulation material (fibre glass) that retains the heat of the absorber. This layer was made 5cm
thick.
The re-design milk vat was fabricated from a 1.5mm thick food grade stainless steel with an
extension of the zigzag copper pipes from the absorber taken round the vat to provide for the
heat exchanging. This vat was maintained at a height of .26mm from the collector to allow for
the flow of the working fluid at maximum flow rate by convection from the collector.
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Material/Method
In the selection of materials for the re-design of the solar pasteuriser as seen in figure 1, certain
factors were considered. Factors like availability, cost and health implication.
From the working drawing it can be seen that Rivet pins were used as fasteners in joining the
different components of the solar pasteurisers together. The flat plate solar collector was selected
because it is relatively simple and its characteristics are known. It is the easiest and least
expensive to fabricate, install, and maintain. Moreover, it is capable of using both the diffuse and
the direct or beam solar radiation. For residential and commercial use, flat plate collectors can
produce heat at sufficiently high temperatures to heat domestic hot water, in buildings; they also
can operate a cooling unit, particularly if the incident sunlight is increased by the use of a
reflector. Flat plate collectors easily attain temperatures of 40 to 80ºC ((Soja, Enebe, & Samuel,
2019, Rhushi et al, 2011).
Also from the drawings, glass was chosen as the glazing material. This is because glass is
capable of transmitting solar energy. From the standpoint of the utilisation of solar energy, the
important desirable characteristics of a glazing material are low reflectance, (ρ), low absorptance,
(a), and high transmittance, (t). For a glass, reflectance and absorptance is very low and the
transmissivity is high. The choice of glass for the glazing is to admit as much solar radiation as
possible and to reduce the upward loss of heat to the lowest attainable value. Glass has been the
principal material used to glaze solar collectors because it has the highly desirable property of
transmitting as much as 90% of the incoming short-wave radiation (solar), while virtually none
of the long wave radiation emitted by the flat plate can escape outward by transmission, as can
be seen in (Rhushi et al, 2010, Victor & Moveh, 2017).
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In the design , the primary function of the absorber plate and tubes in the collector is to absorb as
much as possible the radiation reaching their surfaces through the glazing, to lose as little heat as
possible upward to the atmosphere and downward through the back of the container, and to
transfer the retained heat to the circulating fluid. Aluminum sheet was selected as the absorber
plate for this design because it has the properties mentioned above. Its durability, ease of
handling, its availability and relatively low cost are other major factors considered in its
selection. Copper tube was selected and preferred over any other metal for water passages
because of its high conductivity and compatibility with water. Absorber plates are usually given
a surface coating (black is commonly paint was used) that increases the fraction of available
solar radiation absorbed by the plate (absorptance a). The matte black paints, for which a = 0.92
to 0.98 were selected as in (Duffie and Beckman, 2013). Finally Fiber glass-wool and hard foam
material were selected for the thermal insulation of the flat plate, storage tank and connecting
pipes. These insulation materials are known to be dimensionally and chemically stable at high
temperatures, and resistant to weathering and dampness from condensation as stated by (Rhushi
et al. 2011).
Conclusion
Despite the existence of pasteurization and its advocacy worldwide, most marketed milk in a
developing country like Nigeria are sold raw by the locals. It costs hundreds of millions of Naira
to set up a conventional pasteurizing plant in Nigeria. Boiled milk ends up curdling which results
in to a loss of nutrients, so it is not beneficial to treat milk by this method. Therefore, adequate
pasteurization of raw milk before consumption must be enforced, demands that it’s readily
affordable in terms of cost and maintenance which at the moment, plants of such small capacities
for pasteurization of milk are rare.
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The cost of constructing milk pasteurizers and its subsequent space economy has been a major
constraint to engineers. Thus, this re-design and fabrication of a simple small scale solar milk
pasteurizer is a step in the right direction to save the lives of the citizenry. Hence the idea of this
paper is justified.
Reference
Abhiskek, A. (2012). Application of Solar thermal in Dairy industry, IRENE,Research Journal
of Physics 1 (2), pp 20-29
Agbo, S.N. & E.C. Okoroigwe (2007). Analysis of thermal losses in the flat plate collector of
a thermosyphon solar water heater. Research Journal of Physics 1 (1), pp 35-41
Ahmad, M.S. (2012). Modelling of Flat Plate Solar Collector operation in Transient
Masters of Science Engineering Unpublished thesis.

State.

Alternative Energy Tutorials. (2012). Alternative and Renewable Energy. Retrieved May 12th
2016 from http://www.alternative-energy-tutorials.com
Angela, H. (2001). Pasteurisation: A Sour Tale. Retrievedfrom http://www.thegoodsoup.com
Atia, M.F., Mostafa, M.M, Abdel-Salam, M.F & M.A. El-Nano, (2011). Solar Energy
Utilization for milk pasteurization .
Bako, D.M., (2011). Design, Fabrication and Testing of concentric tube heat exchanger for
raw milk pasteurization. Masters of Engineering Thesis unpublished, F.U.T Minna
Bako, D.M., (2015). Modelling and Performance evaluation of recycled concentric
tube
heat exchanger for raw milk micro-scale pasteurization. Doctor of Philosophy
Thesis
unpublished, F.U.T Minna
Barlett, D.A (1996). The fundamentals of heat exchangers Massachusetts: American Institute
of Physics 1(2). Pp 21-30
Bennamoun, I., & Belhamri, A. (2003). Design and Simulation of a solar dryer for
agricultural products. Journal of Food Engineering vol5(2,3): 259-266
Chris, L., & Naser, S. (2009). A text book on Heat Transfer. Retrieved on 23rd June, 2015
from free ebooks at http://www,bookboon.com
Dotun, P. (2015). development of a solar water heater, FUT Minna B.Eng unpublished

Thesis.

Duffie, J.A., & Beckman, W.A. (2013). Solar Engineering of Thermal Processes 4th Edition
Toronto. John Wiley and Sons Inc., Hoboken, New Jersey.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2019

doi:10.20944/preprints201912.0407.v1

Fallziah, S., & Balbir, S.M. (2003). Simulation of Convective heat transfer coefficient in the
receiver tube of a parabolic trough concentrator.
Francis, O.W., Michael, W.O., & John, W. (2012). Design and Performance assessment of a
flat plate solar milk pasteuriser for arid pastoral areas of Kenya. Journal of Food
Processing and Preservation 1(1): pp. 1-6
Fuller, R.J., Aye.L., & Zahnd,.A. (2005). Evaluating of a solar dryer in a high altitude area of
Nepal, Journal of Mechanical Engineering 2(6), pp 1-10.
Garg P & Prakash. J. (2008). Solar Energy. Fundamental and Application. Tata McGrawHill, New Delhi, India.
Goswami, D.Y. (1999). Principle of solar Engineering. George H. Bchanan Co Philadelphia
Goswami, D.Y., Vajayeraghara, S., Lu, .S. & Tamm, G. (2001). New and emerging
development in solar energy. World Solar Congress (ISES 2001), Adelaide,
Australia.
Greiner, H., & Bussick, F. (2000). Mechanical sealing for heat transfer fluids Lubrication
engineering 56; pp 17-24.
Gustavo, C.S., Chigueru, T., & Glicia, M.T.C. (2016). Solar Pasteuriser for the
microbiliogical decontamination of water. Journal of Renewal Energy 87: 711-719
Harley, J., & Hilton, D. (2007). Scientific evaluation of pasteurization for pathogen reduction
in milk and milk products. 8th Edition, Food Standards Australia and New
Zealand.
Hugh, C.J., & Neil, B. (2009). Educating the dairy industry on today’s and tomorrow’s dairy
Technologies. Available online at www.cpha.ca/uploads/history/book/history-bookprint_all_e.pdf. Retrieved 18th August, 2016.
http://en.climate-data.org/location/5038/. Retrieved on 15th April, 2017.
http://minna.climateps.com. Retrieved on 15th April, 2017.
International Diary Federation Conference, (1994): Environment issue and Animal health.
Available online at www.idf.Ica.guide.org/files/media/PDF/443-2010.pdf. Retrieved
on 15 May 2016.
Jaime, W. (2009). An improved and extended general correlation for heat transfer during
condensation in plain tubes. American Society of Heating, Refrigeration and Air
Conditioning Engineers, 15 (5), 225-237.
Jideam, A.M & Jideam, A.W. (2006): Laboratory manual of food and bacteriology: Ibadan,
Oyo: University Press.
Judith, F., Luis, S., Veronica, J., Ricardo, C., & Carlos. F. (2008). Pasteurisation of goat milk
using low solar concentrator. Journal on Solar Energy 82(1): 1088-1094

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2019

doi:10.20944/preprints201912.0407.v1

Kalogirou, S.A. ( 2003). Potential of Solar industrial process heat application. Journal
Of Applied Energy 76, pp 337-361
Kalogirou, S.A. (2004). Solar thermal Collector and Application. Progress in Energy and
Combustion Science 76, pp 231-295
Klemens, S., Maria, E., & Viera S. (2003). Solar Cooking system with or without heat storage
for families and institutions. Journal on Solar Energy 75, pp 35-41
Kumerasan, G, Vigneswaren, V.S., Esakkimuthu, S, & Velraj, R. (2016). Performance
assessment of a solar domestic cooking unit integrated with thermal energy storage
system. Journal of Energy Storage 6: 70-79
Lof, G.O.G. (1963). Recent investigation and the use of Solar Energy for cooking. Solar Energy
7, pp 125-133
Nasir, A. (2004). Design, Construction and Experimental study of the thermal performance of
a parabolic cylindrical trough solar air heater. A,U J.T. 8(1): 21-26
O' Conner, C.B (1994). Rural Diary Technology Training Manual No 1. Addis Ababa:
Internal livestock research Institute(ILRI)
Onyango, E.A., Thoruwa, T.F.N., Maingi, S.M., & Njagi, E.M. (2009). Performance of a 2element plane reflector augmented galvanised pipe flat plate collector for solar water
pasteurisation. Journal of food technology 7(1): 12-19
Qin, B., Pothakamury, U.R., Vega, H., Martin, O., Barbosa-Canova, C.V., & Swanson, B.G.
(1995). Food Preservation using high intensity pulsed electric fields. Journal of Food
technology 49(12): 55-60
Rabab, Z., Hafiz, A., Nasir, A., Muhammed, A. & Zia-ul-Haq, H. (2009). Fabrication and
Performance study of a solar milk pasteuriser. Pakistan Journal of Agricultural
Science Vol. 46(2) 162-170
Ramadhani, .B., Rwaich J.A.M & Karoli. N. N. (2015). Experimental analysis of air
flow
patterns in performance of flat plate solar collector. African Journal of
Agricultural Research
Vol.10(6), pp 524-533
Rhushi, P.R., Byregowda, U.V., & Ganavativ, P.M. (2010). Experimental analysis of flat plate.
European Journal of Scientific Research, 53 (23), 57-64. Retrieved April 7th
2016
from http://eurojournals.com/ejsr.htm
Rhushi, P.R., Byregowda, U.V., Ganavativ, P.M., & Shankaran, K.P. (2011). Performance
analysis of a solar water heater with flat plate collector using computer program.
European Journal of Scientific Research, 53 (23), 76-79. Retrieved April 7th 2016
from http://eurojournals.com/ejsr.htm
Moveh Samuel, A. G. V. (2016). Effects Of Vegetable Based Oils Lubricants In The Extrusion
Of Aluminium. International Journal of Scientific & Technology Research, 5(8), 32–34.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2019

doi:10.20944/preprints201912.0407.v1

Soja, Y. J., Enebe, V., & Samuel, M. (2019). Diesel Engine Performances Powered By Khaya
Senegalensis Biodiesel-Diesel Fuel Blend ( B20 ) With Fossil Diesel ., 11(5), 14–23.
Victor, G. A., & Moveh, S. (2017). Regression Model to Predict Micro-Hardness of Al-Si-Mg /
Coconut Shell Ash Particulate Composite, 3(8), 23–33.

Selfa, J.Z. (2015) Design , Simulation and Performance evaluation of a thermosyphon solar
water heater. MEng. Thesis, Ahmadu Bello University Zaria Nigeria.
Speer, E (1998). Milk and dairy product technology, New York: Marcel Dekker.
Srikuma P., Rohit, K.S., Rajan, D., & Subish, C. M. (2014). Identification of design
Parameters in a solar Collector Using inverse heat transfer analysis: Energy Conversion
and Management 88, pp 27-39.
Zima, W., & Dziewa, P. (2010). Mathematical Modelling of heat transfer in liquid flat plate
solar collector tubes. Archives of Thermodynamics, 31 pp45-62

