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Message of the President
Dear ESME Members and all stakeholders,
I would like first to convey my warmest greetings to you all.

Mechanical Engineering, though one of the most important catalysts of development, has been widely misunderstood
and under utilized in Ethiopia. The Ethiopian Society of Mechanical Engineers (ESME) has, therefore, been striving
to promote the Art, Science and Practice of Mechanical Engineering in the country over the past 19 years. It is in
light of this lack of appropriate awareness that the Society has embarked on the development of a local weekly TV
show which is hoped will start broadcast before the end of the year.
Mechanical engineers work in almost every technical field imaginable such as automotive, aerospace, nanotechnology, biotechnology, energy, computer aided design, manufacturing and agricultural mechanization and environmental
systems. Mechanical Engineering (M.E.) education is the broadest of all engineering disciplines which offers one of
the widest applicability and most flexibility in terms of career paths.
In addition to involvement in proper mechanical engineering specializations, mechanical engineers do play critical
supporting roles, be it in manufacturing and construction industries, or power generation and other related fields. This
will definitely call for a strong professional society if the main agenda of a country like ours is industrial development. Such a society can be the backbone for identifying the right professionals for the particular projects. It can also
involve itself in training and consultation activities to enhance mechanical engineering activities wherever the service
is required. The dependable services that the Society gives will encourage government, private, and public organizations to seek professional advice from the Society for their ongoing or new projects. So we see the need for a strong
mechanical engineering professional society. But unfortunately this has been said time and again and this has not
been realized for the last nineteen years.
Who are the stakeholders in the activities of strengthening this Society? Undoubtedly the members come first. This
is because their profession and capability will be advertised and popularized through this society. For this the minimum commitment from members is to stay up to date in their membership. But, almost equally, the responsibility also
goes to the government, public, and private organizations as they will also benefit from such a strong society since the
society will create a pool of professionals to be at their disposal so as to give dependable services whenever and wherever required.Here we recognize the support given by our institute members. But more can be done if memberships
are updated and institute members also participate in sponsoring of events.
It is out of concern of the current state of ESME that we are appealing to all concerned to take this into consideration seriously.

Towards beginning this process, with unreserved effort put by ESME office, the business wing of ESME (ESME
Training & Consulting Service) has finally been established legally. This will open up doors for income generation
which will contribute to the strengthening of the Society. In this regard, this office will always look for the full participation of its members in any of its projects. I would like to take this opportunity to thank: Yasart Engineering PLC,
Advanced Engineering PLC, My Wish Enterprise PLC, Zede Engineering PLC and Techtra Engineering PLC for their
generous donations for the establishment capital of the business unit.
Finally, I would like to thank SINTEC ETHIOPIA PLC for creating a scholarship fund for mechanical engineering
students whose role model I hope others will follow.
Tesfaye Dama (Dr.)
President
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The Ethiopian Society of Mechanical Engineers
(ESME)
The Ethiopian Society of Mechanical Engineers (ESME) was initiated at the founding conference held on April 7 and 8, 1995 at Akaki Spare Parts and Hand Tools S. Co.
It is a non-governmental and non-profit, professional association. Its members are professional and qualified mechanical engineers and other individuals who work in the areas of mechanical engineering and allied professions.
ESME was registered on August 1995 with the Ministry of Justice and recently with the
Charities and Societies Agency (CSA) fulfilling the requirements thereof.
The total number of registered members as of June, 2012 is 1114. It has also 41 active institutional members.
Members of the Society enjoy a number of privileges among which are the following:







Participation in the different activities of the Society thereby expanding their professional horizon;
Right to elect the Society’s officers and be elected as an officer.
Have the opportunity to publish technical papers in the Society’s bulletins and journals and/or present the same at the Society’s conferences, workshops, etc
Benefit from the Societies’ activities such as: workshops, seminars, conferences, panel discussions, technical trainings, study tours, periodic publications, etc.
Practice the profession by getting involved in the professional services delivered by
ESME.
Be governed by the Codes of Ethics of the Society and get professional recognition by
employers, certifiers, etc.

ESME’s organizational structure includes a General Assembly, a Board of Directors, an Executive Committee and a full time Secretariat. The General Assembly has full authority over
the Society, while the Board of Directors, elected every two years, is delegated by the General Assembly to oversee the activities of the Society and decide on issues that do not require the intervention of the General Assembly. Executive Committee members are also
elected every two years and are responsible for the management of the day to day activities
of the Society, supported by a full time Secretariat, consisting of an office manager & two
support staffs as well as the five Councils expected to actively participate in the execution of
the Society’s objectives.
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Performance Evaluation of Solar Tunnel Dryer
for Ginger Drying
Assefa Tesfaye1, Dr. Solomon T/Mariam2, Dr.Nigus Gabbiye3
1

Lecturer, Department of Mechanical Engineering, Mettu University, Mettu, p.o.box, 318, Ethiopia,
asefa2003@yahoo.com
2 Assistant professor, School of Mechanical and Industrial Engineering, Bahir Dar University,
Bahir Dar, 26, Ethiopia, solomontem@yahoo.com
3
Assistant professor, School of Chemical and Food Engineering, Scientific Director of BiT,
Bahir Dar University, Bahir Dar, 26, Ethiopia, nigus_g@yahoo.com

Abstract - several experimental tests were conducted to investigate the performance of the solar tunnel dryer for the
drying of ginger. The dryer is arranged to supply hot air to the drying chamber using two axial flow fans, with a power
rating of 28W, powered by a 50W PV module. No-load and load tests on the dryer, with solar PV operated fans have
been conducted. The drying parameters like solar radiation, drying air temperature, ambient temperature, relative humidity and air velocity are recorded at five solar tunnel dryer positions by dividing the 8.50 meter long solar tunnel dryer
in to four equal parts in every thirty minutes interval. In the no-load condition, the hot air temperature at the collector
outlet for 8 hour operation raised from 34.00C to 65.50C when the solar radiation was varying between 540 and 820 W/
m2. On the other hand, an average maximum temperatures of 30 0C (morning) and 770C at 13:00pm were achieved at
loading conditions. The constructed solar tunnel dryer has taken 24 hours (3 days) to reduce the moisture content of the
ginger from 90.4 % to 11.8% at wet basis while, open sun drying has taken 40 hours (5 days). The solar tunnel dryer
showed a net saving in drying time of 40% over open sun drying with solar collector area of 6m 2. As the collector area
increases, the drying time decreases and the drying efficiency and the saving in drying time increases. In addition, the
gingers being dried in the solar tunnel drier were completely protected from rain, insects and dust, and high quality
dried gingers were obtained. As the fans are powered by a solar module, the drier could be used in rural areas where
there is no supply of electricity from grid.
Keywords: solar energy, solar tunnel dryer, Moisture content, ginger, performance evaluation

I.

INTRRODUCTION

Solar drying is a very important application of solar
energy. Solar dryers are used primarily by the agricultural industry. The purpose of drying an agricultural
product is to reduce its moisture content. The average
daily solar radiation reaching the ground for Ethiopia as
a whole is 5.5 to 6.5 Kwh/m2/day of solar Insolation
[1].Solar thermal technology is a technology that is rapidly gaining acceptance as an energy saving measure in
agriculture application. It is preferred to other alternative sources of energy such as wind, because it is abundant, inexhaustible, and non-pollutant [2].
Traditional drying, which is frequently done on the
ground, in the open air, is the most widespread method
used in developing countries because it is the simplest
and cheapest method of conserving foodstuffs. Preservation of human food by open-air drying in the sun was
most likely one of the first conscious and purposeful
technological activities undertaken by humans. Tradi-

tional open-air solar drying methods are used all over
the world to dry plants, seeds, vegetables and fruits,
meat, fish, and other agricultural products in order to
preserve them. Over the last few decades, open-air drying has gradually become more and more limited because of the requirements for a large area, the possibilities of quality degradation, pollution from the air, infestation caused by birds and insects, and inherent difficulties in controlling the drying process [3]-[4].
Ginger (Zinziber officinale) is an important agricultural
product in Ethiopia, and it is used in the raw fresh form
in small quantities as well as dried form. The ginger
used for commercial purposes is the dried rhizome. In
most households, it is used as local medicine and as
spice for flavoring. It plays a vital role in the traditional
food habits of the country. Drying of gingers is done by
spreading it in open sun during the day [5].
The components of solar tunnel dryer are the flat Plate
Solar Collector, the fan, the drying chamber, and the PV
-module [6]. Thus, the objective of this paper is to mod-
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ify the existing solar tunnel dryer for better performance
using ginger as a product to dry.
II. MATERIALS AND METHODS
A. Materials
The main materials that are used for this work are sheet
metal, chip board, transparent plastic cover, transparent
glass sheet, welding rod, angle iron, L-metal, T-metal
and ginger. The material selections are based on the local availability of materials and cost.
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plate and the glass cover. It also reduces radiation losses
from the collector because the glass is transparent to the
shortwave radiation received by the sun[13]. The solar
collector is covered with glass cover that is fixed to the
solar collector glass frame. The drying chamber is also
covered with, UV-stabilized polyethylene sheet. One
side of this sheet is fixed to the tunnel frame and the
other side is fixed to a metal tube allowing the sheet to
be rolled up and down for loading and unloading the
dryer.

B. Description of Solar Tunnel Dryer
Solar tunnel dryers are successfully used on farms for
drying fruits, crops, vegetables, coffee beans, chili peppers, ginger and coconuts and it can be built using materials which are available locally. The cross-section of
the tunnel may be triangular, semi-circular, or have a
flat cover. A triangular shaped cross-section is generally
used in the case of this work. Fig.1.shows simplified
arrangement of solar tunnel dryer.

The covering glass and plastic sheets are tilted like a
roof to prevent water entering or for drainage of water
in case of rain. The roof supports by the side frames and
metal string running from the collector inlet to the dryer
outlet are connected so that the covered plastic does not
sag.

The standard solar tunnel dryer of the University of Hohenheim, is 18 meter long and 2 meter wide, with a collector area of 16 square meters and a drying area of 20

The Products to be dried are placed in a single layer on
a wire mesh inside the drying tunnel. Air entering the
solar collector is heated and is forced on the products
placed in the drying chamber using two fans, with a rating of 14W, which is attached to the inlet of the solar
collector. As shown in Fig.1, the use of these fans is to
blow the required mass flow rate of air to the drying
chamber, which results in enhancing the convection heat
transfer coefficient between the air and the dried product. These fans have an air handling capacity of 130650m3/hour each. The fan is driven by an electric motor
connected to the grid or fed by electricity generated by
solar photovoltaic module. For this experiment solar PV
panel with 50 W was used.

Fig.1.Solar Tunnel Dryer

square meters. However, taking into consideration the
land-holding capacities of marginalized rural farmers in
the Ethiopian region, a reduced size of the solar tunnel
dryer was constructed to make it more suitable for drying small quantities of agricultural products. It is shown
in fig.1.
As it can be seen in fig.1, the solar tunnel dryer constructed at Bahir Dar University, Institute of Technology, basically consists of solar collector (air heater), drying chamber, and two small axial flow fans with solar
PV module to provide the required air flow over the
products to be dried. The solar tunnel dryer to be constructed, is 8.50 meter long and 2 meter wide, with a
collector area of 8 square meters and a drying area of 11
square meters. The transparent cover is used to reduce
convection losses from the absorber plate through the
restraint of the stagnant air layer between the absorber

In this work chipboard is used as an insulation material
with thickness of 8mm provided at the bottom side of
the collector and drying chamber to reduce heat losses.

Solar radiation passes through the transparent cover of
the collector and heats the absorber. Ambient air is
forced through the collector. Heat is transferred from
absorber to air in the collector and heated air from collector while passing over the products absorbing moisture from the products. Solar radiation also passes
through the transparent cover of the dryer and heats the
products in the dryer.
C. Experimental set-up
The performance of the solar tunnel dryer is evaluated
by conducting tests at loading and no-load with sliced
ginger, by measuring the following parameters.
The incident solar radiation on the collector/dryer was
measured using a standard solar intensity meter
(pyranometer) with an accuracy of 1 w/m2. The instrument gives the instantaneous solar irradiance in W/
m2.The ambient temperature was recorded using an infrared thermometer. And the drying air temperatures at
five positions of the solar tunnel dryer (Inlet, middle of
collector, outlet of collector, inlet of drying chamber,
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middle of the drying chamber, and outlet of drying
chamber) were recorded by thermometers with an accuracy of ±0.50C. To measure the temperature of air inside
the solar tunnel dryer, thermometers were inserted into
the hole at five positions and it was taken when the
reading reached equilibrium point.
TA 6000 type anemometer from Testo instruments
measures velocity of air at the inlet, middle and outlet
position of the solar tunnel dryer. This anemometer is a
versatile wind speed indicator which can be used wherever an accurate visual reading of wind speed is required.
It measures flow velocities in the interval 0 to 20m/s.
The relative humidity (RH), dry bulb temperature and
wet bulb temperatures of air inside the solar tunnel dryer were recorded by using hygrometer with an accuracy
of 1 percent. All measured data (drying air temperature,
Relative humidity, air velocity, ambient temperature and
solar radiation) were registered at an interval of thirty
minutes starting from 9:00 am to 16:30 pm manually.
An electronic balance with an accuracy of ± 0.1gram
was used to measure the weight of the material to be
dried during experiment and its measuring capacity is
15 kg. It has high precision and suitable than other analytical balances.
Fig.2. Experimental Set-up of Solar Tunnel Dryer

D. Sample Preparation and Initial Moisture Content
Determination
Freshly harvested gingers were purchased from the local
market. After that, the ginger was washed repeatedly in
water until it was clean and then sliced using a manual
slicing machine to increase the rate of drying. The gingers are sliced in the following dimensions: Average
length of 9.5cm; thickness of 1.5mm-2 mm; which results with mass of 7.5-9.0 grams. The sliced gingers
must have the same product variety to see the drying
characteristics. The rate of drying increases with decrease in particle size. And then, the sliced gingers
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which is found in Bahir Dar University, Institutes of
Technology, Food Technology Department laboratory.
A 10g sample ginger in to two different sample holder,
are placed in an oven dryer for 24 hours at 105oC. After
24 hours, the dried sample was left in the desiccators for
at least 10 minutes before being weighed. The final
weight of the sample ginger was measured with an electrical balance after 24 hours. The initial moisture content then calculated as the difference of initial weight to
final weight using a standard formula [14]. Finally, the
initial moisture content of the sample ginger at wet basis
was 90.4%.
E. Procedure of loading and un-loading experiments
Before the test was conducted with material to be dried,
the dryer was checked with no load conditions. The dryer is preheated for several minutes with set temperature
and velocity. The exit and inlet flow areas were reduced
by closing the air flow channels at the expense of the air
flow rate until a drying air temperature above 38⁰C was
achieved which is required for the drying of fruits and
vegetables.
The first step was weighing of the sliced ginger which is
to be dried in the solar tunnel dryer. After that, the
sliced ginger is spread uniformly in a thin layer on to
the wire mesh tray. The temperature and the velocity of
the hot air are measured just before the sample is spread
on the wire mesh tray. The control sample was left in
the open sun and dried under natural conditions in the
sun. The mass of the sliced ginger were recorded before
and after drying each day, and the moisture content of
the samples at different drying periods were calculated
using a standard equation. Finally, the reduction in
moisture content of the ginger in the solar tunnel dryer
is compared with the control sample which was dried in
open sun under natural conditions.
The second step is to measure data from the collector
and dryer: air temperature at five positions of the solar
tunnel dryer, relative humidity at the inlet and exit of
the drying chamber, solar radiation and ambient temperature were also recorded manually at intervals of 60
minutes.
The total length of the solar tunnel dryer is 8.50m and
its width is 2m long. The height is uniform throughout
the tunnel dryer, i.e. 74cm.
The positions of the measured parameters during the
experiment are shown in Fig.3.

(sample) were spread in wire mesh trays on the drying
chamber to cover 8m2 of surface area.
The initial moisture content of the ginger is determined
by using an electrical oven dryer of DHG-9140 Model,

Fig.3. Positions where temperature are taken

During night times, the inlet and the exit of the solar
tunnel dryer were closed and the control sample was
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placed in a room to prevent the ginger from moisture
regain. This is because during the night there was loss
of moisture to the air in the dryer and in the room. The
drying process was considered to be complete once the
moisture content of the slices dropped to 11-12% on wet
basis. The quality of the dried product is ensured based
on the criteria of color through visual inspection, taste
and smell. The dried product has clean, whitish color, it
smells nice and the taste is good.
III. RESULTS AND DISCUSSION
F.
Solar

hence the air temperature inside the dryer is maintained
almost steady.
Fig.4. Effect of solar radiation on outlet air temperature

Air flow rate is an important factor influencing the performance of a solar tunnel dryer. Fig.5. shows the variations of the temperature at the collector outlet and the
air velocity with time of day of a typical experimental
run. The drying air temperature at the outlet of the collector at 9:00 AM is 50.2 o C; at 12:00 o’clock is 70 o C
and 74 at 16:00 o’clock. The air flow rate at the outlet
of the collector at 9:00 AM is 3.6 m/s; is 4.0 m/s at
12:00 o’clock and at 16:00 o’clock 4.2 m/s.
Fig.5. Drying temperature and air flow rate
as a function of time

This shows that there is an increment of drying temperature and air flow at the outlet of collector throughout the
day. The variation of the air flow rate helped to regulate
the drying air temperature. During low solar Insolation
period less energy was received by the collector and the

drying of ginger
The solar tunnel dryer constructed at Bahir Dar University was used to test the suitability of the solar tunnel
dryer for drying of ginger under Bahir Dar conditions.
Experimental data on solar radiation, ambient air temperature and relative humidity, air velocity and temperatures at five different positions of the dryer along the
length were recorded.
The performance of a dryer, or drying efficiency, depends on the drying time and the quality of the end
product, besides factors such as collector performance
and drying temperature.
G. No-load dryer performance
No-load tests were c o n d u c t e d
with DC/
Photovoltaic operation of the fans. Solar insolations,
relative humidity, air velocity, ambient temperature, dry
and wet bulb temperatures are recorded during no-load.
The solar radiation during no-load test varied from 543
to 820 W/m2. The maximum solar insulation of 820 W/
m2 was observed at 13:00 o’clock. The relative humidity varies from 26.2 to 36.3 percent. The ambient temperature varied from a minimum of 21.5°C to a maximum of 35.6°C. The drying air temperature varied from
34.0 °C to 65.5 °C at the collector outlet of the solar
tunnel dryer depending on weather conditions and time
of the day.
With variations in solar radiation levels, the temperature
also varies. At low levels of solar radiation, the flow
rate is automatically reduced due to the reduced electrical power output of the solar panels, and vice versa. The
lower the flow rate, the higher is outlet temperature, and

air flow rate was low. This resulted in minimum variation of the drying air temperature throughout the drying
period.
The temperature profile along the length of the collector/dryer for unloading conditions has been shown in
fig.6 with PV operated fans. I have taken three specific
hours of a day to show the variation of temperature. As
shown in Fig.6, the drying air temperature at 12:00
o’clock increases steadily and maximum temperature is
achieved at this time. The temperature at 4:00 pm in-

creases from inlet to outlet of the solar tunnel dryer. It is
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interesting to see that the temperature profile over the
length of the drying chamber is not significantly influenced by the moisture content of the product. At unloading conditions, the drying air temperature increases
steadily, from the inlet of the collector up to the outlet
of the drying chamber throughout the day.
Fig.6.Temperature profile along the length of collector/dryer
at unloading conditions.

H. Loading test of solar tunnel dryer for ginger drying
The experiment on drying ginger was conducted in the
solar tunnel dryer constructed in Bahir Dar University to
evaluate the performance of the dryer under loading
conditions. The dryer was loaded at 9:00 a.m, with 8 kg
of ginger, by spreading the ginger on a wire mesh tray
as a thin layer. At the end of each day, the sample gingers were collected and stored in a plastic bag. Drying
was continued the next day, by spreading the ginger in
wire mesh tray again, in the solar tunnel dryer. The process was continued until the required moisture content
was achieved. Control samples were dried
simultaneously, in open sun, under the same weather conditions, for comparison.
a) Open Sun drying
b) Solar tunnel drying
Fig.7. solar drying of ginger in open sun and tunnel dryer

Interface

Eight experimental tests were conducted between September 15 and November 30, 2006. Solar insulations,
relative humidity, air velocity, ambient temperature, dry
and wet bulb temperatures are recorded manually every
30 minutes. In this work one of the test data was used to
evaluate the collector efficiency, drying curves, relative
humidity and temperature measurements in the collector
and dryer. During the tests period, the heated air was
used to dry the sample ginger.
It was observed that, the maximum temperature inside
solar tunnel dryer at the outlet of the solar collector was
found to be 77.9 0C with relative humidity of 33.0 %. It
was found that the average temperature and relative humidity inside the solar tunnel dryer were 59.450C and
45.2% respectively.

Fig.8: variations of insolation and temperature at outlet of
the collector.

The solar radiation during loading test varied from 445
to 858 W/m2. The maximum solar insolation of 858 W/
m2 was observed at 12:30 o’clock. The relative humidity varied from 26.2 to 36.3 percent. The ambient temperature varied from a minimum of 21.5°C to a maximum of 35.6°C. The Drying air temperature varied from
33.0 °C to 77.9 °C at the collector outlet of the solar
tunnel dryer. It depends on weather conditions and the
time of the day. With variations in solar radiation levels,
the temperature also varies. The variation of drying air

temperature and solar radiation intensity with respect to
time at the outlet of the solar collector is shown in Fig.9.
I. Temperature profiles in the collector and dryer units
Fig.9. shows the temperature profiles along the length of
the solar dryer. At loading conditions, the drying air
temperature increases steadily throughout the collector
at 9:00, 12:00 and 16:00 o’clock. But, the drying air
temperature decreases across the drying chamber with
the same drying time. This is due to the sample ginger
having 90.4% moisture content and it is evaporated.
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Gauhar A. and Mastekbayeva also approved this idea.
The temperature profile over the length of the drying
chamber is influenced by the moisture content of ginger.
The temperature profile along the length of the collector/dryer has been shown in fig.9, for dryer operation
with PV operated fans.
Fig.9.Temperature profile along the length of collector/dryer

J. Relative Humidity and Capacity of the Air
The humidity of drying air is a critical factor controlling
the drying rate of the product. The lower the relative
humidity, the greater is the absorbing capacity of drying
air. An ideal drying process would ensure 100% relative
humidity in the air leaving the dryer, but considerably
less relative humidity at the inlet of the drying chamber.
The relative humidity of air at the outlet of the dryer
shows that the air has still a considerable drying potential, implying that the rated capacity of the dryer has not
been fully utilized [22].

ambient air. The relative humidity and temperature of
the ambient air are included for comparison in fig.10.
Fig.10. Time variation of the relative humidity in the dryer: at
the inlet of the dryer, exit of the collector,
and outlet of the dryer

K. Moisture Content Variation and Drying Efficiency
for Ginger Drying
The moisture content of the ginger before and after drying for each day was determined by taking a sample for
analysis. Drying Curves are shown in Fig.11.and Fig.12.
Fig.12. shows the comparison of the variations of the
moisture content with the time during solar drying of
ginger with those of open sun drying for a typical experimental run with a drying area of 6m2 and a loading rate
of 8kg. The moisture contents of the samples at different
drying periods were calculated using a standard equation. The total drying time of 24 hour was required for
solar tunnel dryer for ginger drying at a total loading
rate of 8 kg per batch to reduce the moisture content

Fig.11, presented that, the average relative humidity of

Interface

the ambient air was 41.4% compared to the relative humidity of the air at the collector exit which has an average of 38.1% in the morning, 33.5% - 42.6% between
11- 15 hours with a minimum of 30.2% at 13:30 hour
and an average of 35.4% in the late afternoon. However,
the low relative humidity of the exhaust air shows that
the potential of the drying air to remove moisture was
not fully utilized, this can be seen from the graph in the
after-noon. This can be improved through proper utilization of the drying potential of the air by recirculation of
the dried air.
The relative humidity is affected by the air temperature.
Heating the air decreases the relative humidity and respectively increases the capacity of the air to carry away
moisture during a drying process. The extent to which
this is achieved depends on the weather conditions,
namely the absolute humidity and the temperature of the

from 90.4 % (w.b) to 11.8 % (w.b), while the corresponding drying time for open sun drying was 40 hours
(five sunny days) to bring down the moisture content to
from 90.4 % (w.b) to 11.74% (w.b). There is a considerable reduction in drying time of ginger in solar tunnel
dryer as compared to sun drying of ginger. The drying
efficiency of solar tunnel dryer with 6m2 area is 31.6%.
Desai et al. demonstrated the saving in drying time of
solar tunnel drying compared with open sun drying for
ginger drying. The saving in drying time for solar dryer
over open sun drying was calculated using the following
formula [10, 21].
It showed that a net saving in drying time of 40 % was
achieved through solar tunnel dryer over open sun
drying without effecting any considerable change in the
quality of the dried product. The solar dried products are
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protected from dirt, pest and other attacks. The dried
ginger is a quality dried product.
Fig.11.Drying Curves for open sun drying and solar tunnel
drying 8m2 area.

water; I = hourly Average solar radiation on the aperture
area (kWh);A = the drying area of the solar tunnel dryer

Fig.12. presented that the drying curves for solar tunnel
dryer and open sun drying at a total loading rate of 8 kg
of sample ginger and drying area of 8m2. The total drying time of 20 hours (2.5 sunny days) was required for
solar tunnel dryer for ginger drying to reduce the moisture content from 90.4 % (w.b) to 11.99 % (w.b).The
corresponding drying time for OSD is 40 hours with the
same moisture content. The saving in drying time is increased to 47.5%. At this drying area, the drying efficiency of the solar tunnel dryer is 19.5%.
Fig.12.Drying Curves for OSD and STD at 8m2 area

L. Drying Efficiency of solar tunnel dryer

(m2).

i. Drying Efficiency with variations of area
Drying efficiency of the solar tunnel dryer has been
estimated by taking solar energy input to the collector
and dryer parts into account. Drying efficiency of ginger
was estimated by considering: total radiation incident
and initial and final weight of the product and thus the

The drying efficiency most importantly depends on the
amount of water evaporated (kg) from the product and
the drying area. As the drying area decreases (increasing
the collector area) the drying efficiency (%) of solar tunnel dryer increases. The saving in drying time also increases.
ii. Drying Efficiency per Kilogram of Ginger
At this section the drying efficiency is calculated by a
standard equation using the results from the experiment.
The drying area is fixed and only the weight of product
to be dried is varied. Three experiments are done with
fixing the drying area and varying the weight of the
product to be dried; 6kg, 8kg and 11 kg. The result is
presented in fig.14. As it can be seen in fig.14; significant
variation is observed by varying the weight
of the
sample ginger. As we have varied the weight
of the
product, the drying efficiency also varies. As
the weight of the product to be dried increases, the drying efficiency increases.
Fig.13.drying efficiency per kilogram of ginger

M. Collector Performance

The efficiency of solar collector is defined as the ratio of
the useful energy gain to the incident solar energy [3].
amount of water evaporated. The system drying efficiency is defined as the energy used to evaporate the
moisture in the product divided by the energy input to
the dryer. Drying efficiency for solar tunnel dryer is given by:[22].
=

… (1)

Where: = drying efficiency;W= weight of water evaporated from the product; L = latent heat of evaporation of

… (2)
Where:
= collector efficiency; = the useful energy
collected by the solar collector; = area of solar collector;
= average daily total radiation on a tilted surface.
The efficiency of the collector could be seen from the
difference in temperature of the exit and inlet of the air
to the solar collector. The solar collectors have to be
cleaned from time to time to eliminate the deposits of
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dusts. This improves the performance of the solar tunnel
dryer. In this dryer, a temperature within 10-40⁰c higher
than the ambient air temperature was recorded by fully
opening the inlet and the exit of the dryer,. However, for
drying of the ginger the temperature was increased by

Fig.14.shows the ambient and outlet air
temperatures for the collector.

decreasing the inlet of the collector and outlet of the
dryer areas and a temperature within 14-33.20C higher
than the ambient air temperature was obtained and this
variation is shown in Fig.14.

The instantaneous efficiency of the solar collector started to rise in the morning period and dropped down at
10:30 am. And it starts to rise again at 11:30 to
38.3%.The collector efficiency reaches maximum at
13:00. It was relatively constant at 34.79% from 13: 30
hours to 15:00 hours and dropped down in late afternoon. The variation obtained is typical for a flat plate
collector and indicates strong dependence of efficiency
on the metrological data. The daily efficiency, averaged
over 8 hours (9:00 to 16:30) comes out to be 30.7%.
Fig.15.Variation of instantaneous efficiency

of the flat plate collector

IV. CONCLUSIONS
Eight experiments have been conducted at no-load and
loading conditions. At No-load conditions, maximum
solar insolation of 820 W/m2 was observed at 13:00 pm.
The Drying air temperature varied from 34.0 °C to 65.5
°C at the collector outlet. During loading test maximum
solar insolation 858 W/m2 was observed at 12:30 pm.
And the maximum temperature of 77.90C is found
at13:00 pm. The temperature profile at loading conditions over the length of the drying chamber is influenced
by the moisture content of the ginger. For a fixed solar
collector area, as the weight of sample ginger increases,
the drying efficiency increases. In addition, as the drying area decreases, the drying efficiency (%) increases.
The instantaneous efficiency of the solar collector grad-
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ually increases from morning to evening and it’s dependent on metrological conditions. At the collector outlet, a temperature within 10-40⁰c higher than the ambient air temperature was recorded. The average daily efficiency over eight hours comes out to be 30.7%.
To reduce the moisture content of the ginger from 90.4
% to 11.8% at wet basis with a loading rate of 8kg a solar tunnel dryer requires total drying time of 24 hours.
While, open sun drying requires drying time of 40 hours
to obtain the same level of moisture content. The products being dried in the solar tunnel dryer are completely
protected from rains and insects. The solar tunnel dryer
showed a net saving in drying time of 40% over open
sun drying.
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Abstract — A parabolic trough solar concentrator of aperture area of 1.2 m x 2m with concentration ratio of
15.5 has been designed, manufactured and the experimental analyses was performed with and without cavity
absorber for water heating.
A40mm x 40mm steel square tube was modified to give a C-shape groove in one of its sides to serve as a cavity
tube absorber. The cavity absorber’s performance was compared with simple steel tube absorber of 25 mm external diameter using manual tracking mechanism.
In the experiment made in the month of December, 2013 results have shown that the system with cavity absorber raised the temperature of water in the tank up to 88-90oC whereas the system with a simple a circular absorber has raised the temperature only up to 82-84oC.The daily average solar collector efficiency for the cavity system and the simple pipe absorber system were 25.6% and 18.9% respectively whereas the temperature and efficiency difference between the systems were 6oC and 6% respectively. Hence, using a cavity absorber is preferable.
Key words- Cavity absorber, solar energy, parabolic trough solar collector, collector efficiency

I. introduction
Solar radiation can be concentrated using parabolic
trough collector, parabolic dish collector, heliostat collectors and other types. Heat losses from solar receiver
mainly include three contributions: radiation heat loss,
convective heat loss, and conduction heat loss. The radiation heat loss is mainly dependent upon the receiver
structure, wall temperature and emissivity/absorption of
the receiver walls, while the convective heat loss is
mainly determined by the receiver structure, wall temperature, and wind velocity.

III. CAVITY RECEIVER DESIGN
The receiver is the part of the system that converts solar
radiation to heat energy in a Working fluid. The receiver
consists of an absorber, heat exchanger and
possibly heat storage. The absorber is the impinging
surface for reflected solar radiation to strike. Radiation
is absorbed into the absorber material as heat. The heat
exchanger transfers the energy to a working fluid that
carries the energy out of the receiver. Equation (1)
shows an energy balance for a receiver [3].

The receiver has been coated with selective material
which has high absorptive and low emissivity power [1].
II. DESCRIPTION OF PARABOLIC TROUGH

(1)
And

CONCENTRATOR

Parabolic trough collectors are made by bending a sheet
of reflective material into a parabolic shape. A black
metal tube is placed along the focal line of the receiver.
When the parabola is pointed toward the sun, parallel
rays incident on the reflector are reflected onto the receiver tube. The concentrated radiation reaching the receiver tube heats the fluid that circulates through it, thus
transforming the solar radiation into useful heat[2].

Qout  Qabs  Qloss

total receiver efficiency, is given by
Equation

(2)

IV.

 rec 

Qout
Qabs Cavity absorber emissivity

The emissivity of many isothermal enclosures have been

Ethiopian Society of Mechanical Engineers (ESME)

-15 -

Journal of the 19th Annual Conference

March, 2015

calculated using the assumption that the material is a
diffuse reflector [4,5]. Some calculations have been
made on the assumption that the material is partially
specular and partially diffuse in its reflecting properties
[6]. It has been found that, in general, the simpler diffuse theory will give a lower bound to the value of the
emissivity.
Apparent emissivity: the analysis determines how it is
related to the surface emissivity ε, where ε is constant
over the cylindrical side of the hole. Apparent emissivity can be calculated by using

face area
 Have the same shading effect compared to the
circular tub.
 Easily contact the incoming radiation because of
flatness of surface.
Figure 4: Cavity Absorber Assembling

The cavity absorber can be easily manufactured by die
extruder.

(3)

a 

1
1  d / 4 D 2 1    /  
2

Figure

1:Diameter of Receiver
1:Apparent Emissivity of Cavi-

Table
ty Absorber

Figure 2: Emissivity of material ε D/d=3 D/d=4
Appar0.5
0.973 0.985
ent Emissivity vs the Ratio of Area of Outlet to Inlet.

0.7

0.989

0.993

0.997
0.998
V. FABRICATION 0.9
OF CAVITY
ABSORBER

Collector aperture area=2.4m2
Aperture width= 1.194m
Length= 2.012m
Rim angle=75o
Receiver diameter pipe =0.025m
Cavity receiver = Square pipe 0.04mx0.4m it was welded with the 0.022m internal diameter and the opening
cavity is 60o
Tracking mechanism type=Manual
Concentration ratio=15.5
Focal length=0.389m
Figure 4: Photograph of PTSC setup ready for experiment using
Cavity Absorber and Using Tube Absorber at different days.

VI. EXPERIMENTAL SETUP AND
PROCEDURE

Cold water circulates from the collecting tank to the ab-

AND SOLAR PARABOLIC TROUGH
The cavity absorber has its own purposes
 It is easy to manufacture.
 Less accuracy of tracking mechanism is needed
compared to tube receiver due to its larger sur-

sorber tube and the absorber tube where the solar energy
is absorbed as heat (by increasing the internal energy).
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The water inside the tubes expands and so becomes less
dense than the cold water from the storage cylinder. On
the principle of thermosyphon, hot water is pushed
through the collector and rises by natural convection to
the hot water storage tank and cold water from the cold
water tank simultaneously descends to the bottom header of the collector by gravity pull. Therefore, there is
circulation as a result of an increase in temperature and
volume of the warmer water to the hot water storage
tank. The circulation continues as hot water goes out,
while cold water comes in[7].
Figure 5: Diagram of the Experimental Setup.

March, 2015
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VII. MEASURING INSTRUMENT

K-type thermocouple was
used to measure temperature.
The Volt craft PL-110SM is a robust and easy to operate
solar radiation measuring instrument meter to measure
the level of solar radiation.
The Kaindle Wind master can be used for many outdoor
activities such as sailing, kite-flying and paragliding or
ballooning, it is important to know how strong the wind
is blowing.

The following procedure was used to perform the experiments [8, 9]:
1.15 liter of water was filling the tank during experiment
everyday
2. The collector was exposed to solar radiation.

Figure 6: Testing Instrument Thermocouple, The Voltcraft
PL-110SM and Kaindle Wind Master that were uses during
experiment.

VIII. EXPERIMENTAL RESULTS AND
DISCUSSION

3. In each experiment was carried for 30 min duration.
4. The collector was tracked with the sun manually by
inspecting the reflecting rays falling on the absorber.
5. After the preparation of the apparatus, the following
parameters were measured and recorded: Mean bottom temperature by water inlet temperature of the
tanker, Mean middle water temperature of the tanker,
Mean top temperature water outlet temperature of the
tanker below by one centimeter from the surface of
water, Total radiation falling on the collector surface
and surrounding air temperature.
6. Experimental analysis: experimental investigation
was conducted by recording data, at least two data for
each parameter under consideration. The thermal performance of the parabolic solar concentrator can be
estimated by the solar collector efficiency by using

Cylindrical parabolic collector was manufactured in Bahir Dar University and used to heat the water by manual
tracking. Using this parabolic trough collector, the parabolic trough was lined with car reflector and the thermal
experimental analysis was performed for cavity absorber
and steel tube absorber. The concentrator has an aperture length of 2 m and 1.2m aperture width, while the
absorber tube (0.022m inner and 0.025m outer diameter)
and the cavity absorber was( square pipe 0.04mx0.4m it
was welded with the 0.022m internal diameter and the
opening cavity is 60o ) Both absorbers were uncovered
Experiments were performed from 8:00AM to 10:00
PM.
A. Variation of solar intensity and temperature with time
for tube steel absorber in 27nd December 2013.
The collector was exposed to solar radiation and experimental data was recorded after regular intervals of day
time (8:00 AM to 10:00 PM)

(4)

7. Compare the result of cavity and circular steel pipe
absorbers.

Figure 7: Variation of Temperature of the Tanker and Beam
Solar Intensity with Time.
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Intensity with Time

This graph shows that at the Bottom (T1), middle (T2),
average (T3) and top (T4) temperature of water in the
tanker is minimum 18oC at 8:00AM which increases

This graph shows that at the Bottom (T1), middle
(T2) ,average (T3) and top (T4) temperature of water in
the tanker was minimum 18oC at 8:00AM which increases gradually with time and reaches its maximum 79
(T1), 80 (T2), 81 (T3) 83 (T4) 1:30 PM consecutively.
After that temperature starts to decreases gradually due
to losses from tanker and piping system.
B. variation of beam solar intensity and efficiency with
time for tube steel absorber in 27nd December 2013.

gradually with time and reaches its maximum 82(T1),
83(T2), 83(T3), 84oC(T4) at 1:30 PM consecutively.
After that temperature starts to decreases gradually due
to losses from tanker and piping system.
B. Variation of beam solar intensity and efficiency with
time for tube steel absorber in 28nd December 2013.

Figure 10: Variation of Efficiency of Parabolic Trough Collector and Beam Solar Intensity with Time.

This graph shows that the efficiency increases as
time increases till 8:30 AM and after that, it is up
and down till 10:00 PM and decreases continuously

Figure 8: Variation of Efficiency of Parabolic Trough Collector and
Beam solar Intensity with Time.

This graph shows that instantaneous efficiency increases as time increases till 8:30 AM and after that
it decreases till 4:00 PM. The maximum efficiency is
obtained at 8:30 AM and its value is 18.9%. The
minimum efficiency obtained at 10:00 PM and its value
is 9.4%.
A. Variation of solar intensity and temperature with time
for tube steel absorber in 28nd December 2013.
The collector was exposed to solar radiation and experimental data was recorded after regular intervals of day
time (8:00 AM to 10:00 PM)

till 4:00 PM. The maximum efficiency obtained at 8:30
AM and its value is 17.8%. The minimum efficiency
obtained at 10:00 PM and its value is 10.6%.
A. Variation of solar intensity and temperature with
time for cavity steel absorber in 29nd December
2013.

Figure 9: Variation of Temperature and Beam Solar
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The collector was exposed to solar radiation and
experimental data was recorded after regular intervals of
day time (8:00 AM to 10:00 PM)
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Figure 13: Variation of Temperature and Beam
Solar Intensity with Time

Figure 11: Variation of Temperature and Beam
Solar Intensity with Time.

This graph shows that at the Bottom (T1), middle (T2),
average (T3) and top (T4) temperature of water of the
tanker is minimum 18oC at 8:00AM which increases
gradually with time and reaches its maximum 85(T1),

tanker is minimum 18oC at 8:00AM which increases
gradually with time and reaches its maximum 88(T1),89
(T2), 89(T3), 90oC(T4) at 1:30 PM consecutively. After
that temperature starts to decreases gradually due to
losses from tanker and piping system.

86(T2), 85.5(T3), 88oC(T4) at 1:30 PM consecutively.
After that temperature starts to decreases gradually due
to losses from tanker and piping system.

This graph shows that at the Bottom(T1), middle (T2),
average (T3)and top (T4)temperature of water in the

B. Variation of beam solar intensity and efficiency with
time using cavity steel absorber in 29nd December 2013.

Figure 12: Variation of Efficiency of Parabolic Trough Collector and
Beam Solar Intensity with Time

This graph shows that the efficiency increases as
time increases till 10:30 AM and after that decreases

till 10:00 PM. The maximum efficiency obtained at
10:30 AM and its value is 25.2%. The minimum efficiency obtained at 10:00 PM and its value is 11.2%.
A. Variation of solar intensity and temperature with time
for cavity steel absorber in 30nd December 2013.

B. Variation of beam solar intensity and efficiency with
time using cavity steel absorber in 30nd December 2013.
Figure 14: Variation of Efficiency of Parabolic Trough Collector
and Beam Solar Intensity with Time.

This graph shows that the efficiency increases as time
increases till 10:30 AM and after that it up and down
till 11:30 AM After that it starts to decreases gradually.
The maximum efficiency is obtained at 10:30 AM and
its value is 25.6%. The minimum efficiency obtained at

10:00 PM and its value is 10.3%.

XI. CONCLUSIONS

The basic flat plat solar collectors and evacuated glass
tube collectors are commonly used for water heating. In
many case, parabolic through solar collectors are used
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for power generations. However, they may be used for
domestic water heating too.
In this paper, two types of experiments have been conducted: with cavity receiver and steel tube. A reflector
used in cars was used to cover the trough. The maximum temperature of water at the bottom, middle, top of
the tanker with cavity receiver were 86.5, 87.5,89 oC
respectively. The solar efficiency was 25.6%. This temperature was higher as compared to the experimental
results for circular steel tube absorber. For circular steel
pipe absorber maximum temperature at the bottom, middle, top of the tanker were 80.5, 81.5, 83.5oC respectively. The maximum efficiency was 18.9%.
As a conclusion, parabolic trough collectors can be used
for water heating and their performance can significantly be improved if the simple circular receivers are replaced by cavity tube receiver.
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Improving the method of harvesting RENEWABLE ENERGY for agriculture, livestock, recreational and residential application in Ethiopia,
(P.V. based Water pumps are in focus)
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Abstract - Solar energy is a part of renewable energy sources which is cost-free and clean energy where by environment impact are
negligible. Photovoltaic (P.V) is one of the suitable renewable energies able to replace conventional energy supply.
This study addresses developments in the field of solar energy technologies in Ethiopia. It traces its evolution, the need to upgrade and its
current state of affairs in terms of various initiatives being undertaken to realize significant transformation in the area of life saving P.V and
solar collector development especially for health care and the agricultural sector.
The main aim of this study is, therefore, to contribute to a better understanding of the potential impact and of the limitations of P.V systems and
solar collector on sustainable agriculture and rural development with special attention, to the effect on income-generating activities and social welfare. The objective of this research paper is focused on the exploration of the current status and to point out the under developed utilization of
solar energy technologies that confront most of today’s rural people’s needs.
Ethiopia is a densely inhabited country in a state of gradual development. Even though intensity of solar radiation in the country is very high
throughout the year, people are still facing energy based problems. This paper explores the benefits of incorporating photovoltaic (P.V.) panels
and solar collector into health care and agricultural productivity. The main thrust of this work is to examine the situation and to indicate the
promising future of P.V. and solar thermal application to obtain the best economic benefit.
The findings from this study can be applied to other remote locations where fossil fuels are not readily available. It can be learned
from other countries’ experiences that, photovoltaic (P.V) modules have dramatically decreased in price in the past few years, spurring
the expansion of P.V. deployment. Residential and commercial rooftop installations are connected to the distribution network; large-scale
installation P.V. power plants have benefited from tax incentives and the low cost of P.V. module.
This paper describes how green technology can change mechanical engineering conventional methods and what things can green technology do with mechanical engineering . The paper also strives to show the promising future of solar technology in different small scale
applications.
In addition to this, it will be describing the major role of Mechanical Engineers in these fields and disciplines. Mechanical engineering
discipline encompasses many areas essential to everyday life; from the design, manufacture and testing of products through to their development , marketing, maintenance and servicing. As the people that undertake this innovative and creative role, mechanical engineers
are in demand throughout the world. They take advantage of the latest technology, materials and thinking to improve and develop innovative products based on performance, safety.
The work of mechanical engineers spans into a number of different fields and disciplines, with a great deal of the emphasis being on
the creation, design, construction, and installation of many of the mechanical devices that make modern life so comfortable. A fully trained
engineer can practice his or her vocation in a number of settings, and provide a wide range of services.
One of the more common roles of a mechanical engineer has to do with the design and construction of public buildings. Engineers
address a number of aspects that affect the function of a building, such as the heating, cooling, and ventilation systems. They will ensure that the placement of equipment, the routing of ductwork, and the placing of vents throughout the space will ensure that the occupants of the building will enjoy a comfortable temperature at all times. In some cases, an engineer may design special systems that
work in building designs that are different from the norm.
Product development is also an area that requires the talents of this type of engineer. In some cases, he or she may be called upon to refine an existing product, such as an automobile or household kitchen appliance. As part of this job, the engineer may seek to improve the product so that it —
or the process used to make it — is more efficient, which might reduce the cost to the consumer. Engineering of this type has proven
very profitable in the advance of communications methods and devices over the last several decades, resulting in a number of household
products becoming more affordable.
Mechanical engineering also comes into play with product development that creates something new, such as new concepts for space exploration.
Some of the most important technological innovations of the last century were directly attributed to
people whose creativity and vision
often helped to make the impossible become a reality within a short number of years.
As technology in a number of industries becomes more complicated, the talents of a competent mechanical engineer have also increased in
demand. As a result, colleges and universities offer comprehensive courses of study that are geared toward training engineers who will be
able to meet the growing demand
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1- Introduction

lent choice for powering remote water pumping.

Solar energy is a part of renewable energy sources
which is cost-free and clean energy whereby environment impact is negligible. Photovoltaic (P.V) is one of
the suitable renewable energies to replace conventional
energy supply. Solar water pumps are devices made to
pump small amounts of water using the energy of the
sun. Solar pumps offer clean and simple alternative to
fuel-burning generators and wind mills. They require no
fuel deliveries and very little maintenance.

The primary focus of this paper is to study the existing
gap related to the best technologies to access clean water for communities. The vulnerability of rural people to
shortage of clean drinking water puts Ethiopia at a low
level of water and sanitation coverage.

There are many uses for a solar powered pump including: Swimming pools, fountains or streams farm water
(small pumps to carry water from nearby lakes or water
holes for cattle), home pump. Solar water pumps can be
used to pump up to the depth of 70-100 meters and can
also be used for small scale irrigation up to a distance of
700 meter.
In Ethiopia and in other developing countries, solar water pumping technologies have a limited application.
The main reason for this fact might be related to the absence of cheap and appropriate pumps, which could be
used for uplifting ground water. In order to exploit convenient ground water resource for small scale irrigation
and drinking water, the cost of pumps must be within
the reach of rural communities.
The reliability and economy of solar electric power
make it an excellent choice for powering remote water
pumping. Cattle ranchers all over the world are enthusiastic solar pump users. Their water sources are often
spread over many miles of rangeland where utility power is not accessible and where refueling and maintenance costs are high for generator use. If your water
source is more than 1/3 mile from utility power, solar is
a favorable economic choice.
The main aim of this study is therefore to contribute a
better understanding of the potential impact of solar water pump on sustainable agriculture and rural development. The thrust of this work is to examine the situation
and indicate the promising future of solar water pump.
The findings from this study could be important input
for those who are interested to apply solar water pump
technology to different remote locations where burning
fuels are not readily available.

2- Back ground and justifications
The high cost of developing potable water sources hampers many rural people from access to clean, safe water
supplies. Increasing access to improved water supply for
rural communities will require serious consideration as
regards relatively lower cost and a more appropriate
alternative to the existing supply options. The reliability
and economy of solar electric power make it an excel-

Water also represents a major constraint on agricultural
productivity. This work may contribute an important
clue to small scale irrigation which will enable rural
people not to depend on rain fed agriculture only. Improving small holder farmers’ agricultural productivity
and access to water can increase their income, improve
food security and provide water for livestock and domestic needs. One solution for reliability and affordable
access to ground water resources are solar water pumps.
This study may also lead to dramatic improvement in
hygiene, virtually eliminating water borne diseases and
making it possible for people who spend time and energy looking for water.

3- Objective
- To Study the gaps and reasons for Solar water
pump in selected areas
- To Popularize solar water pumps in different parts
of Ethiopia
- To Teach and demonstrate the building methods
and working principles of solar water pumps.
- To Encourage Mechanical Engineers to participate
more in Renewable Energy Technologies

4- Methodology
The paper will describe and demonstrate how a solar
water pump can be easily built. The working principles
and limitations of this technology will be briefly analyzed. This section shows solar water pump units and
presents its fundamental working principles and the analytical procedure used to simulate its performance.
Solar pumps come in two major varieties. Surface
pumps include pressure, delivery, and booster pumps.
Delivery pumps move water from one location to another. Some pumps handle high water pressures but most
are intended for moving large volumes of water at low
pressures. An example of this type of pumping would be
on a farm where water needs to be moved from a cistern
or lake to water tanks on the farm. Another typical application of a delivery pump is supplying water to an
RV or camping trailer.
Submersible pumps are primarily used for well pumping. Such pumps fit inside the well casing in a drilled
hole. Some older wells drilled for windmills are less
than 4″ (usually 2.25″), and solar submersible pumps
will not fit. It is important to remember that the deeper
the well, the more expensive the pumping system will
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be.
The largest solar pumps currently available are 1/4 to 2
HP. Solar powered well pumps are not suited for pumping large amounts of water. Field irrigation is more efficient and less expensive if you have AC power available.
A solar module can be mounted almost anywhere, If we
are planning to use solar pumping on a farm or ranch,
the modules and pump controller should be mounted on
a raised pole in order to remain above snow drifts and
out of range from animals. Animals can cause significant damage if the pump or any of its components are
mounted too low and in a place accessible to the animals.
How Does Solar Water Pumping Work?
A solar-powered water pumping system is composed of
several PV (photovoltaic) panels. Solar cells are the
building blocks of solar panels. Each solar cell has two
or more specially prepared layers of semi-conducting
material (generally silicon) that produce direct current
(DC) electricity when exposed to sunlight. The DC current is collected through the wiring in the panel. The
current is used to supply a DC pump which pumps water whenever the sun shines, or the current is stored in
batteries (for a battery-coupled pumping system) for
later use by the pump.

5- Result (expected output)
- With this pump we can attain down to 70-100 meter depth
- The average yield could be 1 lt/sec, which is 3600
lt/hour
- The pump could eject with a pressure minimum
up to 10 bars which means that it can elevate water up to 100 meter high
- With this pressure, water can be conveyed horizontally as far as 2 km

6- Discussion
Solar pumps come in two major varieties. Surface
pumps include pressure, delivery, and booster pumps.
Delivery pumps move water from one location to another. Some pumps handle high water pressures but most
are intended for moving large volumes of water at low
pressures. An example of this type of pumping would be
on a farm where water needs to be moved from a cistern
or lake to water tanks on the farm. Another typical application of a delivery pump is supplying water to an
RV or camping trailer.
Any renewable energy source can generate the electricity one needs to power appliances, including
pumps. Solar electric cells convert sunlight into DC
electricity that can be routed directly to DC appliances,
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or can be stored in batteries for use when the sun is not
shining, or can be inverted into AC electricity to power
AC appliances.
Solar well pumping generally refers to the use of sunlight to power pumps, while the sun is shining. These
are simple systems that do not incorporate batteries for
storing electricity. In essence, the water tank or cistern
acts as storage. If you can pump water fast enough and
your cistern is big enough, then you do not need to
pump during the night or during cloudy days. Batteries
are generally not necessary in remote water pumping
situations, as long as your system is sized properly and
you have enough water flow from the water source.
6.1) Is solar water pumping economically feasible?
The reliability and economy of solar electric power
make it an excellent choice for powering remote water
pumping.
Cattle ranchers all over the world are enthusiastic solar
pump users. Their water sources are often spread over
many miles of rangeland where utility power is not accessible and where refueling and maintenance costs are
high for generator use. If your water source is more
than 1/3 mile from utility power, solar is a favorable
economic choice.
6.2) Where do solar pumping systems work?
Solar panels should be located in a sunny spot where no
shading occurs. Altitude is not a factor, but height off
the ground will affect whether or not you are able to
keep them clear of snow. Panels should be angled optimally for solar gain, particularly during the shorter winter days. The solar panels should be tilted up from horizontal to get a better angle of the sun and to help shed
rain and snow. For best year round power output, with
the least amount of maintenance, you should face the
solar panel(s) towards the south at a tilt angle equal to
your latitude with respect to the horizontal position.
Most rural areas are facing load shading problems of
electricity. Uncertainty in electricity supply, affect
mostly agriculture. Solar pump provides the best solution to irrigate a field. Solar pump consists of a PV array, motor, pump, optional power conditioning equipment and batteries. Two of the most economical application of PV solar pump is for irrigation and drinking
water supply which can replace the DG set at farm.
Solar Well Water Pumps which are highly efficient,
low voltage, DC powered, diaphragm type positive displacement pumps designed specifically for water delivery in remote locations. They operate on 30 volts using
80 Watt solar panels. The system will pump on average
about 700 gallons per day at 100 feet of TDH.
The advantage of this solar powered water pump is that

Ethiopian Society of Mechanical Engineers (ESME)

- 25 -

Journal of the 19th Annual Conference
it will pump water at the rate of about 2 gallons per minute for about 8 hours during the day when the sun is
shining on the solar panels and pump water into an
above ground water storage tank. These pumps can be
installed below the water level in a pond, river or cistern, or installed by hand into a ground water well. They
can be used to fill an open tank or in pressurized water
delivery systems. Simplicity is the key feature of these
pumps. They are easy to install, require very little
maintenance and are repairable.
6.3) Typical solar water pump applications
 drinking water supply
 livestock watering
 pond management
 irrigation
 irrigation (lift and pressurized)
 livestock (deep wells, pipeline transfer, pond
and stream protection)
 aquaculture (transfer, circulation, aeration,
de-icing)
 home and village supply
 medical clinics
 camp sites, vacation cabins
Water purification and treatment systems
Solar Water Surface Pump
1. Villages, schools, hospitals, single-family houses
etc.
2. Farms -irrigation of fields and greenhouses
3. Game parks -watering and fountain applications
4. Sprinkler and drip Irrigation systems
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To popularize solar pumps, pilot demonstration followed by training and workshop should be intensified.
It can be seen that solar water pump will operate well
and easily in any remote area without constant electric
grid connection.
Depending on the application, a solar pumping system
may use a water storage tank, which can act as “Water
Battery “during cloudy weather.
It is the most economical option. Factoring in ALL
costs, such as installation, fuel, maintenance and waste,
solar water pumping is often less expensive than generators, windmills, and running electrical lines.
8) REFERENCES
1 “Wisegeek, 2011, “What is Solar Energy?”, U.S.

2. Philibert, Cédric, 2005. "The Present and Future use of
Solar Thermal Energy as a Primary Source of Energy".
IEA. Archived from the original on 2011-12-12.
3. “JC-solarhomes.com” – 2010. “Solar Energy Facts”,
U.S.A.
4. “Tioga Energy”, 2011. “Efficiency of Solar Energy”, 7.
“sroeco”, 2011. “Most efficient
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7) Conclusions and Recommendations
Solar technology –It is here to stay
Important conclusions
Solar water pump

Experience over the past decades has shown that in spite
of the high potential of solar based pumps it has not taken off;-due to many reasons such as- Systematic work on solar pumps has been done only in
a few countries
- Solar pumps have not been developed as a system in
most developing countries like Ethiopia.
In industrialized countries, there is great interest in Solar based pumps. However, neither the temperature nor
the heat requirements can be achieved. Solar Pumps are
to be considered more applicable in tropical and subtropical countries.
Solar pumps should be disseminated to medium and low
scale farmers for cash crops and for other applications.
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Abstract — The focus of this project is the design and manufacture of a cross flow turbine which could be used for the
purpose of generating electricity, powering grinders, pumps etc. which can be made from locally available materials
with affordable price for the people who live in rural areas of the world. The methods we used in designing the cross
flow turbine were: review of other literatures and researches related to this cross flow turbine and selection of the basic
geometrical recommendations like angle of attack of the jet, number of blades, runner length, and nozzle profile recommendations; then strength analysis was done for the blades and the shafts as recommended by many literature to
finally come up with a number that is feasible. Finally, before going to production, we generated a 3D model using Solid Works 2013 and checked the velocity field of the turbine using Solid Works flow simulations. In the manufacturing
process, the material we used was fiber glass and have tried to simplify the assembly and maintenance as much as possible. The procedure we generally used for the construction of this cross flow turbine we designed was; we first made
molds for the blades, house plates, side plates for the runner and the nozzle parts using sheet metal of 1mm thickness,
and then we prepared the fiberglass using the prepared molds to finally machine the prepared fiberglass and assemble
them to come up with the final structure of each component and look of the cross flow turbine.
Key words- Composite Material, Cross Flow Turbines, Flow simulation

1. Introduction

used as often.

Energy is one of the crucial inputs for socio-economic
development. The rate at which energy is being consumed by a nation often reflects the level of prosperity
that it could achieve. Ethiopia is one of those countries
who have the lowest per capita energy consumption in
the world. In recent years , total energy consumption of
the country has increased along with economic and population growth and; at the same time, various environmental problems associated with human activities have
become increasingly serious.

Given the above mentioned statistics and the country’s
great economic dependence on agricultural products, it
is imperative to work on improving the energy utilization of the agricultural sector. The modern energy
sources currently being used are being produced in large
scale. This large scale production of power is only accessible by a small portion of the population of the
country. If Ethiopia is to use most of the potentials it has
and to allow all people access to this modern energy,
working on small energy production systems is crucial.
And it is the aim of this thesis work to help build cost
effective micro hydro cross flow turbines for an efficient
extraction of the locally available hydropower.

Ethiopia greatly relies on the agricultural sector as the
main source of its economy. Recent statics shows that
agricultural products account for 50% of the gross domestic product, 90% of the country’s export and yet
85% of the activities in the agricultural sector depend on
traditional energy consumption methods with all the side
effect [28]. The total energy consumption in Ethiopia is
around 723 peta joules and about 77% of it came from
fuel wood and 16% from agricultural residues and dung.
This statics show that more cleaner and modern sources
of energy like petroleum and electricity are not being
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of the blades.

2. Design results

 In the determination of the

Summary of geometrical parameters of the turbine

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Parameter

value

unit

Design Flow Rate (Q)
Design Net Head (H)
Theoretical Power
Water Jet Angle of Attack (α)
Theoretical Turbine Efficiency (η)
Assumed efficiency
Blade Inlet Angle (β1)
Blade exit Angle (β2)
Number of Blades (n)
Rim Diameter Ratio (D2/D1)
Blade Curvature Radius (ρ)
Turbine Nozzle Velocity Coefficient (Range 0.95-1.0)
Blade Thickness (t)
central angle ( δ )
Runner Diameter (D1)
Rim Inside Diameter (D2)
Rim Width (a)
Water Jet Velocity
Design Turbine Speed (N)
Specific Speed
Expected Turbine Shaft Torque (T)
Rim Entrance Channel Thickness (S1)
The nozzle initial height (S0)
Runner Length (L)
Runner Aspect Ratio (L/D1)
Turbine Runaway Speed
Speed Ratio (Range 0.42-0.50)
Water Jet Central Angle (BOC)
Water Jet Thickness Inside Runner (Y)
Water Jet Distance from Shaft (Y1)
Water Jet Distance from Inner Rim (Y2)

0.2
4
5.494
22
81.73
70
38.94
90
30
0.68
53
0.98
3
61.4
310
210
49
8.634
250
103.6
342.04
17.17
90
255
1.683
0.46
114.44
83.91
33.56
14.46

M3/s
m
kw
°
%
%
°
°

3. Software simulations
In the blade strength simulation, the loading condition is
set to be a distributed pressure over the area of the
blade. The resultant of this distributed load is a force per
unit length of the blade whose line application is assumed to be perpendicular to a line from the center of
the base plate and along the blade length.
3.1. Blade and shaft strength analysis
For the blade strength analysis, the basic assumptions
were
 The blades are treated as uniform beams of con-

stant cross section, fixed at both ends.

 The hydraulic force of the water jet is treated as a

uniformly distributed centric load along the length

size of the shaft, it should
accommodate, the bearing,
torque transmitting element
like the pulley for our case
and finally it should have a
diameter that is strong
enough to withstand fatigue,
stresses.

Figure 1: Blade simulation

After using the recommendation of

mm
mm
°
mm
mm
mm
m/s
rpm
rpm
Nm
mm
mm
mm
rpm
°
mm
mm
mm

Adam Harvey, for shafts of turbines
we found the minimum diameter
required to be 30mm.
The material properties for the
blades (fiber glass) were taken from
Calister [30] and entered as a new
material for the properties were not
in the Solid Works library; the material we used for the shaft was
steel.
The basic assumptions were

 The blades are fixed to the base plates
 The load is distributed evenly by the internal

face of the blade

 To find the von messes stress distribution as

follows

 Von messes stress distribution diagram

3.2. Flow simulation
Flow simulation of the turbine is conducted in order to
find the maximum velocity of the water jet and is done
after having the model of the turbine assembled. Two
parts, the inlet and exhaust of the turbine, are first identified. The amount of flow rate intended to pass through
the turbine is entered and the pressure at the inlet and
exhaust are determined. Then the simulation was run
and the following report was generated.
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The result found was plotted as follows

Figure 2: Velocity field diagram from Software simulations
using solid works
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design shape and dimensions. They are grinded and cut
with a hacksaw. To produce a smooth surface at the inlet and exit of the water jet the edges of the blades are
grinded.
For the impeller, the other part to be manufactured is the
base plate. The manufacturing technique adopted is the
same. For the base plates, reinforcement is added for
shaft connection. The shaft is to be bolted to these components and therefore the reinforcement is a metal component with welded nuts on a plate which, during assembling, are used to fix the shaft in position.
Figure 3: Blade manufacturing process (Fiber casting)

The impeller has thirty blades and two side base plates.
The blades are to be fixed in these base plates having
equal spacing. The blades and base plates were fixed in
position using a profile having a slot for the blades

4. Manufacturing steps
Fiberglass is a composite consisting of glass fibers, either continuous or discontinuous, contained within a
polymer matrix. Fiber diameters normally range between 3 and 20 micro meters. Many fiberglass applications are familiar: automotive and marine bodies, plastic
pipes, storage containers, and industrial floorings. The
transportation industries are utilizing increasing
amounts of glass fiber-reinforced plastics in an effort to
decrease vehicle weight and boost fuel efficiencies. A
host of new applications are being used or currently investigated by the automotive industry.
4.1. Impeller manufacturing
The manufacturing of the impeller using open molding
technique. The blades of the impeller were first cast on
the blade mold which was rolled in to blade radius from
scrap sheet metal. The fiber was then cut using a scissor
by size and the resin mixed with the catalyst which
helps in drying the matrix fast. Then to get a blade
thickness of four millimeter we used three layers of fiber.
4.2. Blade manufacturing, casting
The blades are then separated from the mold after the
cast has dried. It takes about half a day for the matrix to
dry given the amount of catalyst is small. If the catalyst
added is in larger quantity the matrix gets heated up and
eventually burns the fiber but the matrix dries fast.
The cast blades are then machined to get them in to the

made out of cartoon. The profile was first drawn on the
cartoon and the slots were cut out of the cartoon using a
paper cutter. Two of these profiles were prepared to
help fix the blades in position. After having fixed the
blades in position on the first base plate a matrix was
poured in using syringe right at the edges if contact of
the blades and the base plate. After this matrix has dried
the cartoon was removed and the second base plate attached. To help strengthen the connection between the
base plate and the blades a layer of fiber is reinforced at
the connections` edges of the blade.
Figure 3: Impeller assembly

4.3. Shaft Manufacturing
The shaft of the cross flow turbine is manufactured from
a steel bar. It is manufactured by using turning process
by the lath machine. First, the shaft is cut out of a steel
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bar using the power hacksaw to an appropriate length.
The shaft is then faced and turned to bring about the
diameters set by the design. The shaft is then welded to
a plate having three bores for the fixture of the shaft on
to the impeller.
Figure 4:

40mm

Shaft manufacturing

4.4. Housing Manufacturing
The housing of the turbine is made using the same procedure used for the production of the impeller. First, the
mold is made out of sheet metal, then casting of fiberglass follows using the mold after castings of parts of

Figure 5: Upper housing

4.5. Assembling

the housing are dried and separated from the mold. The
parts are machined to dimensions and assembled to give
the final shape. Two housings are to be manufactured
the upper housing and the base housing.

The assembly of the turbine starts with the bearings being press fitted to the shafts. After the bearings are fitted
to the shafts, the shafts are bolted to the impeller and
adjusted accordingly so as eccentricity of the impeller is
avoided. Bolting of the shaft impeller assembly to the
base housing follows next. After the base housing and
the impeller shaft assembly are bolted together, the upper housing is bolted to the base housing to finalize the
assembly process.

The base housing is the component where the assembled
impeller is bolted to. The entire load from the water jet
will be loaded to this component. The upper housing
will also be mounted on this component.
Figure 4: Housing base
The upper house including the nozzle was manufactured by
assembling five different casted features to bring about the
final shape. The nozzle, the nozzle guide, two side surfaces
and one front cover. They were all cast independently and
attached together.
Figure 5: Manufactured cross flow turbine
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5. Conclusion
To summarize the results we have found in terms of the
goals we have set that is, making the cross flow turbine
affordable, easily maintainable and constructing it from
locally available materials has been successful. The fact
that we have used E fiber glass material, has simplified
the production process, the cost, the assembly is also
simple because the housing material is of light weight
and not many meshing parts. To conclude, the only
thing we cannot say is about the performance of the turbine because that can only be known after tests which is
beyond the scope of this paper.
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Certified to ISO 9001:2008 (QMS)

Standard: is a technical document established by consensus and approved by a recognized body, That provide rules guidelines for common and repeated use in the production of materials and relative activities including service.

Standardization: is the process of developing standards by agreeing on the technical content, issuing and implementing

the standards.
Ethiopian Standards Agency coordinates activities of National Standardization System by engaging technical committees that are
drawn from relevant stakeholders, governmental and nongovernmental organizations, private institutes, academia, researchers,
business and professional associations. For Example: Ethiopian Society of Electrical Engineers, Ethiopian society of Mechanical
Engineer and other public wings are such a key stakeholders in developing standards under electromechanical division.
Electromechanical standard development division focuses on the development of standards electrical and mechanically operated
equipments and systems, so far about 443 product standards have been developed under 15 Technical Committees operating in this
field of standardization.
 The scope of standardization in this division lies on developing standards on
 Electrical Materials and conductors
● Electrical accessories and components
 Electrical installations and engineering
● Electrical components and telecommunication equipments
 Conducts and connecting device
● Wire and cable
 Ferrous and non ferrous metals
● Screw, wheel. Nuts ,studs fasteners
 Solar energy equipments
● Mechanical system and components
The development of standards for products ,materials and services has to be based on the consolidated results of science and technology with the aim of fitness for purpose /quality ,safety ,compatibility (interoperability /interchangeability) –variety control,
trade facilitation, mental protection and economic way of resource utilization –easy way of technology transfer.
The benefit of standards:
 Standards have the following advantages when implemented properly
 Manufacturing of materials conforming to the desired quality and safety.
 Assurance of the quality of purchased Electrical and mechanically operated equipments.
 Smoothing of communication among the market actors.
 Convenience for settling disputes, with suppliers regarding electrical and mechanical goods/products if any.
 Provision of starting point for research and development for practical application and further improvement /
innovation in technology transfer
 Prevent the dumping of substandard electrical and electronic equipments in the market.
 Protect Consumers from deceptive market practice
Ethiopia Standards are the national standards of the country.
Now a days ,most of the Ethiopian standards have been harmonized with those International Standards publish by the International
Organization for Standardization (ISO) and the International Electro technical Commission (IEC)
ESA, the national standard body (NSB) for Ethiopia is member of these International Standards representing the country.
There are two categories of Ethiopian Standards, namely, Voluntary Standard and Mandatory standard.
The voluntary standard is represented by ES XXXX and the Mandatory one is represented by CES XXXX.
ES and CES stands for Ethiopian standard and Compulsory Ethiopian Standard respectively, where as the XXXX represents the
designation number of the standard .
The national standard mark displayed on a product or certificate of a license indicates that the product has been proved to conform
with its standard.
Generally Standards play a crucial role in order to achieve the national development objectives of the country and would under-pin
its sustainable development goals, there for participation of stakeholders is vitally important for the successful development and
implementation of standards.
For further information consult ESA website: www.ethiostandards.org
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Mass production of Tikikil house hold stove for
green technology advancement
by Fitsum Tadesse (Mechanical Engineer)
Member of Midroc Ethiopia fitsumtadesse4@gmail.com
ABSTRACT:- Now a days, due to the energy and global warming crisis, the World is looking into green and renewable
sources like solar, wind, biomass, geothermal and etc…. In spite of technology limitation, they are the best choices of
energy source for developing countries like Ethiopia. Though these technologies are very crucial in the energy sector
their adoption to our country’s condition faces a problem.
Rocket stoves technology is an efficient cooking stove using small diameter wood fuel which is burned in a simple hightemperature combustion chamber containing a vertical chimney and a secondary air supply which ensures almost complete combustion prior to the flames reaching the cooking surface for better utilization of biomass fuel and lower emission.
This paper aims to facilitate mass production of the Tikikil household stove. Even though the Tikikil house hold stove is
adopted and designed to suit the conditions in Ethiopia by GIZ Ethiopia but there is a major challenge in the production
of this product. The goal of this paper is therefore changing the traditional way of production to modern manufacturing
technologies. Although this paper focuses on the die design, the entire production process is considered to improve manufacturing efficiency and productivity for high speed high volume production.
[

The proper application of this manufacturing design would have a capacity to produce 500-800 products per day which is
substantial increase in average production capacity of 100-120 per day of the current traditional production centers.
The entire document focus is to design sheet metal bending dies for better mass production and a standard product which
make the stoves abundantly available on the market at the reduced unit price of 108.00 Birr by using the idea of modern
manufacturing to avoid processes which don’t add any value to the product but only raise the current price to be 200.00
Birr.

depend primarily on biomass fuels such as wood, charcoal and agricultural residues. Overuse of these fuels
depletes resources and degrades local environments,
multiplies the time needed to collect fuel, and creates
indoor air pollution that threatens the well-being of the
most vulnerable members of households
Rocket stoves technology is an efficient cooking stove
using small diameter wood fuel which is burned in a
simple high-temperature combustion chamber containing a vertical chimney and a secondary air supply which
ensures almost complete combustion prior to the flames
reaching the cooking surface for better utilization of biomass fuel and lower emission.

1.1.2. Tikikil household rocket stove
INTRODUCTION
1.1. GENERAL BACKGROUND
1.1.1. Overview of rocket stoves
Technical advances in energy efficiency are critical for
developing countries like Ethiopia whose populations

Tikikil stove is basically a rocket stove but adopted
to suit the conditions in most Ethiopian households
and local production techniques; and hence named
“Tikikil” meaning “Appropriate”. The design parameters consider households’ pot sizes, affordability, ease
of production and use of locally available raw materials and skills. It is designed to accommodate pot sizes
of 25 cm (and smaller) in diameter. “Tikikil” is
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intended to replace the most inefficient but widely
used traditional three-stone stove (Open Fire).
Tikikil household stove has a very great role in improved energy usage providing efficient cooking, saving 50% of the fire wood lost in open three stone combustion and 28% Thermal efficiency has been obtained.
Despite their great role in the energy sector to save energy loss and to minimize high volume deforestation used
to feed the inefficient three stone stoves, the traditional
way of production used to manufacture this stove has
limited their availability in the market, variability of
products and made their cost high.

March, 2015
The stove has two main parts which include the ceramic
liner and the metal part. The metal part consists of the
sheet metal cladding and the wood support.
Figure.1. Different components of the stove

2.

Considering the findings of the visits to different currently available production centers of Tikikil, I have
developed an optimized process plan, plant layout, cost
estimation and bending die channel design for cost effective, high volume, high speed quality product.
The proper application of this manufacturing design
would have a capacity to produce 500-800 products per
day which is a substantial increase in average production compared to the capacity of 70-120 per day of the
current traditional production centers. This makes the
stoves abundantly available on the market, with a reduced unit price of 108.00 Birr by using the idea of
modern manufacturing while the price of the traditionally made one was 300.00 Birr.

1.2. Market and production trend of Tikikil
household rocket stove
1.2.1. Current market trend of Tikikil
Based upon the market analysis done by Accenture Development Partnerships, there is a very high demand,
i.e. 9.4 million stoves in the coming 5 years. Tikikil
stove is a relatively new product and has yet to be distributed on a large scale.

1.3. Objective of the paper

Process planning
2.1. Introduction
Process planning can be defined as the systematic determination of the methods by which a detailed work instruction is prepared to manufacture a product in an economical and competitive way. Thoroughly planned process enables the product to meet the design specifications, enhance cost-effective production, enable on-time
product completion and delivery, and ensures product’s
quality assurance. Process planning could be presented
like a balance between producing a part that meets functional requirements, minimal production time and minimal production cost.

2.2 Process plan for the product
The stove has two main parts which include the ceramic
liner and the metal part. The metal part consists of the
sheet metal cladding and the wood support which have
the crown and the bottom part of the stove.

2.2.1. Drawing interpretation

1.3.1. Main Objective
The main objective of this paper is to design dies that
facilitate high volume, high speed mass production.

1.3.2. Specific Objectives
 To study the design specifications and if neces-

sary to modify the current product design for cost
effective production
 Process plan for the designed product including
design for modern way of manufacturing
 Die design for various bending operations

1.3.3. Components of the stove

FigAssemdrawing

ure.2.
bly
of Tikikil household stove
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Table 1.General operation table with figures
10

Cutting operation
The first step is to mark using the
primarily developed part
The sett proper clearance on the
machine to be 0.27 according to the
proper clearance calculation
Then, exactly position the marked
stock size sheet metal on
the shearer bed correctly,
then cut the required shape

Sheet
metal
cutting
machine

A 4 blanks for pot stabi- A blank for handle
lizer per each stove

B blank for leg
B 3 blanks for pot support per each stove

C one blank for top cone
C blank for the body cylinder
plate

D blank sheet metal cut
for connector

E starting blank for skirt
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D blank for wood shelf
3, 10 cm bars of thickness 6mm
2 ,36cm bar of thickness 6 mm
9, 14 cm bar of thickness 6 mm
2, 3.7 cm bar thickness 6mm
2,7.7cm bar thickness 6mm
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Bending

Bending channel

March, 2015
Pot stabilizer

Handle

Pos support

Legs

Blanking inner circle of
top plate 153 mm

Blank (110x110) combustion
chamber inlet

Position starting exactly
on the bending dies according to the guide
provided on them, then
apply bending force
required on the handle
to bend the sheet to the
required shape

30

Blanking

Blanking machine

Position the starting
blank correctly on the
machine bed, set the
clearance 0.27

40

Rolling
Manual Rolling machine
Use the manual roller to
roll the

Roll connector and skirt

Roll cylinder

50

Joining

Weld connector skirt
Weld pot support to
the tope cone plate
Weld connector to
the top cone plate
Weld pot stabilizer
to the skirt

Weld cylinder
Weld bottom plate to the cylinder
Weld the leg to the leg to cylinder
Weld handle to the cylinder

use the spot welding
for all sheet metal
joints except for
the shelf

60

Welding

Spot welding
Specifications
Electrode
face diameter 0.19 in
Static electrode
force 3260ibs
Welding current 7 kA
Arc welding
Manual metal Arc welding
Set welding current 150
A and run length of 175 mm
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70 Order of assembly of stove parts

Assemble the product

1. Connect pot supports to the cone/ top plate
2. Attach pot stabilizers to the pot skirt
3. Connect the skirt to the cone/top plate
4. Attach the connector to the cone (this forms the crown)
5. Close the bottom of the stove body with the circular plate
6. Attach the legs to the stove body/metal cylinder
7. Attach the handles to the stove body
8. Connect the crown of the stove to the stove body

CHAPTER THREE
3. JIGS AND FIXURE DESIGN FOR
DIFFERENT PARTS
3.1. Jigs and fixture design for the pot
support (rest)
Every jig and fixture design starts from detailed part
geometry
Figure 3 Geometry of the Punch and Die for the pot support

K = location of neutral axis from bottom surface
Where k=0.33 when R<2t and , K=0.5
when R>2t
Bend radius R=0.5t for soft materials
R=t for other material=3t spring materials
Therefore we can calculate the bending allowance
as follows
B=α(R+Kt) where α=90, t=0.4,R=0.5t=0.2 since galvanized steel sheet is soft material regarding formability.
B=90*2π/360(0.2+0.33(0.4) =0.52mm for one bending
edge there are four equivalent bending edges Total
bending allowance is 4*0.52=2.08mm

Figure.5.
Dimension of the die for the pot support

3.1.1 GEOMETRY OF THE DIE
Bending allowance consideration is done to determine
the extra allowance due bending from the original
dimension.
Bend allowance, B = α (R + K t)
Where = α bend angle, radians
R = inside radius of the bend, mm

The die hole is 3.05 together with the clearance calculated in the next section
3.1.2. Force analysis for the u channel bending jig
The bending load may be calculated from the
knowledge of material properties and the die characteristics as shown below:
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standardization

Where Fb = bending force, tons
K = 1.33 for die opening of 8t, 1.20 for die opening
of 16t, 0.67 for U bending ,0.33 for a
wiping die
L = length of the bent part, in mm
s = ultimate tensile strength, Mpa ,400 Mpa
for maximum case
t = blank thickness, in mm
W = width between the contact points, in mm
L=60mm, St=400Mpa, t=0.4mm and
W=Rk+Ri+c where c is the recommended clearance between the die and the punch for smooth pulling of the
material into the die when the clearance is too small the
material tends to shear . And from design hand book it
is recommended to take Ri between 2t-3t;Rk, 3t-4t
c=Tmax-0.1 from Vukota Boljanovic sheet metal forming
process and die design
c=0.4-0.1=0.3 for 3 piece 0.9 mm and recommended to
take 1mm
W=Rk+Ri+c , W=3mm+4mm+1, W=8mm
Fb=321.6N therefore total force
required to bend 3 work pieces
once

Thickness of the punch Tp and for the punch
Tp=1.5 Td=1.5*9.88=14.82
Using factor of safety to be 1.8 Tp=14.82*1.8=27.5mm
3.14. Material selection for punch and die
Before going into material selection phase it is
necessary to calculate the stress developed in the punch
and die
Stress =Fb/A where Fb is bending force and A the cross
sectional area
σp=Fb÷A=964.8 N÷(0.03x0.06)=0.54Mpa
For the die the stress developed in the cross sectional
area of the die can be calculated as follows
σd=Fb÷A=964.8 N÷(0.0344x0.06)=0.47 Mpa
Therefore considering the above criteria
Gray cast iron Heat treated and quenched with oil
medium with the following specification can be used for
this application
NB this section is only for pot support, all the bending
channels are designed for leg, handle, pot stabilizer
ASTM
number

Tensile
strength

20

83 Kpsi

Brinell
Hardness
156

Fatigue
stress
factorKf
1.00

Shear
modules
26 Kpsi

Reference
FbT =321.6x3=964.8 N for the maximum case
thus conservative design.
Now we can calculate the value of Rh
Summation of moment at pivot point O is zero where
M=F*R taking UN clockwise moment to be positive
(964.8*50)-((Fh*(30+Rh))=200(30+Rh)
=964.8*50Rh=211.2mm which is and, Rt=30+211.2
Rt =241.2 mm though 241.2 mm
Handle is enough to generate the required force; for safe
operation and handling it is recommended to take 0.5
meter handle including the wieldable part
3.1.3. Punch and die design
Proper punch and die set must be designed to fulfill the
bending theories consider Compatibility, Punch,
strength and Interference.
Die thickness calculation
Td= =
Ustotal

1. Accenture Development Partnerships, Market Analysis, Recommendations and Program Plan Developed
for the Ethiopian Federal Ministry of Water and Energy
2. American Welding Society Welding Handbook
2007
3. GIZ Manual for Production of a Household Rocket
Stove “Tikikil”
4. Ivana Sochi 1998 handbook of die design., McGrawHill
5. K. G. Swift and J. D. Booker (2003)Process Selection From design to manufacture Second edition
6. Vukota Boljanovic(Ph.D.) sheet metal forming proc
esses and die design 2004

=9.88mm
ing factor of safety to be 2
thickness of the die is
9.88*2=19.76, Td=20mm for
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