© 2023 IJNRD | Volume 8, Issue 1 January 2023 | ISSN: 2456-4184 | INRD.ORG

IJNRD.ORG ISSN : 2456-4184 ~

~s- INTERNATIONAL JOURNAL OF NOVEL RESEARCH
. S AND DEVELOPMENT (IJNRD) | UNRD.ORG
RD Anlnternational Open Access, Peer-reviewed, Refereed Journal

ANALYTICAL DESIGN AND MODELING
FOR EFFLUENT TREATMENT PROCESS
USING RADIATION ENERGY

Wasihun Alemayehu (M-TECH in - Industrial design Engineering),Adama Science and Technology

University ,School of Material, Chemical and Mechanical Engineering ,Department of Mechanical
Engineering

Abstract: Process Design for re-treatment of a typical waste (effluent)before a complete disposal to the
environment for reuse of water using solar radiation as a source of energy that make emission free the
environment unlike UV disinfection, ozonisation, etc. The identified gaps: -effluent Linkage to the ground
and over flow (effluent from polishing pond fleshes to the ground during high rainy condition) exists
which result in mixing of waste water with water under use. Effluent is in risks from cholera and
dysentery organisms and a range of tropical enter-parasites. While using UV in effluent treatment:- result
in skin damage and up to eye blindness. Materials are selection based on: - the availability rate, method
and concept of the design. Polished stainless steel (metal sheet) used to design the parabolic dish in which
a solar radiation is concentrated into a specific area called focus, where; high thermal energy is generated
and cupper tubes is placed at focal point for: temporary storage of effluent inside the collector, transfer
heat to it and boiling is takes place there for best killing of the pathogens. Detail design and analysis is
made for mechanism and process is based on ASME standard equations. Finally, the process designed for
emission free, best killing of pathogens is attained and feature work and modification is suggested for
continuous up date of this work.

Keywords: Analysis, ASME, collector, effluent, emission free, focus, re-treatment, ETP, pathogen.

1. INTRODUCTION: The cleaning process that improves wastewater quality before it is reused,
recycled or discharged to the environment. .ETP (Effluent Treatment Plant) is a process design for treating
the industrial (wash and toilet water) waste water for its reuse or safe disposal to the environment.
Through a polished stainless steel parabolic dish, solar radiation is concentrated into a specific area called

focus, where thermal energy is generated and is used for cooking or fulfilling a necessity without high
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investment to help the environment cleanest. The general process flow structure is described as infig.1.1

below. Where: - Influent: Untreated industrial waste water. Effluent: Treated waste water. Sludge: Solid

part separated from waste water by ETP.

WASTE TREATMENT PLANT
INFLUENT m=b ETD mwp EFFL UENT b EFFLUENT
l TREATMENT
PROCCESSE
SLUDGE
Cleaned Water disposal

To the environment

Figure 1.:-General overview diagram for advanced waste treatment plant

Design of ETP: The design and size of the ETP depends upon:-Quantity and quality of the
industries discharge effluent.  High contamination of pond water, waste water, storm with confined
underground water which is danger for health and environmental safety in rift Valley area than high land
area. And it’s crucial issue that water needs to be cleaned (be pure) before used. Since water is flowing
down, there exists mixing of the ground water with waste water, Storm, confined underground water
especially during summer season resulting in pollution of water under direct or indirect use: recycled
(irrigation for crop cultivation, cattle drinking) which resulting in cholera. Due luck of high technology,
no standard urban planning in our country cities including Addis Ababa and sub cities which were
established by random population settle and then establishment of cities the problem has been emerged
and observed increasingly year to year. In general, more human activity is up stream (i.e. the larger the
stream/river, the greater the potential for contamination from sewage effluent, surface runoff, or industrial
pollutants. In late June 2006, Ethiopia's Oromiya Region was affected by an outbreak of acute watery
diarrhea, subsequently confirmed to be caused by Vibrio cholera O1, a pathogen not known to be endemic
to this area. A physician-epidemiologist-led team assessed the Guji, Bale, and East Shewa zones from
September 15 to October 9, 2006. The cholera cases mapped along the Gennale River. The individual
attack rates were low (ranging from ~ 0.03% to ~ 4.12%), as was the overall attack rate for all 3 zones
(almost 0.50%). The individual CTC case fatality rates ranged from 0% to 6.4%, and the overall case
fatality rate was 1.11%.

The Meskel religious and irrecha cultural festival (is a) major cause for concern,” the document said.
“Up to 500,000 people are expected to gather for 10 days from 15-30 September with poor access to safe
drinking water and sanitation facilities.” ADDIS ABABA (Reuters) - Cholera and other diarrheal diseases
have infected 18,000 people in Ethiopia over the last three weeks in many parts of the country, including
the capital Addis Ababa, according to a document seen by Reuters [2 3. Health service records and

community based surveys indicate that diarrheal diseases are major causes of morbidity and mortality in
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Ethiopia [*?. The effect of longer wavelengths (UV-B) producing sunburn in humans. Microorganisms
have less protection against UV and cannot survive prolonged exposure to it ). The indirect cost of bad
health on the economy has two effects. The first is the loss of economic contribution of the sick (including
those who have to care for them),and the prematurely diseased ;the second ,is the lower productivity
resulting from sick workers*® 1 .water related diseases are of specific concern in countries with high
numbers of people who suffer from HIV/AIDS, such as south Africa( UNICEF,2005).

1.1 General objective

The main goal of this project is to develop a system model that provides clean environment with
minimum cost and minimum emissions which solve the problem arising from contamination of
wastewater with storm and underground water, before it is reused, recycled or discharged to the

environment.

1.2 Specific objective

1 Model and design a parabolic dish that collects high solar radiation which is efficient enough to produce

steam or hot water and is capable to kill pathogen inside a tube. 2 Model and
design a Levellers: that adjust direction azimuth to trace sun path 3 design and
model a system or process in flow fluid to the pipe inside a parabolic dish 4 Model and

design gravity feed system.

5 Design a system outflow of cleaned effluent from pathogens down to the environment
6 Design a gritting on glasses that optimizes sun radiations inside the collector..
7 To model and design radiation a collector that is efficient enough to produce steam or hot water. It also

needs to be efficient enough to conserve the heat gathered when the sun is covered by clouds.

1.3 Significances of the process

The increase in population and economic development of country needs unlimited need of power and
service. Even though this is not the only solution to solve but have great value for. Significant pathogens
commonly present in the developed world include Giardia, Cryptosporidium. In less developed countries
there may be risks from cholera and dysentery organisms and a range of tropical entero parasites 7).
1.4 Limitations of conventional w.w.t.p method

Conventional waste water treatment plant uses UV- radiation.For human beings, skin exposure to
germicidal wavelengths of UV light can produce rapid sunburn and skin cancer 8! Exposure of the eyes
to this UV radiation can produce extremely painful inflammation of the cornea and temporary or
permanent vision impairment, up to and including blindness in some cases. UV can damage the retina of
the eye.UV- radiation is able to break down chemical bonds. This leads to rapid aging of plastics,

insulation, gaskets, and other materials. A full-spectrum lamp will release all UV wavelengths, and will

produce ozone when UVC hits oxygen (02) molecules.[11]
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1.5 The scope of the process design
This paper presents the development depending on seasonal condition (sunny day condition). A secondary
application for the system would be to find another use for it aside from treating the waste such as;
generating electricity, methane gas, heating a water tank. This can also use for small scale (controlled
volume or specific purpose operation), Limited to wastes from human excreta (toilet) and wash water.
1.6 The limitation of the paper.
This paper is limited to consider for more conditions like (- it is limited to solve only one problem or it
doesn’t stated to solve about waste from chemical industry because each chemical waste needs specific
chemical reaction ,formula, mass ratio and etc., to get neutralized and no gab is obtained there.

2. PROBLEM ANALYSIS METHODOLOGY AND MATERIALS

High contamination of pond water, waste water, and storm with confined underground water results
disease-causing micro-organisms such as Vibrio cholera which causes cholera and various strains of
Salmonella which cause typhoid and Para-typhoid diseases. Pathogenic viruses may also be found in
water. The larva of flukes is particularly dangerous in area frequented by sheep, deer, or cattle and is
danger for health and environmental safety in low land area than high land area. If such microscopic
larvae are ingested, they can form potentially life-threatening cysts in the brain or liver. This risk extends
to plants grown in or near water including the commonly eaten water cress, example (Baka in Tepi,
Cabage in Addis Ababa, Adama Ethiopia).

2.1. Factors affecting environmental pollution (water contamination):
» Un separate release of wastes.

» Luck of standard urban planning in our country cities including Addis Ababa (sub towns .S) due
Random population settle and establishment of cities, so Stream and underground water polluted
easily by mixing of feces and wash water [6: 71,

> No effluent flow equalization tank to operate in a cost effective manner in uv- irradiation.

» While the filtration elements may do an excellent job of removing most bacteria and fungi
contaminants from drinking water when new, the elements themselves can become colonization
sitesf-1t] |

» The iodine kills many, but not all, of the most common pathogens present in natural fresh water
sources.

» UV-C LED emitting 265 nm, this process is similar to the effect of longer wavelengths (UVB)
producing sunburn in humans [&-141,

> Recent developments in semiconductor technology allows for the development of UV-C Light
Emitting Diodes (LEDs). UV-C LED systems address disadvantages of mercury-based technology,
namely: power-cycling penalties, high power needs, fragility, warm-up time, and mercury content.

» To develop a system that provides clean environment with minimum cost and zero emissions, That
solves the problem arising from contamination of waste water, with storm and underground water
,before it is reused, recycled or discharged to the environment (to safe guard the environment as

possibly). To achieve the best performance from treating plant, the above factors are to be
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optimized by proper design and selection of the components required on the machine to suit the
needs of the environmental safety. That can play an important role in manipulating the physical

environment.

2.2 Methodology and material
2.2.1 Methodology
Methodology is one of the most important things to be considered to ensure that project will run

smoothly and achieve the objective; project methodology will describe the flow of the project progress.

The following steps will be used to accomplish the goals of this project.

2.2.2 Method to find the existing problem.
» Personal observation.

Collecting information.
During my observation (information) i concluded that polluted water is causing illness and death.

data collection

YV V V V

Mass —media, i.e. ETV, Fana broad cast.etc (seasonally people are getting death due cholera and
related germs.)

» The primary data collected for the purpose of analysis was used as an input to the various models
that was designed and modelled. The majority of the data was collected using questioners and
surveys.to obtain the existing problem detail relevant literature, class discussion with
ASTU,WWTP ,some practice and individual questioner’s for ASTU WWTP staff were conducted.

For the analysis of all processes models different resource were used.
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2.2.3 Methods to solve the problem

» The following process flow chart shows methodology that will be applied in systematic and

structured way to achieve the process.

Define the problem/analyses the problem in part 3.1.1/

V/

concept developing

Geometrical:-1, concept generation, ii. concept selection
Materials properties and methods
Component description and etc...

yi

Identifying design requirements for each component Select
proper/reliable/ material

v

v

v

\

Model and
design for

rallartAr

Model and design for
stand and support

Model and design
for azimuth
Mechanism

Model and
design for inlet

\

Design and analysis for effluent flow

Revise:

Design variables

Complete design for cost
effective and emission free
process for effluent water
treating process or to kill

No

nathnnens

Final

output/document/

Figure 2.:- process flow chart diagram

2.2.4 Process methodology

I, Material selection:-Engineers have to determine correct weight factors to evaluate the candidate

Materials. On the other hand, just using required design formula is sufficient to determine optimum

material for the purpose required i.e. Materials are selection based on: - the availability rate, method and

concept of the design. And the Ashby material selection strategy for gear material used [40]. Table 1.

shows the selection of materials related to cost and purpose.
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Table 1.:-Material selection

Criteria Sheeltor(;:tals Glass/tr;;:parent/ Met;lc;)rods Cement 5%
Availability 8.5 2.5 4 4
product ability 9 4 2 4
Reliability 9 4 4 5
Cost 8.5 2 3 3
Total 37 13 14 16
Rank 1 2 2 2

Selected for Selected for Light | Selected for frame, Selected for

Remark e frame,
[collector/ magnification Shafts and gears, Support

The followings are lists and analysis of materials used for this design.

3.2.1 Polished stainless steel: is the inner surface of the parabolic collector in which solar radiation is

getting refracted inside the trough for the heating purpose

The steel contains both chromium (between 18% and 20%) and nickel (between 8% and 10.5%) % 91, |t
has a higher corrosion resistance than regular steel and is widely used because of the ease in which it is
formed into various shapes.™I8] Designers call it a fixed mirror distributed focus solar power system.
The main reason for its development was to eliminate the cost of moving a large mirror to track the sun as
with parabolic dish systems 1. Proponents of the solar bowl design claim the reduction in overall power

output compared with tracking parabolic mirrors is offset by lower system costs.[*"]

2.2.2) Pine Plywood-
Act as round support for parabolic trough and prevent heat/radiation/ loss to environment.it is MDF

made of eucalyptus fibers and three different contents of castor-oil-based polyurethane resin and the
specifications of the Euro MDF Board .In the RSF design, heat is also conducted into the ribbon itself;
however, the thermal conductivity of the polyimide (0.12 WAm Al AK Al ; Kapton [Dupont Inc.,
Wilmington, Delaware, USA) is similar to that of dry wood (0.177-0.370 WAm A1 AK A1 ; Suleiman et
al. 1999) and less than that of sap (0.5984 WAmM A1 AK Al ;); therefore, significant heat loss to the
polyimide is not anticipated. Sap velocity can be computed from V h by knowing the fraction of the
sapwood that is active xylem (F L ) and the relative heat capacity of the wood (k) Warwick 1984, Becker
and Edwards 1999).[:8l

2.2.3 Cupper tubes —
Purpose:-temporary handling for waste water.
Superior performance at reasonable cost

Light & Compact: Copper’s light weight permits easier handling and prefabrication. It costs less to

transport and takes less space when installed.

Easy to Join: The wide range of types of fittings available simplifies installation. Soldering and brazing

provide neat, strong and leak proof joints.
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Fabrication: Tube can be cut quickly with variety of commonly available tools. It can also be readily bent

and formed when necessary.

Corrosion Resistance: Excellent resistance to corrosion assures long, trouble-free service. Immunity to

rust and resistance to clogging minimize maintenance.

Flow: Copper’s smooth interior means minimum resistance to flow. Also fittings do not restrict flow, and

do not make additional allowances necessary when sizing systems.

Safe: Copper tube will not burn or support combustion and decompose to toxic gases, and therefore, it will
not carry fire through floors, walls, and ceilings. Volatile organic compounds are not required for

installation.Good conductivity of electricity and heat

Alloys are tough catalytic ant -bacteria salt used in preparation of insecticides and its salt insect
side.Copper’s corrosion resistance is related to its ability to form a uniform, adherent, protective oxide
film in contact with most waters. Since the energy is required for steam formation normally at temperature

of 100°C. Table 3.2-describes detail for physical property of pure copper tube material.

11, Data collection

Data for the proposed project is obtained from ASME/ standard books /, PSG book and hand-outs.
Analysis the force effect on distribution of weight on supporting frame and levelling system by the

software application (CATIA).
111, Development Tools
» Auto-cad

» Catia software for design purpose.
3. DETAIL PROCESS DESIGN AND ANALYSIS
3.1 Concept generations

The goal of concept generation is to thoroughly explore the space of the product concepts that may
address the customer needs. Concept generation includes a mix of external search, creative problem
solving, and systematic exploration of the various solution fragments. The result of this activity is three

generative concepts, each typically represented by a sketch and brief descriptive text.

3.2 The functional decomposition of the product
Is used to divide the single black board into sub functions to create a more specific description of what
the elements of the product might do in order to implement the overall functions of the product [*°l. Figure

shows functional decomposition for the collector as well the heater.
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Figure 3.:- (A) diagram of the functional decomposition for the collector as well the heater diagram, (B) Specific

functional decomposition diagram for the process

3.3 Concept Classification Tree
v Divide the entire space of possible solutions into several distinct classes which will facilitate

comparison and as shown in concept classification tree diagram? below:-

OB oils the water

Staved long

MNon-return valve opene
Waters collecte kills the germ in the water.
in middle ate valve opened. O
Tilts to sun overhead.

Energy saved

ow controlled

Time saved

Figure 4:.-process classification tree
The data used in this work were obtained through field work, and from (literature) historical sources

available at the chapter two, regarding mostly river water, flows and water quality. The results of studies
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conducted in some of the river courses investigated were used to assess river water quality or before water

gets to tributary pre-treatment is required.

3.4 Detail component design and analysis
Part list the model have the following main parts with which constituents is listed under.

3.4 .1 Parabolic trough:-made of the following sub component:-

I) Polished stainless steel (metal sheet) for inner surface of the.

I1) Pine Plywood

[11) Aluminium frames
3.4.2 Flow mechanism: - made of the following sub component:- Cupper tubes, gate valve, non-return
valve, pressure relief valve and Return bend
3.4.3 Stand: - made of the following sub component:- CRC Support, CRC beam and Bolts
3.4.4 Solar tracing Mechanism: - made of the following sub component: - gearshift and bearings.
3.4 .5 Design for parabolic trough
This is the main component for the process that is made from polished stainless steel (metal sheet) for
solar radiation collecting and MDF for insulating purpose.
Dimension analysis for parabolic trough is illustrated in figure 5.the parabola is the locus 1?2 of points in
that plane that are equidistant from both the directrix and the focus. The point where
the parabola intersects its axis of symmetry is called the "vertex™" and is the point where the parabola is
most sharply curved.
The general form of standard parabola is: y? =4ax, where ‘a’ is a constant. The straight line passing
through the focus and perpendicular to the directrix is called the Axis of the Parabola. The parabola is a
symmetrical about its axis (i.e. x=0 line). It means if (x,y) lies on parabola. Then (—x,y) also lies on
other sides of the axis.
The point which bisects every chord of the conic passing through it is called the centre of the parabola.
Solving equationy? =4ax and we get: y = +2a /y? =4px

= . The points of intersection of the conic section and the axis called Vertex. Vertex is point O( 0,

0) i.e. the origin is the vertex of the parabola.

= The fixed point is known as Focus (denoted by S).

= The fixed line is known as directrix.

= A chord passing through the focus is known as focal chord.

= The straight line through focus and perpendicular to directrix is known as axis.
The focal chord which is perpendicular to the axis is known as Latus rectum. Since it passes through the

focus of parabola.
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axis of symmetry o"’m, light
Axis of symmetry
L

latus o -~
rectum 4 . /C’
A~
e Foces
; vertex
cirectrix =
@) (b)

Figure 5: - geometrical construction for parabolic trough [2%]
For y? =40x, 40=4p, p = 10 unit is the
Determination for length of the curve .From general equation of the parabola:-

y? = 4fx(m?),For a parabolic focus ‘f’and locus point is in between [0.0] to [40; 28]

Solution: Since 40 x =y?, we have dx/dy = y/10, the length of the curve can be calculated as:-

L=f> VI+ (dx/dy)? ,dy=[**JT+ 1y2/100 dy

We make the trigonometric substitution let y =10tan8, which gives dy =10sec? 8d6and

28 1y2 28 2 2
dy:fo 1422 dy:fo V1 + tan?6 10sec” 6d6

100

since V1 + tanZ6=sech.

When,y=0,tan 6 =0,s0 0 =0; wheny=28,tan 6 =2.8,

So 6 =tan™! 2.8 =a = 70. Thus

L:f070 sec 10sec? 8dO= 10 f070 sec30d6 = 10[secH tan 8 + In(sech + tan 6]]°

= 10[seca tan a+ Inseca + tan a]=10[sec89.70 tan89.7 + In(sec89.70 + tan 89.70]= 99.4 say
100cm.

A=l x t=.2- .5mm x1000mm=5cm? to 2cm?

V=a xw=600cm x5cm?=3000cm3

M=p xv=.003m3 x7850kg/m3=23.55kg =24kg

FOr both side; m=48kg.

Surface area =0.6 xw=6 x 0.6=3.6m?, for both side (doubles, Surface area )=2(I xw) =7.2m?,  Frame :-
mass of Aluminium=0.4kg

Total mass=48kg+.4kg+1kg allowance=49kg. And layered ply-wood

I1) Plywood is a material manufactured from thin layers or "plies” of wood veneer that are glued together

with adjacent layers having their wood grain rotated up to 90 degrees to one another.

A=2(h xI)
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Area working/cross-section / = 100cm x thickness =2 x100cm? — 2(h xI) = 400cm? for equal length of

wood

A=400cm? =.04m?

V= .04m?x6m=0.24m3

M=p xv=7.27 g/lcm3 x0.24m3=72700kg/m3 x0.24m3= 17448kg
4362kg is the quarter

3.4 .2 designs for Flow mechanism:-
It is made of the following sub component:-cupper tubes, gate valve, on-return valve, pressure relief valve

and Return bend

Cupper tubes: - temporary storage for store effluent inside the collector, transfer heat to wastes inside and
boiling is takes place there for best killing of the pathogens.

Return bends: there is serious fitting of copper tubes , so that flow will continues from one tube to the
next tube and gas welding is used for best fitting processes.

Rain or cloudy condition compensation system

A solar cell is used for compensation of power while rain or cloudy condition is happening before non-
return (inlet) valve is closed and killed pathogens are not completely drained. Even eve compensation is
not possible (solar cell is not efficient to do so) it is advisable to drain back the waste effluent by manually
opening the non-return valve (inlet valve).Solar cells produce about 0.5 Volts (more or less) regardless of
how large they are. Cells produce

0.5 volts per P-N junction and cells have only one P-N junction. The common single junction silicon solar
cell can produce a maximum open-circuit voltage of approximately 0.5 volts to 0.6volts. 2]

* Size of solar cell does affect Current flow (Amperes).

* Solar cells are "rated" by a combination of the two by Watts.

Volts: An electrical "force”, Amperage: The flow of electrons past a given point in time.

Solar panels are usually able to process 15% to 22% of solar energy into usable energy, depending on
factors like placement, orientation, weather conditions, and similar. To determine solar panel efficiency,
panels are tested at Standard Test Conditions (STC). STC specifies a temperature of 25°C and an
irradiance of 1,000 W/m?2. This is the equivalent of a sunny day with the incident light hitting a sun-facing
37¢-tilted surface. Under these test conditions, a solar panel efficiency of 15% with a 1 m? surface area
would produce 150 Watts 28],

Pressure-Relief VValves

Pressure-relief valves limit the maximum pressure in a hydraulic circuit by providing an alternate path for
fluid flow when the pressure reaches a present level. All fixed-volume pump circuits require a relief valve
to protect the system from excess pressure. Fixed-volume pumps must move fluid when they turn. A relief
valve is similar to a fuse in an electrical system. Similarly, in a hydraulic circuit; a relief valve opens and
bypasses fluid when pressure exceeds its setting [2°31. The valve then closes again when pressure falls.
This means that a relief valve can bypass fluid anytime, or all the time, without intervention by

maintenance. Many fixed-volume pump circuits depend on this bypassing capability during the cycle, and
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some even bypass fluid during idle time. A well-designed circuit never bypasses fluid unless there is a

malfunction, such as a limit switch not closing or an operator over-riding the controls. This eliminates
most overheating problems and saves energy. There are two different designs of relief valves in use:
direct-acting and pilot-operated. Both types have advantages and work better in certain applications.
Cracking pressure — Refers to the minimum pressure differential needed between the inlet and outlet of
the valve at which the first indication of flow occurs (steady stream of bubbles). Cracking pressure is also
known as unseating head (pressure) or opening pressure B,

Reseal pressure — Refers to the pressure differential between the inlet and outlet of the valve during the
closing process of the check valve, at which there is no visible leak rate. Reseal pressure is also known as
sealing pressure 21 is weight of fluid from the top closing down the disc [?°3 Back pressure — a
pressure higher at the outlet of a fitting than that at the inlet or a point upstream.

Non-return valve:-A diaphragm check valve uses a flexing rubber diaphragm positioned to create a
normally-closed valve. Pressure on the upstream side must be greater than the pressure on the downstream
side by a certain amount, known as the pressure differential, for the check valve to open allowing flow.
Once positive pressure stops, the diaphragm automatically flexes back to its original closed position.
3217 swing check valve or tilting disc check valve 3 is a check valve in which the disc, the movable
part to block the flow, swings on a hinge , either onto the seat to block reverse flow or off the seat to allow
forward flow. The seat opening cross-section may be perpendicular to the centerline between the two ports
or at an angle A stop-check valve 34 is a check valve with override control to stop flow regardless of flow
direction or pressure. In addition to closing in response to backflow or insufficient forward pressure
(normal check-valve behavior), it can also be deliberately shut by an external mechanism, thereby
preventing any flow regardless of forward pressure.

A lift-check valve > is a check valve in which the disc, sometimes called a lift, can be lifted up off its
seat by higher pressure of inlet or upstream fluid to allow flow to the outlet or downstream side. When the
pressure going through the valve goes below the cracking pressure, the spring will close the valve to
prevent back-flow in the process <.

3.4.3 Stand —

Made of the following sub component:-Ply-wood Support, CRC beam and Bolts, RCC

Introduction

In the design and analysis of reinforced concrete members, “The mechanics of members consisting of two
materials.” To compound this problem, one of the materials (concrete) behaves differently in tension than
in compression, and may be considered to be either elastic or inelastic, if it is not neglected entirely.
Although we will encounter some peculiar aspects of behaviour of concrete members, it will usually be
close to a solution for most problems if we can apply the following three basic ideas:-

» Geometry of deformation of sections will be consistent under given types of loading;-i.e., moment will
always cause strain to vary linearly with distance from neutral axis, etc. Mechanics of materials will allow

us to relate stresses to strains.
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* Sections will be in equilibrium: external moments will be resisted by internal moment; external axial
load will be equal to the sum of internal axial forces. (Many new engineers overly impressed speed and
apparent accuracy of modern structural analysis computational procedures think less about equilibrium
and details).it is almost impossible to exactly analyze a concrete structure, and to design exactly is no less
difficult.
Fortunately, a few fundamental assumptions which make the design of reinforced concrete quite simple
were used, if not easy. The overall goal is to be able to design reinforced concrete structures that are:
* Safe
Economical
Efficient
Reinforced concrete is one of the principal building materials used in engineered structures because:
3.4.4 Design for azimuth Mechanism:-
A mechanism: - Tracing the Sun path for continuous and efficient absorption of radiation energy. Made of
the following sub component:- gear ,shaft with hand lever and bearings.

» Azimuth: - Reiterate finding the sun's Altitude and then demonstrate finding the sun's Azimuth

using a clear hemisphere as per Rahus instructions.
The direction of the rough compass card can be approximate for demonstration purposes. Draw its
location with a small point using a non-permanent marker, by tracking the sun over a given number of
hours. Then, draw a line straight down from the sun's location on the clear semi-hemisphere to the horizon
on the compass card. From that point to true north (angle in degrees) is the sun’s Azimuth ,Tracking the
suns path, Bulk of solar energy is delivered between 9 am and 3 pm.Sun's track during the summer months
is higher due to earth's tilted axis and orbit around the sun.(Highest on Jan-June 21st). Sun's track during
the winter months is lower due to earth's titled axis and orbit around the sun.(Lowest on August-
sebtember21st).Solar window occurs vertically between 9 am and 3 pm and horizontally between
December 21stand June 21st.Using a clear hemisphere, review the sun's altitude, Azimuth, tracking and
the solar window that is created based upon the notes shared above.
Design of Shafts
Shafts are designed on the basis of strength or rigidity or both. Design based on strength is to

ensure that stress at any location of the shaft does not exceed the material yield stress. Design based on
rigidity is to ensure that maximum deflection (because of bending) and maximum twist (due to torsion) of
the shaft is within allowable limits. Rigidity consideration is also very important in some cases for
example position of a gear mounted on the shaft will change if the shaft gets deflected and if this value is
more than some allowable limit, it may lead to high dynamic loads and noise in the gears [ 38 |n
designing shafts on the basis of strength, the following cases may be considered 7 %.A.S.M.E. Code for
Shaft Design:-According to A.S.M.E. codel®” *®l the bending and twisting moment are to be multiplied by
factors ky and k; respectively, to account for shock and fatigue in operating condition. Therefore, if the

shaft is subjected to dynamic loading, equivalent torque and equivalent bending moment will become:
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MODEL

The three dimentional drawing with levelling of component for the processes is shown in figure5.2 :- 1)
Polished stainless steel (metal sheet): due it’s highly reflective and smooth finished surface used to obtain
more energy inside the collector, parabolic dish, solar radiation is concentrated into a specific area called
focus, where thermal energy is generated and is used for cooking or fulfilling a necessity without high
investment and helping to the environment free from emission.2) cupper tubes :-temporary storage for
store effluent inside the collector ,transfer heat to it and boiling is takes place there for best killing of the
pathogens,3) Non-return valve:- shutting the valve to stop reverse flow of water,4)Pine Plywood: prevent
heat loss from collector 5) Return bend: to connect parallel tubes for continuous flow fluid inside tubes 6)
Compression valve: -pressure-relief valves limit the maximum pressure in a hydraulic circuit by providing
an alternate path for fluid flow when the pressure reaches a preset level/allow vapor flow to last disposal
while inside pressure reaches maximum limit/7)Aluminum frames: for rigid support of Polished stainless
steel with Pine Plywood (insulating material),8) Glass:-magnify the radiation and the process designed for
killing of pathogen is designed and assembled for working in figure 1below:-rays entering the parabolic

collector.

Figure 6:-pictorial illustration for effluent treatment process uses solar radiation as power source

9) Levellers: to adjust direction AZIMUTH: finding the sun's Altitude and then finding the sun's Azimuth
using a clear hemisphere, 10) Concrete stand and support,11) Steam out flow way and 12) Effluent inflow
pipe way. Even though this is not the only solution to solve but have great value for. Significant pathogens
commonly present in the developed world include Giardia, Cryptosporidium. In less developed countries
there may be risks from cholera and dysentery organisms and a range of tropical enter-parasites.

3.5 Flow process design and analysis

The process of flow is designed based on a piezometer 3%, A piezometer is either a device used to
measure liquid pressure in a system by measuring the height to which a column of the liquid rises against
gravity, or a device which measures the pressure (more precisely, the piezometric head) of groundwater at
a specific point. It is the simplest form of manometer used for measuring moderate pressure liquids 491,
Piezometric head = Pressure head + Datum head.

Total head is addition of pressure head, datum head and velocity head.

Total head = piezometric head + velocity head.
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Figure 7:- A piezometer head diagram 3941 effluent flow process analysis diagram left to right
respectively

If you will look from soil mechanics point of view the velocity head is very low so it is ignored .Hence the
piezometric head itself becomes total head. By assuming steady-state incompressible (constant fluid
density),in viscid, laminar flow in a horizontal pipe (no change in elevation) with negligible frictional
losses, Bernoulli’s equation ¥ reduces to an equation relating the conservation of energy between two

points on the same streamline:

. h, — maximum Height of fluid can rise up
Flow analysis .
above relief valve.

Pi=pgh + Pgtm= T P, —Pressure at point “a”’/check valve/

k T F., — tangemntial load at'cv'’
1m x1000 "9/ 3 x10™/ ,+105N/ ,=11x10*N / , cv

P; — Pressure at point “1”

nD?
T Foy=1 PoxA=T FpxA  =——x1F = A-cross-sectional area.

TP, = pg( heor — hy)= D- Mean diameter for the coil.

— densit luid d ter 1
Points 1 and 2 are at same pressure head p — density of fluid /assumede water lg/cc

Assume that due some stagnation at area 2 the starting point for up rise of fluid and with velocity of
0.1M/.

Pressure at point 2 can also be calculated as: T P,= pgh;,; + %pv2 where:—v — velocity. Assume
the pipe is fully closed no atmospheric pressure can act down the fluid.

TPa = pg(hior — hy)

hio = 6m so in this system for the provided drawing and the given asumtion

The gravity force can raise the water up to 6m height.

Assume check valve is placed at 1.5m from the level of water ,so the spring for check valve is
designed that (6-1-1.5)=3.5m head will not open it and considering some unknown condition the pressure
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at that point is taken 11\’/mm2 .But for a pathogen to be killed it needs minimum of 65°C “?land for such
amount of temperature rise from ideal gas equation the pressure reaches 185N /mm2 ,S0 that return spring

is designed for this pressure or similar to that of boiler hand calculation is left out of this paper.

4. RESULTS AND DISCUSSION
4.1 Working principle

Process Design for re-treatment of (effluent) using solar radiation as a source of energy.

. After all machine is assembled as per figure number 1 and 2 with description waste inters to the tube by
gravity feed system, As effluent inters to the tube from polishing pound (any reservoir) it gets warm
gradually due heat is transferred from the tube by convection and conduction, after certain minute it gets
boiled bushing pressure valve upward steam will flow to the port. Process flow for the effluent is

described in the figure 5.1(A) via flow line diagram and piping diagram is illustrated in figure 5.1(B).-

exit direction ﬁ
for treated
in flow port '
for effluent
pressur relie-valve
—
assemDLl}?
1

90 degree return bend

C

inlet valve,non-return valve

Figure 8: - (A)-shows effluent flow line diagram from flow to out flow path in the pipe. (B)- 2d-illustration for

three turns pipe diagram assembly.

Normally pathogens get killed at 40-60degree centigrade but this is done up to boiling for best convenient
and reddens of the plant for methane gas production. And process will continuous: hot water will not flow
back ward to polishing pound because of check valve prevents back flow and un boiled warm water will
not flow out because of relief valve doesn’t allow until boiling pressure/temperature is obtained, the solar
cell arrangement for cloud condition compensation using glow bulb to give heat inside. Finally steam with
killed pathogens get down the ground so water gets pollution and emission free in the environments. The
last steps would be to close the cycle by using a condenser which would cool the steam from the pipe

exhaust back to the case of direct use of water.

IINRD2301176 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

© 2023 IJNRD | Volume 8, Issue 1 January 2023 | ISSN: 2456-4184 | INRD.ORG
Discussion for the expected outcome of effluent treatment process: -
To make high quality effluent which is safe for human contact and provides the greatest number of private
and public reuse opportunities including irrigation of food crops, open-access landscape irrigation and
industrial water
To reduce Food contamination: -
I, (Sea food, particularly crustaceans and other shellfish, taken from contaminated water and eaten raw or

insufficiently cooked or contaminated during preparation.).

Il, Fruit and vegetables grown at or near ground level and fertilized with night soil (human excreta),
irrigated with water containing human waste, or “freshened” with contaminated water, and then eaten raw,
or contaminated during washing and preparation.

111, Corpses (dead body especially human being) of cholera patients are highly infectious through their

excreta. Physical contact during funerals is also a major medium. If possible, funeral should be held within
hours of death and corps should be enclosed in plastic bag to prevent spread of Virus cholera.

1. To reduce deaths: - increase access to care

2. To prevent new case: - Intensive public education, Environmental sanitation campaigns and ensure
safe water.

4.2 Alternate Design of Solar Reflector

For the alternative design of the Solar Reflectors, we would be using mirrors to reflect the sun on a water
tank to preheat the water. It is a method similar to the Solar Tower. The preheated water will be circulated
to the system to accelerate the heating process and therefore provides higher temperature and pressure of
steam. Another alternative of the reflective mirrors would be a reflective dish. This reflective dish (which
would be made of would be a glass mirror with aluminium coat) focus the solar beams into the water tank

to preheat the water tank to perform the same process mentioned above.

4.3 Future Work and Recommendation.
Even though the standard experiment not conducted quite good results will be obtained, there is

always room for future work on every system. This means that a steam engine, condenser, and pump
would have to be installed in order to complete the cycle. The collector would also generate steam to run
engine for generating electricity. In turn, the steam engine exhaust vapours would be collected in methane
tank get that would work with temperature sensor that should assembled before check valve since methane
gas formed at less temperature than water vapour. So that best process with minimum emissions will be

formed. Another idea for future work is to increase the size of the collector itself.

5. CONCLUSION AND RECOMENDATION
Conclusion

I conclude that the practical /experimental/accomplishment of this process design helps water
and environment cleaning process that improves quality of water before it is reused and is one way of to

solve the health problems arise from pathogen and the like. Further it makes high quality effluent which is
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safe for human contact and provides the greatest number of private and public reuse opportunities

including irrigation of food crops, open-access landscape irrigation and industrial water.

Recommendation.

Finally recommend the concerned body to act forward for the practical completion of this process
design. (Including for separate release of the wastes per classes and as per standards).

Acknowledgement
First and foremost, I want to thank the all power full almighty God for giving me strength, patience

and guidance to go through this process design.

I would like to express my sincere gratitude to Prof. PERUMALLA JANAKI RAMULU, in School
of Mechanical, Chemical and Materials Engineering,
Adama Science and Technology University to help me in my way and mezan tepi university admin.to
facilitate for training of the ordinary waste treatment process in 2016 G.C conducted in ASTU HUB-
adama-Ethiopia. My thanks also to all those who offered me help in all stages of my training and process
design work.

List of Acronyms, Symbols, and Abbreviations

A -area working/cross-section heor
A-cross-sectional area. — total height raiseup of water by gravity .
Cv- heat capacity (kJ/mol.kg) h, — maximum Height of fluid can rise up

above relief valve.
d = effective depth from the top of a

reinforced concrete beam to the centroid of T P, —Pressure at point “’a’’/check valve/

the tensile steel . 't
T F., — tangemntial load at'cv

Da- Tip Diameter (mm
P (mm) P; — Pressure at point 1"’

d” = effective depth from the top of a
reinforced concrete beam to the centroid of

the compression steel p — density of fluid /

D- mean diameter for the coil.

| -free length(length) (mm)L = name for assumede water 1g/cc

length w,= unit weight t0 - operating temperature
M-mass U -Spring-Retained Energy Nemm
Q-quantity of heat (kj/mol) V — Speed (m/s)

Qd -Heat dissipated V = pitch-line velocity (m/s)

Qg -Heat generated (kj/mol) V_c= shear force capacity in concrete  Vm-
Surface speed
o-WeightPer Unit Volume ( kg/ [(mm) 73)

W -Mass of Moving Parts (kg)

p = density (kg/m”3)

IINRD2301176 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

© 2023 IJNRD | Volume 8, Issue 1 January 2023 | ISSN: 2456-4184 | IJNRD.ORG
References

1) Ethiopia: Acute Watery Diarrhea DREF operation n°® MDRET00619 March 2010

2) Guideline on cholera outbreak management, Ethiopian, May 2011 Addis Ababa Ethiopia. Ethiopian

Health and Nutrition Research Institute Federal Democratic Republic of Ethiopia

3) Peter Casey, Colleen Mackne, and Andrew Lake National Small Flows Clearinghouse, this fact sheet

was developed by Clement Solomon,.©1998 .

4) Kowalski, Ultraviolet Germicidal Irradiation Handbook, ,2009 DOI 10.1007/978-3-642-01999-9, 5)
Tresor Mosigo Rumba,A criteria selection of water treatment selection for rural African villages .a case
study of makwane village .University of Pretoria Department of industry and system engineering
Sept.2016

6)Matsinhe, N. (2008). Challenges and Opportunities For Safe Water Supply in Mozambique Department

of Water Resources Engineering, Lund Institute of Technology, Lund University.
7) DOI 10.1007/978-3-642-01999-9, Ultraviolet Germicidal Irradiation Handbook, Kowalski 2009.

8) Marseille, France. Using UV light for disinfection of drinking water dates back to 1910 in Marseille,

France.

9) "Ultraviolet light disinfection in the use of individual water purification devices" (PDF). U.S. Army
Public Health Command. Retrieved 2014-01-08.

10) Bolton, James; Colton, Christine (2008). The Ultraviolet Disinfection Handbook. American Water
Works Association. pp. 3-4. ISBN 978-1-58321-584-5.

11),(American air and water ultraviolet disinfection) UV dose 2014

12) Ashby Chart Prathamesh Surnisl, Dr. Pravin Kulkarni2 1Student, [PDF] Material Selection for Spur
Gear Design Using Ashby Chart — IRJET,Available from: http:// www.irjet.net » archives

13) ThyssenKrupp Materials (UK). Ltd © 2002 Available from: http:// www.Engineering .tomorrow
.together

14) Marshfield women recall building engineering marvels of the skies Archived 2014-12-17 at the Way
back Machine, Marshfield News Herald

15) Relief Valve Engineering Handbook Crosby Valve Inc. An FMC Corporation subsidiary Technical
Document No. TP-V300 Effective: May 1997 Crosby

16) Polishing Stainless Steel and Aluminum® Richard Widman/ Available from: http:// www.widman.biz

17) Calhoun, Fryor (November 1983). Duel for the Sun. Texas Monthly

IINRD2301176 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/
https://books.google.com/books?id=giwEAAAAMBAJ&q=crosbyton%20solar%20bowl&pg=PA199
https://en.wikipedia.org/wiki/Texas_Monthly

© 2023 IJNRD | Volume 8, Issue 1 January 2023 | ISSN: 2456-4184 | [JNRD.ORG
18) T. Kawasaki (*) - S. Kawai Division of Sustainable Materials, Research Institute for Sustainable

Human sphere, Kyoto University, Gokasho, Uji 611-0011, Japan Tel. +81-774-38-3670; Fax +81-774-38-
3678 e-mail: tkawasaki@rish.kyoto-u.ac.jp

19) Christopher A. Mattson and Carl D. Sorenson, Fundamentals of Product Development, 5th ed., 2017,
Self-published, p. 228-229, "Decomposition”,

20) Kuhn, D. Richard; Kacker, Raghu N.; Lei, Yu Introduction to combinatorial testing. Crc Pr Inc.
pp. 76-81. (2013). ISBN 978-1466552296.

21) Wu, Ling-ling; Barsalou, Lawrence W. "Perceptual simulation in conceptual combination: Evidence
from property generation™. (October 2009). Acta Psychologica. 132 (2):173-
189. CiteSeerX 10.1.1.164.6986. doi:10.1016/j.actpsy.2009.02.002. PMID 19298949.

22) The locus definition of a parabola , https://www.sfponline.org » Uploads > 3-1 Parabo.

23) Calculus Online Textbook Gilbert Strange / MIT Open Course. Available from: http:// www

ocw.mit.edu :

24) Fraunhofer: 41.1% efficiency multi-junction solar cells(28 January 2009).. http:// Renewable energy

focus.com
25) https://www.woodproducts.fi/content/plywood

26) Aris vourvoulias Head of Content GreenMatch.co.uk80-83 Long Lane, London, EC1A 9ET,
UK,Owned by AWM Network ApS (2020) tell: 020 3608 0130,Email us: info@greenmatch.co.uk

27) Kannan, Nadarajah; Vakeesan, Divagar "Solar energy for future world: - Areview". Renewable and
Sustainable Energy Reviews. 62: (1 September 2016). 1092-1105.d0i:10.1016/j.rser.2016.05.022. ISSN
1364-0321

28) Kannan, Nadarajah; Vakeesan, Divagar "Solar energy for future world: - A review". Renewable and

Sustainable Energy Reviews. (1 September 2016). 62: 1092-1105.d0i:10.1016/j.rser.2016.05.022. ISSN
1364-0321.

29) U.S. Plastic Corp. "GF PVC Cone Check Valves Type 561 & 562". www.usplastic.com.
30) U.S. Plastic Corp. "NIBCO® Chemtrol® TruUnion Ball Check Valves". www.usplastic.com.
31) "NEOPERL". Available from: http://www.neoperl.net.

32) Wright, Stephen. "Norval valve performance”. Northvale Korting. Archived from the original on
2009-04-27. Retrieved 2009-05-19.

33) "Check Valves". DFT Valves. Retrieved 2017-10-26.

34) Stop-Check-Valve , Available from: http:// www. constructionmanuals.tpub.com » css >

IINRD2301176 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/
https://en.wikipedia.org/wiki/CiteSeerX_(identifier)
https://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.164.6986
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.actpsy.2009.02.002
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19298949
tel:+442036080130
mailto:info@greenmatch.co.uk

© 2023 IJNRD | Volume 8, Issue 1 January 2023 | ISSN: 2456-4184 | INRD.ORG

35) Check-valves, Available from: http:// www .trupply.com > pages >

36) Fleming, Jennifer. "ValveMan Blog". ValveMan Brand VM6800 In-Line Check Valve- Product
Overview. ValveMan LLC. August 2012. Archived from the original on 2012-06-10. Retrieved

37) J.E. Shigley, Mechanical engineering design, 1st edition, McGraw Hill, New York, 1986.

38) Juvinall, Robert c., Fundamental of machine component design, third edition, John Wiley and sons,
Inc.New York, 2000

39)Dunnicliff, John]. Geotechnical Instrumentation for Monitoring Field Performance. (1993) [1988]
Wiley-Interscience. p. 117. ISBN 0-471-00546-0.

40) Deep Vadalia, Professor - Mechanical Engineeering at Government of Gujarat (2016-present)
Answered March 18, 2016

41) Calhoun, Fryor (November 1983). Duel for the Sun. Texas Monthly

42) http:// .www.healthline.com > health » what-temperature-kills-bacteria

IINRD2301176 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijnrd.org/

