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ABSTRACT

Jaggery traditionally called as Gur in India, is prepared by using sugarcane juice
and bagasse as raw materifllsy Bagasse is used to produce required amount of heat by
combustion in an open earthen furnace. Heat produced is used to boil the sug&eane ju
up to its striking point temperature to prepare jaggery. The energy loss due to inefficient
combustion process, the energy loss through exhaust gases, conduction, convection and
radiation energy losses from the furnace wall makes the conventionakagben pan
furnace agjuite inefficient unit Bagasse can be saved eithgmaking the process more
efficient or usingoy alternative sources of energy to produce heat required for the jaggery
making process. Bagassan beused as raw material for pagerd pulp industry and can
also be used as a raw material to produce the industrial process heat, thereby generating

additional money to the farmers.

In the present work, a modified process is proposed to substitute conventional
jaggery making process. $olenergy is proposed to usea source of heat eneigyplace
of bagasseat boil the sugarcane juice. part of the proposed modified procesdeing
implementeda heat recovery unit comprising a heat exchanger and a solar collector is
initially designed, fabricated and testedn algorithm was developed to design and
optimise the geometric parameters of shell and tube heat exchangers different
configurations. Based on this algorithm, a user defined progranmads in M.S. Excel
for different tube aangements (staggered and aligned). Based on the output of the program
staggered tube arrangement is chosen to manufaétaet.exchanger integrated with a

solar collector is being fabricated and tested to find its thermal performance.

It was observed fronthe experimental results that temperature of liquid in the
storage tank is steadily increasing and reaching to its maximum value by the evening time.
The Evacuated Tube Solar Collector during its one day of operation is founddii&eng
a maxmum tenperature ofiquid (water)nearly & C from 60 C . The heated liquid from
the ETSC wa used to preheat the secondary liquid in the Shell and Tube Heat Exchanger.

It was observed that the effectiveness of STHE is reaching to a maximum value of 0.74




when hot fluid (flowing through the tube) mass flow rate is 60 kg/h and cold fluid (flowing
through the shell) mass flow rate is 300 kg/h. Similarly it was reaching to an average
maximum value of 0.6508 when the mass flow rate of cold fluid is 60 kg/h and mass flow
rate of hot fluid is changing from 120 to 300 kg/h. Hence, it was concluded ¢hhe#t
transfer coefficients and hence the effectiveness of the STHE will be maximum when either
hot or cold fluid is set to be flowing at lower mass flow rate keeping the mass flow rate of

other fluid at higher values.
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Chapter1 INTRODUCTION

Jaggery is a traditional sweetener, mostly used in Asia, Africa and some countries
of America.lt is known by different names in thé&fdrent parts of the world such &ur
in India, Jaggery iMyanmar Burma) and African countrie®anela irMexico and South
Americg Naam Taan Oi in Thailand, Hakuru in Sri Lanka and Desi in Pakisiarmade
from sugarcane juice, palm saporghumand dates without removing molasses and
crystals.Sugarcane, a cash pras the most important crop for the production of sugar,
jaggery and khandsgi$tatus Paper on Sugarcane, 20167).

In the world, India is the second largest cultivator and producer of sugaftane
Brazil as shown inTable 1.1. Bazil usedan averagef 78.54 lakh hectareof area and
produced 6162.9%akh tonnes of sugarcane having yield of 78tdines per hectare in
200610. Whereas for the same periodilnon an average used 45.99 |aldttareof area
and produced 3124.42 lakbnnes having yieldf 67.93 tonnes per hectare. Colombia has
the highest yield average of 98.04 tonnes per hectare for the same period whicta means

drastic improvement is possible in the yield averagesaondldbe made in India.

In India, the area for the cultivation etgarcane has increased from. 76 lakh
hectare to 8.86 lakh hectare, yield has increased from 3018@nes per hectare to
70.09tonnes per hectare and productiorswgarcane has increased fron3.5@ lakh
hectares to 34282 lakh hectares from 19381 to 21011 respectivelys shown in Table
1.2 Therefore, we can say that the area, yald production of sugarcane hal®own an

upward trend.

Table 1.3represerdarea, production and yield of major sugarcane growing states
of India for the years 20089  201011. Uttar Pradesls the highest producer and
cultivator of sugarcane among Indian states. Andhra Pradesh, Gujarat, Karnataka,
Maharashtra, Tamil Nadu, Bihar and Uttarakhand are other major sugarcane cultivators and

producers.




Table 1.1: Area, production and yield of sugarcane in major growing countries (2008.0) (Status Paper on Sugarcane, 20167)

Country Area (Lakh hectare) Production (Lakh tonnes) Yield (Tonnes/hectare)

2006| 2007|2008| 2009| 2010|Average| 2006 | 2007 | 2008 | 2009 | 2010 |Average|2006/2007| 2008| 2009| 2010|Average,
Argentina | 3.2 | 3.2 |1 36| 35| 35 3.4 | 2645 | 239.6 | 269.6 | 255.8 | 250.0 | 255.9 |84.0|74.9| 74.9| 74.1| 71.4| 75.7
Australa | 42 | 411 38| 39| 4.1 4.0 | 371.3| 364.0| 326.2 | 302.8| 314.6 | 335.8 |89.5/89.1|85.7|77.4|77.7| 83.9
Brazil 63.6| 70.8|81.4| 86.2| 90.8| 78.5 |4774.1| 5497.1| 6453.0| 6916.1| 7174.6| 6163.0|75.1| 77.6| 79.3| 80.3| 79.0| 78.5
China 13.9]16.0(175|17.1|17.0| 16.3 | 933.1|1137.3| 1249.2| 1162.5| 1114.5| 1119.3|67.2| 71.2| 71.2| 68.1| 65.8| 68.7
Colombia| 4.1 | 41| 38| 3.8 | 3.8 3.9 | 384.5| 385.0| 385.0 | 385.0| 385.0 | 384.9 |93.8/93.9|100.4{101.5101.3 98.0
India 42.0|1 51.5|50.6|44.2|141.7| 46.0 |2811.7| 3555.2| 3481.9| 2850.3| 2923.0| 3124.4|66.9| 69.0| 68.9| 64.5| 70.1| 67.9
Mexico 6869677170 6.9 506.8 | 520.9 | 511.1 | 4949 | 504.2 | 507.6 |74.5|75.4| 76.4|69.7| 71.6| 73.5
Pakistan | 9.1 | 10.3|12.4| 10.3| 9.4 | 10.3 | 446.7 | 547.4| 639.2 | 500.5| 493.7 | 525.5 |49.2|53.2| 51.5| 48.6| 52.4| 51.0
Philippinesf 3.9 | 3.8 | 40| 40| 3.6 3.9 | 315.5| 320.0| 340.0 | 325.0 | 340.0 | 328.1 |{80.4|83.6| 85.4|80.5| 93.7| 84.6
Thailand | 9.4 | 9.9 |10.3] 9.3 | 9.8 9.7 | 476.6 | 643.7 | 735.0 | 668.2 | 688.1 | 642.3 [50.6/65.3| 71.4| 71.7| 70.4| 66.0
Others | 47.3|47.6[48.2|48.8|46.0| 47.6 |2939.1| 2951.0| 2950.8| 3009.2| 2757.3| 2921.5|62.2| 62.0| 61.2| 61.7| 60.0| 61.4
World 207.4{228.1]1242.3238.21236.6 230.5 [14223.916161.117341.016870.316945.1 16308.2/68.6| 70.8| 71.6 | 70.8| 71.6| 70.7




Table 1.2: Area, production and yield of sugarcane in India(Status Paper on
Sugarcane, 2016L7)

Year Cultivation Area Production Yield
(Lakh hectare) (Lakh tonnes) (tonnes/hectare)
193031 11.76 363.54 30.90
194041 16.17 519.78 32.10
195051 17.07 548.23 32.10
196061 24.15 1100.01 45.50
197071 26.15 1263.68 48.30
198081 26.67 1542.48 57.80
199091 36.86 2410.45 65.40
200001 43.16 2959.56 68.60
200102 44.11 2972.08 67.40
200203 45.20 2873.83 63.60
200304 39.38 2338.62 59.40
200405 36.62 2370.88 64.80
200506 42.01 2811.72 66.90
200607 51.51 3555.20 69.00
200708 50.55 3481.88 68.90
200809 44.15 2850.29 64.60
200910 41.75 2923.02 70.05
201011 48.85 3423.82 70.09
Averagé 44.41 2960.13 66.65

Average*indicates the average was taken for the year-220tb 201611.




Table 1.3: Area, production and yield of sugarcane in major growing states of IndigStatus Paper on Sugarcane, 20167)

Area (Lakh hectare)

Production (Lakh tonnes)

Yield (tonnes/hectare)

=-No. | State 200809 | 200910 | 201611 | 200809 | 200910 | 201611 | 200809 | 200910 | 201611
1 Andhra Pradesh| 2.00 1.58 1.92 153.8 117.1 149.6 76.90 74.11 77.92
2 Gujarat 2.20 1.54 1.90 155.1 124 137.6 73.03 80.52 72.42
3 Karnataka 2.80 3.37 4.23 233.3 304.4 396.6 88.65 90.33 93.76
4 Madhya Pradesli 0.71 0.60 0.65 29.8 25.4 26.7 42.40 42.33 41.08
5 Maharashtra 7.70 7.56 9.65 606.5 641.6 818.9 81.29 84.87 84.86
6 Tamil Nadu 3.10 2.93 3.16 328 297.5 342.5 108.15 101.54 108.39
7 Bihar 1.10 1.16 2.48 49.6 50.3 127.6 32.44 43.36 51.45
8 Haryana 0.90 0.74 0.85 51.3 53.4 60.4 63.29 72.16 71.06
9 Punjab 0.81 0.60 0.70 46.7 37 41.7 60.27 61.67 59.57
10 Uttar Pradesh 20.80 19.77 21.25 1090.5 1171.4 1205.5 57.12 59.25 56.73
11 Uttarakhand 1.10 0.96 1.07 55.9 58.4 65 62.02 60.83 60.75
12 West Bengal 0.20 0.14 0.15 16.4 10 11.3 74.71 71.43 75.33

Others 0.78 0.78 0.84 33.4 32.6 40.4 64.60 70.00 70.10




Theutilisation of sugarcane for different purposes for the year ZD@ 201011
has been shown in Table 1.4. There is quite variation inutihgation of sugarcane for
different purposes so by taking the average, it can be concluded that 64.87% of the
sugarcane wassed for the production of white sugar, 11.82% of the sugarcane was used
for seed, feed and chewing and rest was used for the production of Gur and Khandsari. On
an average 23.05% of the sugarcane was used for the production of Gur and Khandsari for
200001 to 201611.

Table 1.4: Utilisation of sugarcanefor different purposesin India (Status Paper on
Sugarcane, 2014.7)

Producti Cane used for (Lakhtonnes) Ppergccﬂ;[zgﬁ SI”?:ggrf%?ne
on of . Seed . Seed
Year | Sugarcan| Productio feed & Gurand | Productio feed & Gur and
e (Lakh | n of white . Khandsa | n of white . Khandsa
tonnes) sugar chewin ri sugar chewin ri
g, etc. g, etc.
200001 | 2959.56 | 1766.60 | 339.30| 853.66 59.70 11.50 28.80
200102 | 2972.08 | 1803.46 | 347.24| 821.38 60.70 11.70 27.60
200203 | 2873.83 | 1943.65 | 335.24| 594.94 67.60 11.70 20.70
200304 | 2338.62 | 1325.11 | 278.30| 735.21 56.70 11.90 31.40
200405 | 2370.88 | 1247.72 | 282.13| 841.03 52.60 11.90 35.50
200506 | 2811.72 | 1886.72 | 334.59 | 590.41 67.10 11.90 21.00
200607 | 3555.20 | 2792.95 | 423.07| 339.18 78.60 11.90 9.50
200708 | 3481.88 | 2499.06 | 405.25| 501.26 71.80 11.60 16.60
200809 | 2850.29 | 1449.83 | 338.33| 1062.13 50.90 11.90 37.20
200910 | 2923.02 | 1855.48 | 347.84| 719.70 63.50 11.90 24.60
201011 | 3423.82 | 2398.07 | 407.43| 618.32 70.00 11.90 18.10
Average*| 2960.13 | 1920.21 | 349.94| 682.36 64.87 11.82 23.05

Average* indicate the average was taken for the year 20010 201611.

Per capita consumption of sugar, gur and khandsari in imdigen in Table 1.5. It
was found that the consumption of sugar wasaased by ten times from last falegcades
and at the same time the consumption of gur and khandsari is almost same and constant.
The consumption of gur and khandsari is likely torfoeeased ithenear future due to the
awareness of medical illness with high consumption of sugangrnhe people and makes

themshift towards the substitutes of sugar like gur and khandsari.




Table 1.5: Per capita consumption of sugar, gur andkhandsari (Status Paper on
Sugarcane, 2016L7)

Populatio | Consumption (lakh Per capita Total per capita
nin tonnes) consumption consumption of
Year Million (kg/annum) sugar, gur &
(As on I Suaar Gur & Suaar Gur & khandsari
March) 9 Khandsari 9 Khandsari (kg/annum)
196061 439 21.13 66.87 4.8 15.2 20.0
197071 546 40.25 74.37 7.4 13.6 21.0
198081 684 49.80 85.22 7.3 125 19.8
199091 846 107.15 90.71 12.7 10.7 23.4
200001 1029 162.00 86.09 15.7 8.4 24.1
200102 1043 167.81 83.11 16.1 8.0 24.1
200203 1060 183.84 56.94 17.3 54 22.7
200304 1077 172.85 71.46 16.0 6.6 22.6
200405 1093 185.00 81.75 16.9 7.5 24.4
200506 1106 189.45 57.39 17.1 5.2 22.3
200607 1122 201.60 33.38 18.0 3.0 21.0
200708 1138 220.00 50.93 19.3 4.5 23.8
200809 1154 230.00 107.92 19.9 9.3 29.2
200910 1170 210.00 73.12 17.9 6.2 24.1
201011 1186 207.36 59.94 17.5 51 22.6
Average 1115 197 68 17.65 6.06 23.71

Average*indicatesthe average was taken for the year 20@1o 201011.

With theenhancemenn theper capita income and improvemanthe standard of
living, demand has been shifted from jaggery and khandsari to €bigéwms Paper on
Sugarcane, 2016L7) as shown in @le 1.5 The consumption of sugar has increased in
the urban areas whereas rural areas still consume Gur and KhdBdstus Paper on
Sugarcane, 2016L7). In 196061, per capita consumption of sugar waskgjerannum
and of Gur and Khandsari was 1&@perannum has shifted to 17k§ perannum and 5.1
kg perannum respectively. Therefore, it can be concluded that in the coming debades

consumption of Gur and Khandatri is going to show a downward trend.

India is largest sugar consumerintheworldl ndi an sugar i ndustr
second largesagriculturebasedorgansed industry aftertextile industry.Cultivation of
sugacanehas less risk and it assures some return to farmeen in adverse climatic
conditions or market situations. Asipa survey report of 20401, sugar and jaggery based
industriesare providing huge amount of employment either directly or through its ancillary

units to the rural people. Around 50 million Indian farmers and their families are directly
6




involved in the altivation of sugarcane and around 0.5 million unskilled and skilleditabo
are involved in Indian sugar factories asdgarrelatedindustries(Status Paper on
Sugarcane, 2014L7).

A comparison ofhenutritional value of the Jaggery, Khandsari and $igygshown
in Table 1.6 Jaggery contains 686% sucrose, 205% reducing sugars, 0.4p6oteins
0.1% fats, 310 gm moisture and 0-6% minerals in which Calcium isf@g, Phosphorus
is 4mg and Iron is 1Ingwhereassugar contains 99.5% sucrose, 0.05% mailseand 0.2
0.4 gm moisture. Khandsari is produced by two different methods one is Sulphur process
and other isnonsulphur process. The nutritional value of the khandsariymexiby both
processes are santhere is difference in moisture content amgergy content. Khandsari
contains 97.5% sucrose, 0.05% minerals in which Calcium isrd§0So, it can be

concluded that the jaggery is more nutritional than khandsari and sugar.

Table 1.6: Nutritive value of jaggery, Khandsari and sugar per 100 gnfRaoet al.,

2006)
Particulars Jaggery Khandsari Sugar
Sulphur Process | Non-sulphur process

Sucrose 65-85 97.5 96 99.5
Reducing sugal 10-15 - - -
Proteins 0.4 - - -
Fats 0.1 - - -
Total Minerals | 0.6-1 0.05 0.2 0.05
Calcum, mg 8 100 100 -
Phosphorus, mq 4 - - -
Iron, mg 11 - - -
Moisture, g 3-10 0.3 0.5 0.2-0.4
Energy, Kcal 383 395 388 398

Sugar can't be digested without Calcium and Potassinchas it does not contain
both the mineraldhereforeit takes both of them from the body. Therefore, because of the
presence of all these nutritional values, Jaggery is also known as medicinal sugar. Jaggery
purifies blood, prevents rheumatic afflictions and bile disorders. There are many other
health benefs of jaggery(Rao et al., 2006)




1.1 Conventionaljaggery making process

Figurel.1 shows the process flow of conventional jaggery making procetise
converional jaggery making procesk2-15 workersareengaged in different activities at
any point oftime. It is a bach process. In one batch 2800 kg of jaggey is being
produced. Aound 45 jaggery making batches are carried tluibughout the day i.e.
producing 11.25 tonnes of jaggery every dihiralkar et al., 2014)

The conventionghggery makng process consists of the following steps:

1.1.1 Juice Extraction:

Juice extraction ithefirst stage of the jaggery making processshown irFigure
1.1 Sugarcane juice is extracted by crushing sugarcane in a cane cBagjasse comes
as a byproduct ohe crushing procesas shown irFigurel.2 Bagasse is then laid down
in open area for solar or sun dryingter,this dried bagasse is used as fuel for the boiling

furnaceas illustratedn Figurel.2

Sugarcane

|

Juice Extraction —— Bagasse(by-product)

L_, Light fraction comprising wax, carbon,
Settling undesirable solid particles etc.
—» Mud bottom

Boiling with added clarification
and removal of scum

Hot thick sugarcane syrup

4

Cooling and Moulding

!

Solid jaggery
In different shapes

|

Storage

Figure 1.1: Process flow chart of jaggery making proces@Rao et al., 2006)




Mostly three roller cane crushefisorizontal or vertical) aresed as a sugar cane
crusher by the farmergiorizontal tiree roller cane crushers are preférover vertical
three roller cane crushers as its juice extraction efficiency is hagiteis around 560%
The juice extraction efficiency can be increased t@80% in sugar mills with the help of
multiple crushing and hot watdn general, farmers daot pefer mixing of hot water due
to

I.  An aditional amount of heat energy is required to prepare the hot water.

ii. Latent heat is required &vaporatdot water from the sugar cane juice.

As both the above two pointsicreases the production cost of jaggehych is not
proportionatett he amount of jaggery produced ther e

to increase the juice extraction efficiency.

1.1.2 Settling:

The extracted sugarcane juice is collected in a masmttyng tank where it rests
for some time for the separation of light and heavy particles from sugarcanassicewn
in Figurel.l So thdight particles can be removed from the upside of the settling aak
mud and other heavy particles can beaeed from the bottom-rom the middle part of
the settling tankthejuice is transferred to the boilifganwhich is being filled up to 1/3

of its total capacity.

1.1.3 Boiling:
The clear juices then heated using bagasbgproduct during juice extractiomys
the fuel in theopen eartnpan furnaces shown irlFigure1.2 The entire boiling process

can be divided intthreestagegJakkamputi and Mandapati, 2016):

a) Sensible heating up to 100°Clt is the first stage of boiling process. During this
process, ansible heat i.e. the amount of energy required to heat the sugarcane juice
from room temperature to its boiling temperature, is supplied. The heat energy
supplied in this process is around 6.08% of the total heat energy required to make

the jaggery fromggarcane juice.




Sugarcane
Floating Residue Jaggery

y

53 wn| — O U
) Additives U U
Sugarcane Juice l

4

% Combustion Gases
& Boiling Pan to Chimney
- 1
. Open. Sun Bugasse J| Open Earth Furnace |—— Ash
Drying le—— Atmospheric Air

Figure 1.2: Block diagram of conventional pggery making procesgJakkamputi and
Mandapati, 2016

b) Latent heating at 100°C:It is the second stage of boiling process. During this
process latent heat i.e. the heat energy required to evaporate the water in the
sugarcane juice at 100°C is supplied to the sugarcane juieguires the major
amount of total energy and is around 39.22% of the total eseppfied

c) Sensible heating up to siking point (118°C): It is the last stage in the boiling
process. During this process, sensible heat required to increase the sugarcane
temperature from 100°C to its striking point (the moment when the sugarcane juice
becomes semisolid and naticky to tke boiling pan) is suppliedt is around 0.1%

of the total energgupplied

Additives/Clarificants are also added during the boiling process tprove the
quality of jaggery, itstorabilityand its acceptabilityEarlier natural additivewere used
like mucilage of bhidi, chkani, kateshevaretc (Rao et al., 2006) But now a days
emphasis is given on chemical additivese common chemical additives added are Lime
(Calcium OxideCaO), Hydros, super phosphate, phosphoric acid, chemiflocks and alum
(Raoet al., 2006; Shiralkar et al., 2014)

Lime is the most common additive to clarify the boiling sugarcane juice. When lime
(Calcium Oxide) is mixed with water, it converts into Calcium hydroxide. As Calcium is a

complexing agent therefore it forms scum evhneeds to be removed time to time from the
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boiling sugarcane juice. Addition of Lime increases the pH of boiling sugarcane juice and
improves consistency of the jaggery by increasnygtallisationof sucrose. Butheexcess
addition of lime darkens theolour of the jaggery. The amount of lime addition depends
upon quality ofiime, quality of sugarcane juice amdpurities. Hydros, a bleaching agent,

decolourises the boiling juice.

The aldition of these additives or clarificants results in the formatf@tum which
needs to be removed time to time. Generally, this scum needs to be removed at three
different stages. And if not removed then degrades the quality of the jaggery. Therefore,
multiple effect evaporation concept performed under closed comslipoactied in

chemical industriecan’t be adopted for sugarcane juice hedtsigralkar et al., 2014)

1.1.4 Cooling and moulding:

After the boiling process, the hot syrup is then transferred to wooden or aluminium
moulds or earthen pots to solidiffhe end point of boiling is checked by takiagmall
guantity of the hot syrup and cooling it in cold water and finally shaping itafitiger. A
small quantity of the mustard oil or ground nut oil is sprinkled to prevent excess frothing
and also to mak hot syrup easily flowing during transfer from one container to the other
container.The shape and size of moulds or pots vary according to the required shape and

size of the jaggery.

1.1.5 Storage

Storage is not a direct stage of jaggery making process tuthgaggery and
khandsari are prone to moisture in the Amd a lot of jaggery and khandsari is wasted by
not properly storing it. Therefore, before the end use it is being given as the last stage of

jaggery makingrocess
1.2 Purposeof thermally efficient conventional jaggery makingprocess

(Solomon, 2011has pointed out any reasons to increase tinermalefficiency

of jaggery making proceswhichareas follows:
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Vi.

Vil.

Valuable products can bmadefrom thewaste material of sugarcane byproducts
like pulp and paper, different types of panel or insulating boards, biogas,
bioelectricity, ethanol, alcohol and so on.

More employment opportunities can be providedalsugarcane byproducts based
industry

Economic status of sugarcane growers and workers camgreved by paying
higher prices of sugarcane crop.

Pollution load can &minimised by utilising sugarcane Iproducts (bagasse and
molasses).

General economy of the sugar industaynde improved by setting up frpduct
based industry.

Sugarcane byproducts can alsoubiésed forthe combustion process in different

industries.

As the international trade of sugar has been decreased due to higher production cost

of sugar in the countryStatus Paper on Sugarcane, 20167). So, it seems a

profitable venture.

1.3 Heatrecovery unit

The proposecheat recovery unitonsiss of a solar collector and a heat exchanger.

The primary fluid (WaterGlycerine Isobutengetc.) flow through the solar collector and

aborbs solar energy. The higamperaturgrimary fluid from the collector flows through

the heaexchanger where it transfers heattte sugarcane juic&o, the whole process can

be broken into two separate processes:

1) Heating of the primary fluid with the help of solar collector (FPC or ETRS@)rel.3

2) Transfer of this heat energy to the secondary fluid (sugarcane juice) with the help of a

heat exchangd¥igurel.3 (b).
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Figure 1.3: Heat recovery unit (a) Heating of primary fluid with the help of FPC or
ETSC and (b) Circuit where primary fluid is moving and interacting with sugarcane

juice

The block diagram of the solar collector (FPC or ETSC) interacting with the solar
radiation is shown ifrigure1.3 (a). The flow diagram of a circuit whe primary fluid is

moving and exchanging heat energy with sugarcane ipgl@own inFigure 1.3(b).

1.3.1 Solar Energy
A tiny fraction of the solar radiation incident on the eacdn satisf t he wor | d
total energy requirementhis great potential of éhsolar energy has made researclosris

for technologies tatilise this vastinexhaustible energy resource.

The sandard value of solar constant (solar constant is the energyteosun, per
unit time received by unit area ofhe surface perpendicai to the radiation, in space at
the earthoés mean di st g(@argetd.r2018 t he sun) i s

132 Radi ation at the Earthés Surface

The X-rays and otherery shortwave radiations of the solar spectrum are absorbed
highly in the ionosphere by nitrogen, oxygen and other atmospheric compditentsone
layerabsorbs most of the UV ray§hewavelengtt onger t han about 3.0
byCOhand HOi.e.onlyvery i ttl e energy beyond 3fro;h em r e
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theapplication of solarenergg nl y r adi ati on of wavelength
to be considered.

This solar radiation is transmitted through the atmosphere and undengogs
variationsdue to scattering and absorption. A portion of solar radiation and some scattered
radiation reaches the ground ddfuse radiation. There wilalways be some diffug
radiation, even at the timaf very clear sky. The amount of depletion of solar radmatio
depends upon the amount of dust particles, water vapour, ozone content, atmospheric

pressure, cloudinesstc., and on solar altitude.

Areas lying on the earth between 35° N to 35° S latitudes receive maximum solar
radiation(Garg et al., 2013) India isamongcountries whaare blessed thave sufficient
amount of solar radiationt is located north ofhe equatobetween8°4' to 37°6' latitude
(Wikipedia oganization, 2017)

1.3.3 Solar Thermal Systems

Various solar energy collection and conversion systbkeswater heaters, air
heaters, solar aronditioning and water distillation systems, green houses, solar stills, solar
cookers, solar dryers and solarfacesetc, have been developefiolar thermal systems
have been found to be economically mostaattve in actual applications. In all such

systems, a solar collector is the most important element.

Solar Thermal Systems

Non-concentrating Concentrating
Collectors Collectors
Flat plate Evacuated Tube Parabolic Trough Parabolic Dish
collectors Solar Collectors Collectors Collectors

Figure 1.4: Classification of solar water heater
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A solar collector is a special kind of heat exchangat tansforms solar radiation
into heatenergy Several designs of the solar collectors have been developed. They can be
broadlyclassified as concentrating collectors aod-concentratingollectorsas shown in

Figurel.4in case of water heaters

1.3.4 Concentrating Collectors

Parabolic dish collectors and parabolic trough collectors are examples of
concentrating collectorsThese collectors consist of a device to aemtrate the solar
radiation ona small absorbing surfacehls theyare capable of dekring very high
amountheat energyo the fluid thus, increasing the temperature of the flargy high which
is notpossible withnon-concentrating collectors'he losses from the collector are lower
due to small area of the absorbing surfadeey requre a tracking mechanism to follow
the sunds movement s 0 tb tha absotbihgesurfac®dringat i o n

diffused radiationthese colletors are not effective

1.3.5 Non-concentrating Collectors

These collectors are designed for application ireguenergy at low to moderate
temperatures (up to about 100 °C). These devices are mechanically simpler and use both
direct and diffuse radiatiorklat plate collectors and evacuated tube collectors are some
examples of nowwoncentrating collectors. Thegollectors mainly consist of an absorber
surface on which the solar radiations fall. Thus, they are capable of delivering a temperature
below 100°C. The losses from the collector are more as compared to the concentrating
collectors, due to large area thfe absorbing suate. They don't require aryacking

mechanism. These collectors are more effective even during diffused radiation.
A. Flat Plate Collector

A flat-plate collector is installed at fixed position facing the sun at an optimum
inclination tothe horizontal depending on the latitude of the locatWater heating is its
majorapplication which can be used fdifferent purposes like domestic use (cleaning of

utensils, clotks and bathing)ndustrial use (colouring, heating of secondary fluedd:

As shown irFigurel.5, aflat plate collector consists of five componeagsollows
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I.  Cover plate: Its work is to entrap shoewave solar radiation falling on it by
transmittingand convertinghem into long wave radiationsFor the long wave
radiatons, it works as an opaque surface. Glazing is done on it, to increase its

efficiency. Toughened glassnd transparent plastic covers ased as coveslate

Inlet

_— Cover plate
connection

Outlet
connection

Flow tubes -

Absorber plate — :

Header Pipe —

Insulation -~

Figure 1.5: Flat plate collector

ii.  Absorber plate: Its work is to absorb all the solar radiation falling on it and
transmitting it to the tubes. It is mainly made up of Copper (Selective coating
of black chrome, iskel black, copper oxidestc, is being done on it to increase its
efficiency.

iii.  Flow tubes Its work is to transmit the energy taken from absorber plate to the fluid
flowing through it. It is also made up of Copper (Clilese are connected to the
storage tank where hot water is being kept, through header pipes.

iv.  Insulation: Its work isto stop transmission dhe heat energy throughe bottom
and side surface#/ainly made up of glass wool, rockwool and so on.

v. Enclosure Its work is to suppoithe abovementioned components and isde up
of iron sheet, wood.

B. Evacuated Tube Solar Colletor

Evacuated tube solar collectors are very efficient and can achieve very high
temperaturesTheyare weltsuited to commercial and industrial heating applications and
can be an effective alternative to flalaite collectors for domestic space heategpecially

in areas where it is often cloudy.
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It contains several rows of glass tubes connected to a header pipe. Each tube has the

air removed from it (evacuated) to eliminate heat loss through convection and conduction.

Inside the glass tube, a flat curved alumirmum or copper fin is attached to a metal pipe.

The fin is covered with a selective coating that transfers heat to the fluid that is circulating

through the pipe. There are two main types of evacuated tube collectors:

1)

2)

Heat pipe evacuatedube ollectors: Heat pipe evacuated tube collectors contain

a copper heat pipe, which is attached to an absorber plate, inside a vacuum sealed
solar tube. The heat pipe is hollow and the space inside is also evacuated. Inside the
heat pipe is a small quantity laquid, such as alcohol or purified water plus special
additives. The vacuum enables the liquid to boil at lower temperatures than it would
at normal atmospheric pressure. When sunlight falls the surface of the absorber, the
liquid in the heat tube quitkturns to hot vapar and rises to theop of the pipe.

Water or glycolflows through a manifold and picks up the heat. The fluid in the
heat pipe condenses and flows back down the tube. This process continues, as long

as the sun shines.

Since there is ddry" connection between the absorber and the header,
installation is much easier than withpipedirect flow collectors. Individual tubes
can also be exchanged withom@tying the entire system osifluid and should

one tube break, there is little ract on the complete system.

Heat pipe collectors must be mounted with a minimuinatigle of around 25°

for the internal fluid of the heat pipe to return to the hot absorber.

Direct-flow evacuatedtube collectors: There are different arrangements okdir
flow evacuated tube collector:

a. U-pipe water in glass evacuated tube collector: It consists of two pipes inside
the evacuated tube that run down and back in Hséape. One pipe is for
inlet fluid and the other for outlet fluid. Since the fluid flowsand out of
each tube, the tubes are n@placeable. They are cheap comparefiato

plate collectors
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Figure 1.6: Working of water in glass ETSC (a) without a reflector and (b) with a

reflector.

b. Water in glass evacuated tube collector: Watdtejst directly inside the
evacuated tubes. Convection phenomenon takes plabedting of water
as shown irFigure 1.6. Since these tubes ar@eattly connected with the
storage tankthereforeinstallation is much easier than withpipe direct
flow collectors.But individual tubes camhbe replaceavithout emptying the
entire system of its fluid. Ibne tube breathe entire system is going be
empty. It is easy to use and is cheap compared to flat plate collector. Mainly

it is used for domestic water heating purposes.

1.3.6 Heat exchanger

Heat exchanger is a deviased to transfer hebetween twdluids; a hot fluid and
a cold fluid The aim mg either to add heat to cold fluid or to remove heat fromhtite
fluid. Different kinds of heat exchangers have been developed. They can be classified
depending upon their applicatias shown irFigure1.7. Theyfind various applications in
automobile rdiators condensers and evaporatorsrefrigeration andair conditioning
units boilers, condensers, super heaters, air preheaterscandmises of power plants

etc. The heat exchangeare classified as followdumar, 2015).
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| Heat Exchanger Classification |
| Nature of heat exchange process | | Arrangement of flow path | | Design and other constructional features |
Direct contact or —-I Parallel or co-current | Mechanical I Concentrictubes |
—] open heat | | design of heat
exchangers exchange ‘ Shell and tube
R Counter flow or surface
counter current Multiple shell
and tube passes
Physical state
of heat
exchanging
fluids

Figure 1.7: Classification of Heat exchanger

A. Based on the nature of heat exchange process, heat exchangers are classified into
three categories:

a. Open or direct contact type heat exchangéhere is continuous heat and
mass transfeby complete mixing of hot and cold fluid. Its use is restricted
to situations where mixing between hot and cfidd is harmless and
desirableExamples are water cooling towers.

b. Regeneratorsype heat exchanger#ts operation is intermittent. Heat is
accumulated in a certain medium known as matrix by passing hot fluid.
Subsequently, this heat is transferred to the cold fluid by allowing the cold
fluid to pass throughhe heated matrix. In case of abhg matrix, the
process is continuous. Agaiits use is restricted to condition that hot and
cold fluid mixing is harmless and desirable.

c. Recuperatotype heat exchanger§he hotand cold fluid flow is separated
by a wall. And the heat transfer takes place in the order. Theae is
convectionphenomenno to transferheat between hot fluid and wathen
conduction phenomena to transfer heat through the wall followed by again
convection phenomena to transfer heat between wall and cold fluid. There

is no mixing of fluids.
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B. Based on the relative directionmbtion of fluids heat exchangers are classified as
follows:
a. Parallel or cecurrent type heat exchangeBoth the hot and cold fluids
enter, flow andleave in the same direction
b. Counterflow or counter current type heat exchangdémsthis hot and cold
fluid enter, flow and leave in the opposite direction.
c. Cross flow type heat exchangerot and cold fluid enter, flow and leave it
at right angle.
C. Based on the design and other constructional features heat exchangers are classified
as follows:
a. Mechanical @sign of heat exchange surface

i. Concentric tubesTwo concentric tubes are used for carrying fluids
one for each. The flow direction may be same or opposite.

ii. Shell and tubeOne fluid is carried through a bundle of tubes
enclosed by a shell. The other fluglforced to pass through shell
over the outside surface of tubes. The flow direction for either or
both the fluids may change during its passage throughsitell and
tube heat exchangesshown in theFigurel1.8.

b. Physical state of heat exchangingface

i. CondenserThe hot fluid changes its phase from vapour to liquid
during its passage.

ii. Evaporator Cold fluid changes its phase from liquid to vapour

during its passage.

Tube Shell
outlet inlet

T l Baffles
Il
I 7
- X0
- 7 Y
I T v
[T / ~ ~
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™ A 7 = 7
T~/ :

Shell Tube
outlet inlet

Figure 1.8: Shell and tube heatxchanger
20




1.4 Need of the study

The energy shortage has now become a worldwide critical problem. Looking to the
energy crisis, it is important to find alternative resources to replace conventional fuel energy
and also to reduce the conventional fuel energgei$2onsequently, intensive efforts should
be made to reduce tlemergyconsumption fodifferent processes. As the conventional jaggery
making process is thermally inefficient. Therefore, there are different ways to make it thermally
efficient like use ofexhaust gases or solar energy, either to preheat the sugarcane juice or to

preheat the air entering the furnace andaismlar energy to dry the basge
1.5 Objectives

In order to replace the use of dry bagasse as raw material for heating of sugarcane
juice a renewable source of energy i.e. solar energy based conversion system is proposed
in the present studytollowing are he mainobjectives ofthe presenstudy.

1) Design, fabricatiorand instakition ofa shell and tube heat exchanger used to transfer

enegy from primary fluid(water)to sugarcane juice.
2) Installation of an evacuated tube solar axthe to absorb solar energy.

3) Testing and Performance analysis of heat recovery unit (combination of solar collector

and heat exchanger) to transfer heat energhaggery making process.
1.6 Organisation of thesis

The work presented in the report has besganisd as follows:
Chapter 1: Introduction

The conventional jaggery making process was introduced in this chapter. The
general losses associated with this proeesisthe possible methods to improve its thermal

efficiency were discussed. Objectives of the present study have been stated.
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Chapter 2: Literatur e review

Various studies done on improvement of thermal efficiencies of Jaggery making
units, Flat Plate Cddictors, Evacuated Tube Solar Collectors and Heat Exchangers have

been discussed in this chapter.
Chapter 3: Designand fabrication of heat exchanger

An algorithm was developed to design a Shell and Tube Heat Exchanger in two
different tube configurationsAligned grid and Staggered grid. Two configurations of
STHE were theoretically studied based on the results obtained from this algorithm. STHE
with Staggered tube grid was being selected for the experimental work based on the results
of obtained from algathm. The design values of the STHE are also presented in this
chapter. The geometries of the staggered STHE made in SOLIDWORKS were presented.

At the end images of the fabricated staggered STHE are shown in this chapter.
Chapter 4: Development of experimatal setup and experimentation

The experimental setup was developed after selecting the ETSC for heating of the
primary fluid (water), designing and fabricating of the STHE. The methodology of the

experimentation is also presented in this chapter.
Chapter 5: Results and dscussion

This chapter contains performance study of both heat exchanger and ETSC. Heat

exchanger was beirgptimised based on the results obtained from the experimentation.
Chapter 6: Conclusion

In this chapter, conclusions were made basedhe experimental results and the

future scope of the work is recommended.
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Chapter 2 LITERATURE REVIEW

With the rapid increase in population and economic growth of countries worldwide
and especially in the tropical regiofitsis important thaefficienttechniques are deployed
to reduce energy consumption. Efficient processes with the help of techn@ldgge the
energy consumption significantly. Modified processéising waste heat recovery and
solar energy can be very promising from the economintpdf view in the long run.
Bagasse which is used as fuel for conventional jaggery making preaegsbe used in
different industries for producing useful produdsreview of thecomprehensive study
carried outon the different methods to improve théaérmal efficiency of jaggery making

processs presented in this chapter
2.1 Difficulties with the conventional jaggery making process:

The thermal efficiency of the furnace depends mainly on the flow patterns inside
the furnace, which are highly nageal innature because of the irregular geometries of the
units. Chimney height, chimney top and bottom diametersace depth, area of air inlet
and outlet, and orientation of furnace air inlet and duct are several design and operating
parameters that influeacthe flow patterns inside the furnace. The construction of the
jaggery making units are being done by the local artisans based on their past experience
and not based on the proper designing skills of the units. Therefore, the thermal efficiency
of the jagyery making units, is very less. Many research scholars have stated that there is a
lot of scope for saving more bagasse in many of the existing jaggery making units. Many
parameters which reduce the efficiency of the jaggery making units, are as follows:

1) It contains significanamount of water around 20% even after drying in the open solar
radiation(Agalave, 2015)Energy is lost to evaporate this water from the bagabkszd
makes the combustion procdsss efficienfMunsamy, 2008)

2) The pan used to heat the sugarcane juice is not properly designed so it takes a lot of

energy to transfer heat from furnace to sugarcane (Agalave, 2015)
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3)

4)

Improper sizing of chimney results in decreasiogbustion efficiency of open earthen
furnace sed for conventica jaggery making procegShiralkar et al., 2014) As
radiation is the main cause of the heat transfer to the pan and is a strong function of
temperature. Therefore, in case of oversized chimney following problems can be
encountered:

a) It requires extra energy to heat this extra air present in the furnace and it requires
extra feeding of the bagasse to maintain the flame temperature.

b) If bagasse feeding is not matched with the increased air flow rate then it increases
the batch period becamisof the low flame temperature resulting in the less
production.

Energy lost through combustion gases fromdpen earthen furnads around 30 to

35% of the total energy supplied which is not baititised (Manjare et al., 2016)

Hence, the overall theral efficiency of the conventional jggry making process is

very poor

2.2 Possible solutions

There are many ways to improve the thermal efficiency of the conventional jaggery

making process as follows:

1)

2)

3)

4)

5)

For removing moisture or dewatering the bagasse, eithee diffuser can be used
(Munsamy, 2008)or solar drier (solar air heater) can be ugéakkamputi and
Mandapati, 2016 or both can be used.

Fins can be provided at the bottom of the main pan and gutter pan for efficient heat
transfer from furnacAnwar, 2010; Agalave, 2015)

By blocking excess air from entering the furnace by the use of dampers at the air inlet
of the furnace or at the exit of the chimr{&hiralkar et al., 2014)

By preheating the sugarcane juice with the help of the exhaust gasesabiirtiney
(Manjare et al., 2016)

By preheating of the air entering the furnace with the help of the exhaust gases of the

chimney(Jakkamputi and Mandapati, 2016).
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Non-conventional sources of energy like solar energy a0 be used as a
substituteof bagassein the conventional jaggery makingrocess(Jakkamputi and
Mandapati, 2016. Solar energy can be used:

1) To preheat the agntering the furnace
2) To remove the water content from the bagasse,

3) To supply partly or completely the heat energy requirethijaggery making process.

Recently (Jakkamputi and Mandapati, 2016 suggested a method tilise the
solar energy for the jaggery making process. The modified jagtgking process is shown
in Figure2.1 A solar collector in combination with a heaichanger is used to preheat the
sugarcane juice. The solar energy collected by using collectors is transferred to the
sugarcane juice in a heat exchanger. The liquid flowing across the solar collector and heat
exchanger can be treated as a primary fluid the sugarcane juice i®rsidered as a
secondary fluid.

Sugarcane

Heat Preheating
3 Exchanger vessel

Bugasse

Floatingresidue Jaggery

T Uy
Addiives | OO

B Combustion gases

Solar Drier Ugasse \ Boiling Pan /
\‘ to chimney
Air —l

——{ Solar Drier Open Earth Furnace
Hot air |, Ash

Opening Sun
Drying

Sugarcane Juice

Bugasse

Figure 2.1: Modified jaggery making process(Jakkamputi et al., 2016)

The temperature of sugarcane juice can be raised very close to its baiiihgsmng
FPC or ETSGso that energy required in the first stage of boiling process can be supplied

from solar energy. Similarythe latent heat of energy required to remove the water from
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the sugarcane juice can also be supplied using solar energyedtises highly efficient
solar collectors like parabolic through collectorgarabolic diskcollectors. Solar energy
can also be used to preheat the air used for comhystowess using solar air heatdts
can also be used to remove the water corethite bagasse. Water content can be reduced
to 5 to 7% by usig solar driers against 20 in conventionbopen drying process
(Jakkamputi et al., 2016)

2.3 Past research work on jaggery making process

(Anwar, 2010) propo®d an improved design of pam improve the efficiency of
the jaggery making procedBy providingparallelfins at the bottom othe main pan and
gutter pan, it watound that heattilisationefficiencyof jaggery making unit having-@an

furnacewas improved by 9.44% resulting into 31.34% saving of fuel and energy.

(Sardeshpandeet al., 2010)put forwarda procedure fothermal evaluation of a
jaggery making furnace based on the heat and mass transigsis. In the thermal
evaluation, t wasindicatedtha theoretically only 29% of thenergysuppliedby bagasse
combustionjs required fojaggerymaking.The oxygen content present in the flue gases
is a measure of degree of combustidhe thermal efficiencyf the furnacealong with
inside funace temperatur@creasesvith the decrease in excess air intakemethod of
supplying controlled fuel to the furnaveas proposethased on the oxygen percentage in
the flue gases. This method reduced the bagasse requirement for 1 kg of jaggeriigmrepara
from 2.39 kg to 1.73 kg, making around 27% of fuel savings.

(Solomon, 2011)'he economic evaluation of different products which can be made
from the byproducts of sugarcane is preseni€dl?2 million tonnes of molasses are
produced every year in Irali Sugarcane byproducts canutdised to produce pulp and
paper, panel or insulating board, particle board, biogas, bioelectricity, ethanol, atohol
which have good economic value. These industries will result in producing some good

products, givig employment opportunities to the villagers, reducing pollution hazards.

(Arya et al., 2013)mproved the design of three pan jaggery making plant by some

modificationswhich includes
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I.  Instead of ordinary masonry brickse bricks (4050% alumina)vere ugdin the

construction of the furnace.

ii. A castiron fire grate wagrovided in the furnace for proper mixing of the fuel and
air.

iii.  Air was sucked in to the furnace both from the front wall opening and the bottom
opening of the fire grates

iv.  Ash was beinqautomatically dropped through these grates from where it can be
easily taken out time to time.

v. They also improved design of the chimney by keeping the optimum height of the
circular chimney. The chimney heightaptimised by creating sufficient draft and

also by providing two additional dampers of mild steel plate to control the draft

The conventional three pan jaggery making plant used Rj26f bagasse for
making 1kg of sugarcane juice whereas the modified three pan jaggery making plant used
1.99kg bagasse with an improvement in plant efficiency. Productivity was also increased
as 180kg of sugarcane juice was used to make jaggery instead okf§j50@he modified
jaggery making plant. COpercentage was also increased in the modified plant which

indicates better combustion.

(Shiralkar et al., 2014)made analytical calculations fgingle, double and four pan
furnaces of jaggergnaking units. It was pointed out thermal efficiency of single pan
units is 4560%, double pan units 4%6% and four pa units is 40-50%. Productivity
increases with the increase in number of pans but the increase in unit efficiency is
comparatively smaller. Efficiency of the furnace depends on the mass flow rate of intake
air. In case of excess aireatis lost in preheing the excesair resulting in lower furnace
temperatre and thermal efficiency. It wasiggestedhat existing furnace efficiency can
be increased by controlling the mass flow rate of air viighuse of damperswb jaggery
making furnaces consistingyd pans and four pangeretestedandit was observedhat

their efficiencies were increased from 53% to 76% and 50% to 57% respectively

(Agalave, 2015)provided fins at the bottom of the pan in the single pan furnace and
also provided baffles from thedaide at the center of the furnace near the exit of the flue
gases. These two factors resulted in improvement in the thermal efficiency by 9.44%. This
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improvement resulted intatilising 1.1kg of bagasse instead of X§ of bagasse per kg of
jaggery forthe furnace.

(Jakkamputi and Mandapati, 2016 described various factors which reduces the
thermal efficiency of a conventional jaggery making unit. Many factors including
inefficient combustion in the furnace, energy lost through exhaust gases, ersrgy lo
through furnace wall convection and radiatiancounts around 55% of the total energy
produced byhe combustion of bagasseahbus methods to improve the thermal efficiency
of a conventional jaggery making umite (a) preheating the air enteritige furnace (b)
increasing the sugarcane juice temperature up to 100°C by using waste heat available in
exhaust flue gases from the furnace or by industrial waste heat available or by the use of
solar energy. Aalytical calculationsvere also presentdd find the heat balances in the

jaggery making unit

(Manjare et al., 2016)performed experimental analysis on a single pan furnace to
prepare jaggeryit was pointed out thahe incomplete cofyustion in the furnace results
due to improper design of pan amdrnace prepared by local artisans without any
optimisation measurest was observed thdhe efficiency 6the jaggery making unit was
increased from 16.16% to 24.36%#d bagasse consumption was reduced by 1.2 kg per kg
of jaggery productionby preheahg the sugarcane juice in the preheating vessel er pre

heater by the exhaust gases

The literature survey propasé¢hat thehermal efficiency of jaggery making units
is very poor and needs significant improvememnéheating of the sugarcane juice anektin
air either by exhaust gases or by solar energy, modifying pan design and controlling the
bagasse and air entering the furnace are some modifications to improve the thermal
performance of the jaggery making units. It will result in savingagfassevhich canbe
utilised for different purposdgke pulp and paper production, insulation board production

and so on.
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2.4 Flat plate collector

Around the world, dot of experimental work has been carried out for evaluating
and enhancinghe performance of Flat R&aCollector (FPC)To validate the results of
simulation and mathematical modej by varying different parametersas been put
forward by many research scholars. Below is a review of work done by many research

scholars on FPC:

(Winter, 1975) Double loopor indirect solar water heating system reduces the
problem of corrosion, freezingetc. Same time the performance of solar water heating
system decreases because the collector has to work at a higher temperatunegapethés
heat exchanger factor wheing developed in order to calculate the penalty or decrement
in the performance of the solar water heating system due to the use of an integrated heat

exchanger

(Fanney et al., 1988)In this paper, the effect of flow rate on the performance of
direct aswell as indirect domestic solar water heating system was being studied

experimentally and numerically by simulations.

Two methods to improve the performance of solar water heating syséeen
presentedlt can be done either by reducing the flow rate prebhancing the thermal
stratification in the storage tank. The running and initial cost were reduced by reducing the
flow rate, but flow imbalances were observed in the solar collector below a certain
minimum flow rate. In case of indirect domestic sdiat water systegpthe performance
of heat exchanger decreases with the deciiadf®y rate. It was also pointed otltat the

performance of the solar water heating system is independent of the tank side flow rate.

There was no occurrence of flow imbalarxy using improved stratification within
storage tank. Thermal stratification increases the performance along with the initial cost of

the project

(Hobbi et al., 2009)conducted an experimental study on a flat plate collector to
investigate the effect gfassive heat enhancement devices (simple tube, twisted strip, coil

spring wire and conical ridges) as thermal performance.xgerimental results shaed
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negligible difference in théneat flux to the fluid. Hgh values of Grashoff number,
Richardson an®ayleigh numbewere observedrlhis showed that heat transfer mode was

mixed convection type in which free convection was dominant.

(Mossadet al., 2012)resented numerical simulations using ANSYS FLUENT of
a flat plate collector with two differembnfigurations. The first configuration congidtof
a single row heat exchanger with length 10.8 m and inside pipe diameter as % or ¥ inch.
The second one congest ofa double row heat exchanger withdém16.2 m and diameter
Y% or %ainch. It was foundhat single row heat exchanger of firsinfiguration wa more

economical than double row heat exchanger

(AL -Khaffajy et al., 2013)In this paper, the effect of different parameters on the
thermal performance of the system along with reducing the cost i(btal and running)
werebeing investigated=rom the results, it was fourtdat the single row heat exchanger
of 10.8m length for both elliptical and type B tube gave high service outlet temperature
while reducing both initial and running or pumping cost. The size ostubed weréz or
% inch Hence size of the flat plate clgctor can be selected from the results presented in

this paper

(Abubakar et al., 2014)conducted experiments on a solar flat plate collector
(model TE39)n hotweatherconditionsof Bauchi. The experiments were being carried out
daily for2 hours(11:006 o 13: 00 hours) for a period of
optimum efficiency was around 70.5% and the maxinautiet water temperature was
55°C. Itwasconcluded from the experimental results that that model TE39 is best suitable
for the domstic use in the Bauchi weather conditions

(Arslan et al., 2015)performed numerical analysis éptimise the performance of
storage tank in golar water heating system. It wesncluded that thermal stratification
was better with the increase in the temgture of the fluid through covered heat exchanger.
Storage tank capability to deliver the amount of hot water decreases with the increase in

discharge time
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(Singh et al., 2016)The parabolic trough collectos used in the industries for a
very high tenperature (~200°C or above). So, by reducing its size, it can also be used for

househal applications even icase of free convection

(Kumavat et al., 2016)In this paperfour different configurations of a flat plate
collector were being simulated in ANSY-LUENT. Flat plate collector with better output
results was selected from the numerical analysis and then fabricated for experimental
analysis. Experimental results shedvthat, collector outlet temperature is directly
proportional to the solar intensignd the best output temperatures were found on clear

sunny days

The literature survey suggests thaumber of researchers have conducted parametric
studies on the performance of FPC systems considering geometric and climatic variations and
found that ollector tilt angle, climatic conditions like solar intensity, wind velachferefore,
by keeping the optimum tilt angle, highest output temperatures are found on clear sunny

days with minimum wind velocity.

2.5 Evacuatedtube solar collector

A lot of experimental work has been carried out for evaluating the performance of
Evacuated Tube Solar Collector (ETS&) over world. To study the impact of different
parameters &cting the performance of ETS@stem and to validate the results of simuladio
and mathematical modelling, various researchers hactlafgd experimental set ups
consistingdifferenttypes and sizes of ETSC withfferent concentrations of different nano
fluids.

(Budihardjo et al., 2002) conducted an experiment on ETSOnsisting21
evacuated tubes and a tank with 1B Icapacity.ISO94592 methodwasused as test
procedure for experimentation.efformance evaluation of ETSC with numerical
simulationswas also presentdoased a the experimental results. It wésund that the
naural mass flow rate through the evacuated tubes was arou8 R@/hr which was
around 3 to 4 times flow rate through the tank volyree hour.Investigation show that

natural convection flow rate in the evacuated tube is Wgluorrelationfor ETSCwasalso
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developedor the flow rate as a function beat transfer and fluid flow inside water in glass
tube

(Gaoet al., 2009onducted experiments and compared two types of ETSCs, Water
in glass Evacuated Tube Solar Collector (WGETsc) arulpe Evacuateg Tube Solar
Collector (UpETsc). It walund that thermal storage (around 25 to 30%) as well as thermal
efficiency of WGETsc was lower than UpETsc. As in case of UpETsc evacuated tubes are
not completely insulated and are always filled with water thezedidmight water in the
tubes loses its energy. It was obserteat the optimum mass flow rate at maximum thermal
efficiency for WGETsc and UpETsc were-80 kg/hr nt and 2040 kg/hr nt respectively

(Mahendran et al., 2012)experimented on the ETSC witlifferent concentrations
of Al,0z and TiQ in water and compared the performance of the ETSC with water as the
working fluid. The mass flow rate of the water or water with nano particles was fixed at 2.7
litre/min. The efficiencies of the collector wefieund to be 58% and 73% with water and
water based Ti®©(0.3% concentration) as the working fluigspectively. The efficiency
increased by 16.67% with 0.3% Ti@anofluid as cmpared to wate Similarly, it was
foundthat water based ADs nanofluid gives3% higher efficiency as compared to water
as a working fluid in ETSC

(Mahendran et al., 2013)experimentally studied the efficiency of the ETSC as per
ASHRAE standard 32000. They used 0, 1, 2 anélody volume of water based TiO2
nanofluid and keeping ass flow rate constant at 2.0ré¢/min. They found thiathe
efficiency of ETSC with 2 by volume TiO2 in water was higher and it was 42.5% higher
compared with water as working fluid

(Mishra, 2015) Thermal efficiency of an evacuatedtube collector wasound to
be more than water in glass evacuated tube solar water fieatéheexperimental results
It was suggested that water in the tubes should be carefully handled otherwise as the
temperature of water reaches very high, causes thermal shock tub#geresulting in

formation of cracks. This may result in loss of vacuum and even failure of tubes

(Sabihaet al., 2015)The effect of nanoflids andSingle Walled Carbon Nanotube
(SWCNT) on the performare of the ETSC was studied. It wiasind that thesuspension
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of SWCNT andSodium Dodecyl SulfateéSDS were stabldor a period of one month. It

was point outhat for a mass flow rate of 1.5 kg/seddar the case of 0.05 and 09%%y
volume SWCNT, maximum temperature difference between inlet and aat$ed.85°C

and 11.43°C respectively. The efficiency increased from 36.57% to 62.51% for 0.05 and
0.25 % by volume SWCNT respectively i.e. the efficiency for 0.25 volume% of SWCNT
was 15.66% higher than 0.05 volume % SWCNT

(Naik et al., 2016)developed anathematical model to fththe performance of a
U-tube Evacuated Tube Solar Collector (ETS@palytical results withthe help of
mathematical modedeveloped were also presentmud results had been validatedh
experimental results. It wasund that he results of the analytical solution were quite
similar with the experimental results. Lithium Chloride aqueous solution {HOl), air
and water had been used as the workiuig f Experimental results shatlvat the effect of
mass flow rate of the wonkg fluid, length of the collector and solar intensity are significant
whereas the effect of the inlet temperature of the working fluid has very little or no effect

on the performance of the-tube Evacuated Tube Solar Collector

(Ghaderian et al., 2017)peaformed experiments on a passive Evacuated Tube
Collector using Triton X100 as the surfactant and nanoparticles hapagcle size of
40nm. The collector is having a spherical coil inside the storage tank. The experiments were
carried out with differentolume fraction of the nanoparticles ranging from 0.03 to 0.06%
and volume flow rate inside the spherical coil ranging fromt2@hr to 60 Itre/hr. It was
found from the experimental results that the maximum efficiency of 5W&%ebtained
when the anoparticles volume fraction was 0.062d flow rate was 60tre/hr. It was
observedhat the stability of the nanoparticles decreases with increase in the ionic strength.
The stability of the nanoparticles inside the pwater against deposition watiecked
using sedimentation technique. In sedimentation technique, the mistkept still for
some days of around 3 days to chechle deposition. It was also pointed that by the
use of nanoparticleghe heat capacity of the mixture was reduced thate was an
increment in the output temperature and as the concentration@f a&id CuO increased,
heat transfer coefficient also increased
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These literature reviewsuggest that a lot of research work has been done on ETSC
systems for evaluating theatperformance considering different types and sizes of ETSC with

different concentrations of nano fluids at different mass flowsratehe working fluid.
2.6 Shelland tube heat exchanger

Around the globedifferent algorithms have been developed by research scholars for
designing Shelland Tube Heat Exchanger (STHEyith different configurations of tube
arrangements order to reduce the time for desigg of STHE Researchers hawasodone
experimental wrk for evaluating the performance 8fTHE, to study the impacof different
parameterson the performance of STHE and tvalidate the results of simulations and

mathematical modelling.

(Caputo et al., 2008)Three case studies were presented in this gapsreck the
capabilities of the proposé@at exchanger design. Algorithm was developed aptimise
the design of heat exchanger. Hertbe initial and running costs of the heat exchanger
wereminimised.Using the algorithmtotal cost of the heat ehanger waseducedo half
It was suggestedhat this algorithm should be usédl design the heat exchanger as it
consumes less time, provides the designer with more degree of freedom to design and select

more number of design alternatives

(Patel et al,, 2010)Heat exchanger design is a complex process which involves
optimisation of many of the operating and geometric parameters. Rating a large number of
heat exchanger geometries to find those who satisfy required heat transfer rate, operational
and georatric constraints, was theatlitional design approach. It wimindthat traditional
design apprach was quite time consuming and did not give surety of finding the optimum
design. In this paper, particle swamptimisation (PSO) technique was discussddol
optimises the heat exchanger design from economic point of view i.e. based on the annual
running cost of théeat exchanger. The results of 80 techniqu&ere also compared
with the genetic algorithm&A) to design a heat exchanger. Tge@metric parameters of
the heat exchanger including: baffle spacing, outer and internal diameters were considered
for optimisation. Optimisation also included two tube layouts: triangular and square tube

layouts
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(Jayachandriah et al., 2015designed a @uble pass helical coil heat exchanger
and compared its results with heat exchanger with segmental baffle using Kern Method.
The designed model has 7 tubes of diam2®emm and length 500 mm, shell diameter 90
mm and shell length 600 mraspectively. StdélSI 1010, Copper and Aluminium are the
material of the shell, tube and baffles respectively. It concludes that shell and tube heat
exchanger with continuous helical baffle has maximum overall heat transfer coefficient.

The pressure drop is found to becdeasing with an increase in the helix angle

(Ambekar et al., 2016)studied the effect of different configurations of the baffles
(helical baffles, single, double and triple segmental baffles and Flower A and B type baffles)
inside Shell and Tube Heat Exchanger. The CFD simulations were carried out in
SOLIDWORKS flow simiation software version 2015. The simulation results showed that
the single segmental baffles were giving more heat transfer rate while keeping all the other
parameters constant such as mass flow rate, pressure drop and heat transfer coefficient.
Helical baffles showed almost zero stagnation zones resulting reduced fouling and long

operational life of the heat exchanger because vibrations due to flow were low

The literature surveyproposs that a large nhumber otsearch scholars put forward
different algarithms for designing STHRvith different types of tube banks with the help of
differentoptimisation techniques like GA, PSO, etc. to reduce the time taken for designing the
STHE. Effect of different parameters like different tube arrangements, diffeypeis tof

baffles etc. on the performance of STHE are significant
2.7 Summary of literature review

Based on the literature review presented in this chaptergsi®arch findings are as

follows:

Research work had been carried out to improve the performajaggefy making unit
by adapting different methods. Sugarcane juice can be preheated close to its saturation
temperature by using the waste heat available in the exhaust gases from the open earthen
furnace using multiple number of pans instead a singlelpanmodified jaggery making unit
we canutilise the solar energy to preheat the sugarcane juice, inlet air for combustion and to

remove the moisture content in the bagasse. Solar collector in combination with a heat
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exchanger is a basic unit in the modified jaggery making unit by which we can absorb solar
energy to preheat the sugarcane juice. The literature collected on solar collectors found that
experimental as well as theoretical work had been carried out tovenfite performance of

FPC and ETSC. Use of reflector sheet, glazing on glass cover and selective coating on the
absorber surface of the FPC are some ways to improve the efficiency of FPC. Different studies
had been carried out to compare the efficiencgitierent types of ETSC. Literature with
different ways of improving the external as well as internal heat transfer coefficients in a shell
and tube heat exchanger were also presented in this chapter. Experimental as well theoretical

analysis had been cad out tooptimise the design of STHE and to improve its performance.
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Heat Preheating
Exchanger vessel

Bugasse
r
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

@
5 Floatingresidue Jaggery

Opening Sun Q Steam DD
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Solar Drier Ugasse \ Boiling Pan /
\ to chimney
Air l

——{ SolarDrier Open Earth Furnace
Hot air L Ash

Figure 2.2: Modified jaggery making processindicating the work done in thereport
by red rectangle(Jakkamputi and Mandapati, 2016

Work done in this report (indicated by a rectangle in red color in Figure 2.2), was

selected based on the literature survey.
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Chapter 3 DESIGN AND FABRICATION OF

HEAT EXCHANGER

Because of the relatively simple manufacturing and adaptability to different
operating coditions, shell and tube heat exchang@3$HE) are most widely used heat
exchangers in the industry. The design process of S3ldk iterative process involviray
large number of geometric and operating alzlds as a part of the search for a heat
exchanger geometry that meets the heat transfer requirement and given design constraints.
First, an algorithm is discusséat designing STHEA Microsoft excel progranwvas made
based on thalgorithm br designing STHEN order to reduce the time taken for designing
process. First the algorithm for desiingg the STHE is discussed. Lat&THE design is
shown after presentinigput and outpudf the Microsoft excel program. Then, the steps
followed to fabricate the heakehanger are discussed. The challenges faced during the

fabrication are presented at the end of this chapter.

3.1 Data reduction

In the present work, two different arrangements of taoesbe bankef STHEas
shown inFigure3.1,were being studied and desey:

1) Aligned or In Line or Square tulsrangementtube bankas indicated ifrigure

3.1 (a).
2) Staggered or Triangle tulagrangementtube bankas indicated irrigure3.1 (b).
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Figure 3.1: Different types of tube arrangements(a) aligned and (b) saggered

At the initial stage of designyater was being consideredasrking fluid in both
shell and tube side for both the arrangements. Property values of water in saturated

condition are given inable 3.1

The design calculations of heat exchanger were made considering the total volume

of water to beheated ¥, ) as 15liters. The volume of the heat exchangd.§) is
considered to be half of tdteolume ofwater to be heated.

v, =2V

hx 3 (3 1)

Shell inside diameter to length rati(b/(Ds) is considered to be between 5 t010

(Kakac et al., 2002) Considering the shape of the shell as cylindrical, the volume of the

heat exchanger is given in Eq. (3.2).

Vh :%3 DS2 3L (32)

X

Where D, represens shell inside diametgm) and

L represerdtube lengthif),
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Table 3.2 indicateshe values of C andirtaken from(Hewitt, 1998) for both
staggered (triangle) tube arrangement or staggered tube bank and aligned (square) tube

arrangement or aligned tube bank

Transverseube pitch § ) as shown in Figure 3.1s calculated from Eq. (3.3)

§ =1.25%( (33)
Shell hydraulic diamete(rde) (Patelet al., 2010)s being given by

1) For aligned tube bank

_ 48 wd?19)

d (3.9
e ,Udo
2) Forstaggered tube bank
4(0.43*S%- (0.5vd* /4
4 - H043°S- (0.4 /4) 35)

¢ 0.50d,

Baffle spacing (pitch): represented b , is taken as 30 toOP6 of the total shell length
(Edwards, 2008)

Baffle cuts: It is expressed as the ratio of segment opening height to shell inside diameter
and should be kept between 40 to 60%e upper limitof baffle cutensureghatevery?2

consecutiveairsof baffles will support each tube.

Tube Diameters: Commonly used sizeare tubes having diametér®or 0. Most | y 1J0O
tubesare used for better heat teder area and provision faleaning and preveinig
vibrations. %2 inch tubes can be udedshorter tube lengths i.e. less than 4 {&tmo,

2012)
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Table 3.1: The Property Values of water in saturated state(Rohsenowet al., 1973)

Temperature, | Density, | Kinetic Thermal | Prandtl | Specific Thermal Dynamic
T (°C) (kg/m?3) | viscosity, | Diffusivity, | number | Heat, ¢ | Conductivity, | Viscosity,
(mm?sec)| (mm?sec)| (Pr) (kg K) | k(W/mK) | (kg/m sec)
20 1000 1.006 0.1431 7.02 4178 0.5978 0.1006
40 995 0.657 0.1511 4.34 4178 0.628 0.0653715
60 985 0.478 0.1553 3.02 4183 0.6513 0.047083
80 974 0.364 0.1636 2.22 4195 0.6687 0.0354536

Table 3.2: Values ofconstantsC and ni (Rohsenowet al., 1973)

No. of | Triangle tube pitch Square tube pitch
passes C N1 C ni
1 0.319 2.142 0.215 2.207
2 0.249 2.207 0.156 2.291
4 0.175 2.285 0.158 2.263
6 0.0743 2.499 0.0402 2.617
8 0.0365 2.675 0.0331 2.643
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Shellcrosssectioral area A, (m?) is given in Eq. (3.6)

A =" Zs (3.6)

Crosssectional eea of baffle- A, (m?) is expresseth Eq. (3.7)

A =0.75%A (37)

Shell sidecrosssectioral area A, (m?), normd to the flowdirection is showiin Eq. (3.8)

% (3.8)

=DB —9
A S

S

O SBAQ”

Shell side flow velocityV; (m/sec)(Selbaset al., 2006)can be obtained from Eq. (3.9)

- M
Oy (3.9)

WhereM,shows shell side mass flow rdtey/se¢ and
I'. indicates ensity of shell side fluidkg/m?),

Shell sideReynolds number R& (unit les3 can be obtained dsllows,

_md,
Rg=—-"= 3.10
Am (3.10

Shell sidefluid Prandtl number Pr, (unit les$ (can also be obtained from data handbook)
which follows

C
Pr, = i
K

S

(3.11)

WhereM is the dynamic viscosity of the shell side fl(iRa se},
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CpS is the specific heatf shell side fluid J/kg K),

ks is the thermal conductivity ohe shell side fluidW/m K),

Oveall heat transfer coefficienty (W/m?K) is expressed as

U= 1
(1/h)+R, €d,/d)( R (/1) (3.12)

Where hsis the shell side convective hagnsfer coefficienfW/m?K),
Riis shell side fouling resistan¢e?K/W),
do is the ouside tube diametem),
d, is the nside tube diametem),
R, is thetube side fouling resistancek/W),

h[ is the tube side convective heatrtsfer coefficient\W/m?K),

Logarithmic mean temperature differeneeMTD (K), is obtained as

(Thi B Tco) '(Tho Tci)

-MTb= In ((Thi - Tco)/(Tho 'Tci))

(3.13

Temperature differenceorection factor F (unit less) can be obtained as follows

_ R+, In((1- P)/(1 -PR)
F_\/: |n((2- PR4 JR 1 /(2 PR 1 er+])) (314

Where R is thecorrection coefficienfunit lesg andis given by following relation

— (Thi - Tho)
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P is the efficiency(unit lesg and is expressed as follows

_(Te- To)
i (Thi - -I-CI)

Heat exchanger surface areA (m?) is given by

A:L
U*F* LMTD

Heat transfer rateQ (W) is given by
Q: m1ch(-|l-1| '-Ir:o) :ng Q( Io -f)

Number of tubesN, (unit less)is given by,

N, =C %

0

Qo
iJs
NeTe &

O
o

The number of tubes is finally roundeft to the lower even number.

Tube side fluid velocity V; (m/seg is calculated from Eq. (3.20).

i an
v, = m

YT (pl4)dr SN,
Wherei is the tube side mass flow réitg/sed,

d; is the tube inside diameten),

I'.is the density ofhe tube side fluidkg/m?),

N is the number of tube pasqesit less),

Nt is the nuber of tubgsinit less)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)
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The tube side Prandtl numbdt, (unit les3 andis given by

C
Pr = M (3.21)
ki
WhereMis the dynamic viscosity dhe tube side fluigPa se};
CIDt is the specific hdaof tube side fluid J/kg K),

K is the thermal conductivitgf tube side fluid (V/m K),

Tube side heat transfeoefficient -h: (W/m?K), can be calculated from the following

correlation depending updeynold s n u ) ef the t(be sidéCaputoet al., 2008)

a. If Re<2300;
& 32
h :dﬁié&%? +0'10f;.7$f(;; (2; //LL)?S-3 (3.22)
b. If 2300<Re <L000(
h=k g (1,/8)Re- 1000)Pr & gi °8~°j7 329
d gl+127f / 8/"2(Pr?° -)¢” L =
c. If Re>10000
K s puolm O
h :0.027d—0 Re”® P/ ﬁ 9 (3.24)
Where ft isDar cy 6s f rHewitt, 1988pandisaicen loyr
f. =[1.82*log,,(Re ) -1.64 (3.25)

Tube side Re yRuQc(Unidlefsséandu:am trebobtained from
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Re = (3.26)
m
Shellsidecrosssectioral area A (m?) is given by
D 2
A= PY (3.27)
4
Tube length L (m) can be calculated from Eq. (3.28) as,
L= A 3.28
pd, N, (3.28)

A simple program was devegled in Microsoft Excel using Equatiof3.1) to
Equation(3.28) to design a shell and tube heat exchanger. The inpthafidal outpubf

the program after numbef trials are given in Table 3.3 and Table 3.4

Table 3.3: Input to the program: Heat Exchanger design input data

Tube Pitch

Parameters Staggered Aligned Unit

Grid Grid
Total volume of sugarcane juice to be heg 15 15 Litre
The volume of the heat exchang(é/rhx) 5 5 Litre
ShellLength to diameteratio (L/ DS) 7.5 7.5 Unit less
Tube side inlet fluid temperatu(él'hi) 85 85 C
Shell side inlet fluid temperatun(él'ci) 20 20 T
Tube side mass flow ral(em) 150 150 kg /hr
Mass flow rate of the shell side qu(dT‘g) 200 200 kg /hr
No. of tube passeén) 1 1 Unit less
Correction Factor from data hand bo@k) 0.93 0.93 Unit less
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Table 3.4: Output from the program: Calculated parameters

Parameters Tube Pitch Unit
Staggered Gid | Aligned Grid
Shell inside diamete{D, ) 10.47 10.47 cm
Shell length(L) 71.01 71.01 cm
Tube inside diamete{d, ) 11.00 11.00 mm
Tube outside diametd, 12.50 12.50 mm
Baffle spacing( B) 0.25 0.25 m
Tube side Reynolds numbéRq) 307.40 388.30 Unit less
Reynold's number for she(IRg) 145.13 201.99 Unit less
Overall heat transfer coefficieft) ) 167.16 165.57 W/ m*K
Heat Transfer ratéQ) 451 3.88 KW
Heat transfer area, sq. meter 0.67 0.53 m’
Temp difference at inlef(DT), ) 65.00 65.00 T
Temp difference at outldi(DT)_ ) 19.62 26.04 T
Temp lost by hot fluiq(DT), ) 25.93 22.26 T
Temp gain by cold fluiq(DT) ) 19.45 16.70 T
Calculated correction fact«(rF) 0.29 0.24 Unit less
Effectiveness( 6’) 0.40 0.34 Unit less
Tube side outlet fluid temperatu(@ho) 59.07 62.74 C
Shell side outlet fluid temperatu(é'co) 39.45 36.70 C
Logarithmic Mean Temperature
Difference(LMTD) 42.23 45.46 Unit less
Heat exchanger surface ar@é) 0.69 0.55 m?
No. of tubes( Nt) 24 19 Unit less

3.2 Heat exchanger design

Shell and tube heat exchanger (STHE) 3D geometry was created in Solidworks

using theoptimised design parameters obtained from the MS Excel program presented
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Header Plate
24 tube

Tube Inle’r——/

Tube outlet

Baffle 2

Baffle 1

Shell outlet

Shell inlet

All the dimensions are in mm.

Figure 3.2: Heat exchanger isometric view by keeping the shell part partially transparent
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Table 3.3 and Table 3.4 of section.3The complete assembly of STHE in 3D view is
shown inFigure3.2.

3.3 Fabrication of heat exchanger

The fabrication of heat exchanger was carriatsioe of MNIT, Jaipur The steps
followed during fabrication are as follows:
i. Baffles plates and header plates are attached all together using ligimgwe&his
procesensure
a. Alignment of the drilled holes with each other
b. No mismatching of the holes in an¥the plates during drillingrocess
ii.  One holder is attached with the plates for the purpose of holding it tetbeg the
drilling process
iii.  Points where thdrilling of holes to be done for placingbes, were marked with
the helpof a markemas shown in Figure 3.3
iv.  Using a center pundshown in Figure 3.4 with a tip angle of 60° to 9@ centers
for the holes were marked@hese centers stop the wandering tendency of the drill.

Figure 3.4: Centre Punch (Allant,

Figure 3.3: Marking of the plates
g g P 2008)
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