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ABSTRAC 1v

Eneragy 18 Lhe mosi 1mportant Faclor for sconomilc
progress. Industlirialization and modernizaltion has increased
the consumplion of tUtradilional commercial sources of

energy, namely 1lhe fossil fuels, coal, oil and nalural gas.
Wilh the limited resources of o0il, and exbhorbitant costs of
o1l exploration, lhe cralical energy challenge of improving
produclivily wilh lower enerdy toslbs needs 1o he mel with
innovalive enevrgy measures.

Agro residues form a large unlapped renewable energy
source 1in India, with a polential of more energy availabiliiy
than 1lhe indigeneous produclion of coal. Rice husk is one
such agro residue thal uniil recenlly posed a problem for
disposzal. Allention has been focussed on vice husk as an
allernative fuel for process heal reqguiremenls in industry.

A study of 1he rice busk burners for induslrial
applicalions has shown that the main system hitherlo used
commercially has been the jgrate furnace. This has bkeen found
wanting in the important aspecis of poor flame Lemperature,
inadequale combuslion efficiency of husk, and inabilily tlo
separatle fly ash from flues.

A 1lwo slage swirl flow combustor incerporaling a

cyclone separator has been designed for wuse wilh an i)



fired boi1ler. A prolelype of Uhe desingned cumbuslor has been
manufactured and 1nstalled wilh an o1l fired boaleyr of
rakin. 1200 Kg. sleam per hour al 00O psi.

Iin a field Lrial ot lhe hias ks combustor Lhe s Leam
Jeneralion ratio of fuel for Lhe syslem was f¥ound Lo be 4.0
S compared te aboul 2.77 for existing inclined jJrate
furances, 4.8 for coal and 3.0 for o0il. The new design has
successfully overcome ithe Lhree disadvanlages of 1lhe
inclined sltep gralte furnace, namely. Low flame lemperature,
1nadeguate combuslion efficiency and poor separaltion of fly
ash from ftlues.The flame Llemperature attained in the swirl
flow combuslor is of the order of 1050° C compared lo 700° C
in Lhe inclined step gratle Furance. The combuslion
efficency and fly ash separation achieved in swirl Fflow
sysiem is mnear hundred perceni. Olher design fealures of
the swirl flow combuslor iwnclude a provision Lo easily
change back Lo original type of oil firing wilhin a waltier
of 30 minules. This 1is nol possible in lhe 3rale system
which takes over 72 hrs for a changeover. The swirl flow
combustlor being a closed and insulaled syslem, Lhe
temperature drop overnight is small and il can be shul of+

and self starled over a shorl period of time. This is not

possible wilh Lhe exisling grale furnaces which are open Lo



almosphere and cool down fast maling il necessary foy

Frojounged starling (Liné.

The main limilalion of Lhe swirl flow combuslor i1s (hal

Lhe feed Llower impellar for feeding the air—husk mivlure

Jels worn oul very fasti - as oflen as once &
[

MOnNth - and needs frenquent replacemenl.

The cosat of steam qgeneration wilh the swir] flow
comes Lo only Hs /5/- rer tonne

Combustor using rice Buskh

CoOmpares Lo HRs 260/- per  Lonne wilh o0il as fuel and an
®SlimalLed Rs 156/— per lonne wilh r0al as fuel.A financial
designad system for replacing oil Firing

the boiler reveals a savings of we,

MNalysis of Lhe

“*Vh huysk Firing on

T&S/_pe, Ltonne of slteam generation at a capital cost of Rs.
78,740_ Th1s capital costl is recovered 1IN jusi aboul oune

"Onih omn the boiler-
has also been run on  saw dust

The syslem
Satisfacforily and can be suitably built to burn a number ¢f

s available including dried leaves, maize

Sfecific bulk fuel

Howevetr these fuels need Lg pe

“esle, peanul shells. ebtc.
feduceq Lo appropriate size for optimizing their fluidizin,
Properties. Studies in conpeetion wilh their combustion
Properties 1in @&1r suspension need lo be carried qut,
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INtRODUCTLON

1.1  IMPORTANCE OF ENERGY

Eneragy is the mogl mporlant faclor for
country’s progross. Increasing gpopulalion, Fapddd
industrialization anid expanding  urbanization have
increased Lthe enerygy needs glaobally. The dwindling
foesil fuel reserves, coupled wilfi Lheir increasing
rate of consumplinn and prives aro faorcing
technologislse Lo leook fFor allernalive and renewable

energy sources.

An unprecedented eneragy consciosusness tias

developed  throughoul the world tn the lasl Jdecade. It

siarted wilth a threefold increase in petlrolaum prices
in 1976. A crisis of energy has  been agradually
developing during Llhis period bkecause of increasing

demands for conventional energy soutces, parlicularly
pelroleum; while Lhe restrainls Lthal have bhecome
operative in pelroleum Fesources project a downward
trend in production wilhin Lthe nexl years lo come. The
commercial energy consumplion for LUhe years 1932 Lo

1285 for some counlries is given in lable 1,1.



TARLE 1.1 COMMLRCLIAL ENERCY COFETHUB{LON Ful
COUNTRIES7C 3# (Kgs. UF COAL COUEIVALENT M

SL.NO. COUMTRY 1282 1783 1781
1. QATAR 26685 210922 2161
2. BAFIARATIM 12853 12912 130413
3. LUXEMIOURG 10973 [SX sk 11a”
q. CaANADA QEIE 985 430
5. L. GERMANY 7312 7123 7424
b, AMERICH L8111 LLB88 5808
7 ABUETRALIMA L2272 LI L1368
. RIUSSIAN 574L2 S843 598z
F . ENGLLAND 4753 N785 4706
10. FRANCE 3997 3214 S888
i, JARAN 3360 3437 3743
12 CHIMNA 578 &1 609
13. INDIA 220 233 237
14, PAKISTAN 217 233 238
15, KEMNYA 102 102 SN
16 EANGLADESH 4 a¢, a2
17 . TANZANT A a5 4.3 a2
1&. NEPAL P |, 17

The indostriatizsed naltions like

Australia and Germany thal consume larse Ju

commercial are They are faced

of eneryy

situation thal fulure supplies of convenlliona

derived from pelroleum and natural gas ha

urtcgrliain. Withoul CLhe supptly of adequate qu

of commercial enerqy, these counlvies cannmol
# References are ligled alphelabically ai 1

the thesils

TOME

SELECTED
CAPITA)

1783
20854
12796
119378
Q910
EAGE B
&7 48
£9538
&3
4744
10134
3715
L33
254
251
a3
57
4
17

- — -

USH, USER,
antitiles
wilh Lhe
1 enerygy,
ve became
anlilites
maintain

Sy — T — o —— — —

he end of



bigh tevel ot productivi Lied o trxnh standard of

Yiving. The develoging cotnbrices lilke Lfudia, Pakislan.
Kenya, Fanzania and Eangledesh whilin Lonsume
relativaly small quantililes of come2rcial energy are
wotrried because Lhe largels of hwigher levels of
produciivily and ¢easonable slandard  of  liviwg for

their peopls w111 nol be achievable esgecially if
pelroleum becomes morce expensive oi resbriclive. T
is now commonly rexlized thalt global culs on energy
supply will affecl developing counlbries will
inadequale fossil {uel resources most seriously.These
countries will Dbe ill-egquipped 1o compele wilh Lhe
richer counlries in Lhe world markel for fossil fuels
particularly pelroleuwn a5  the fuel supplies are
restricled by Lhe o1l producing counlries.

In 1The face of Lhe <¢rilical cnallange of
improving productivity wilh Jower enerdy, cosls and
consumpiion, it is necessary Lhal Lechnolvgies shouyld
now be directled lowards incorporaling non conventonial
energy sources Lo meel energy demands.

1.2 GCOPE OF VUTILIZATION OF NONCOVNENTIONAL AND
RENEWABLE ENERGY SOURCES

The four major non—-convenltional and renewahle



enersagy sources Lhal can be considered ior commercial
explortation arc solar, geolhermal, wind and hlomasses.

SOLAR  ENERGY appears to  pe the most altractive
alternative cenerygy souice hecause of 1ls availability
and inexhaustive nalure of supply. In facl svlar enerygy
is 1lhe source of all life and Lhe sole cause of olher
sources of enernyy,like wind, Lidal geoihermal, fossil
fuels, bio chemical elc. Even the seall proportioa of
Lhe total input which is used 1n pholtosynlhesis
ultimately reappears as heal tThrough biological
deqradaltion. Planned biomass ewnevay production ic also
indirecl sonlar energy. [le ovorall inpal of heat Lo tae
earlh from the sun 1is balanced by heal losl by
radiation of t{the earth Lto space.The Lhermodynamical
polential of Lhe solar radialtion 1¢ high,lheugh Llhe
energy densily 1s very low al arourvd only 0,71 Nall/cm®.

The technigues used for harnessaing direci solar
aneragy fall into two calegories (i)Thermal Colleclion
and (ii) Photovoltaic Conversion.

Technologies usimng Lhermal colleclion have hbeen
developed for space healing devices, solar pumps and
solar furnaces. The efficiency of heal collection

achieved can be up Lo 83%4. The Pholtovoltaic Lechnigue

4



IS usenl Lo collect and <lore <solar energy 1in
semiconduclor cells. The upper efficiency achieved in
Lthis procecss 1s 13%. Semiconduclor tells developed have
a  max i open circull veltage of 0.3 Lo 0.6 volls,
Short circuil currenl of 40 mA/cw™ and & ma;imum powver
outiput of 150 Wom, The celis ace Lhevetore cooangcled
in series and  parallel circuils Lo provide the

required current and Vollage Ffor  Lhe load.

The main advanlages af Solar energy are
1. It 15 a clean. susbainable cowrgy source of
considerable magnilude which can he considered preenial
in the human life btime frame.

2. A large nuwnber of people living in Llraopics, can
benffit from solar cnergy as Lhe sun shines brightly
round the year 1n Lhese parls of Lhe world,

Some applications wf swvlar enerqgy like solar
water heating and space heating have now become
economically compeletive with other forms of cnerygy.

The main limilations of solar energy are
1. The intensily is low. seo Lhal very larqga devices
are required Lo collect gignificanl amountls of energy.

2.4 Sglar radiation is Intermittant aod effective



is used Lo collecl &and ciore solar energy in
semiconductior cells. The upper efficiency achieved in
Lhis procecss is 15%4. Semiconduclor «ells developed have
a  maxlmum gpen  crrcuil voltage of O.3 Lo Q.4 valls,

Storl circuill currenl of 420 mA/ e and a mayzimum powver

oulpul of (SO W™, Thae cells are Lhevrefore conneclbed
in series and parallel circurts Lo  provide Lhe
required current and Vollage forr Lhe load.

The mair advanlages of Solar energy are
1. It 15 & «clean, sustainable onerygy source of
considerable magnilude which can he considered preenial
in the human life time frame.

2. A large number of people living in Llropics, can
benifit from solar energy as (he sun shines brighlly
Found the year in lhese parls of Llhe world.

Some applicaltions of solar enetrgy like solar
water heating and space heating have now become
economically compelalive wilh olher forms of oneragy.

The main limilalions of solar energy are
1. The inltensily is low, so (hal very largs devices
are required Lo collecl sagnifaicanl amounls of energy.

2. Solar Fadialion 18 intermiblant and effeclive



melhods of sloring cuerqgy {or sunless perivds are vel
to be developed.

0 For many industrial applications, inveslmenl caosls

are stiltl unattraclive,while uvperalbional and mainlanance

caosts are uncerltain.

WIND ENERGY, as wmenlisnsd sarlier is primarily due
to the sun and resullts from bLhe unequal heating of Lhe
egarlhs rotating surface. Sufficient energy 1S
continually bkeing (ransferred frow Lhe sun to (he winds
of the eoarth and can be lapped (or power Jeneralion and
oLher wuses where convenitional +uels are now used. Thoe
lotal availability of wind c¢nergy 1s estimated al
3.6X10%2 Watis.Wind energy bkas booen Lapped by wind
machines from as eariy a¢ Z0OC0 B.C. for arinding grain
and its wuse has besn conlinuously ingreasing in many
countrées. In Dermmark Llhere were wmore than 2500
windmills in operation in 1900, supplying a Ltotal of
40,000 hp. which was more Lhan 29% of Lhe Lolal gower
available Lo Danish industry at Lhat Lime. In recent
Limes., more than gix million small hladed windmills
providing fower oulpul of less LChavi thp  ecach in an
average wind, have been buill and used in U.S.6. to

pump wales.

)



The advanlages of wind wnergy are

U o i 4 ~clean replentshabic i

2. UWindmills . Len el qn

3. ; oo e windinill N B EITI RN lhave hean
proven « over a long periodid of Lime,

4, Windmills can he buidllb vapidiy and wmass produced.,

.

The limitalions of wind energy ulilizalion arse

). The upceritain Ry b 1 o1 wind energy g4
prerad w polen otny . C1E |
2. The mneed Lo provide a slandby enevgy oo

somelimes dde Lo intermiltlenl nature o0f wind {low,
3. Limitation of power dgeneration < opealaloly ot
cingle windmill.
4. High capitlal
Substantial R & D effort .. now divertied o
| . ¢
Lechnologizs in tormy of boler blade

improve windmill

P

dynamics and engine centrol, wi bty sume emphasis an
devices wilh capacities of ol Jease 1 MW o New cancepls
areg focussing on Llhe wurne af wind concentralors.
diffusers and vorltex jgenerators which increase amhient
wind velocily and decrease lhe size of Llurbine blade:
expensivae elemenls in Lhe systeom.

which are the mostl

GEOTHERMAL ENERGY can be produced by utlilizing Lhe



terrestial heal of hot dey rocks. Nalural sieam is
often found escaping from Lhe siutface of the earth in
many places. This has swuggesled Lhe possibalitly of
using t1he healt of the earlh for sleam generation and
ysingy tLthis steam Lo Jdevelop power.leep eupluratory
drillings tiave oflen Lapped  sources of  underaround
steam.

It has been seen Lhai Lhe Lemperature of the eartlh
increases by aboul 2.75° € {for every 100 melers deplh.
Deep drilling up lo {5000 melers has made lLerrestrial
heal naturally available albl around 415 °C. Geothermal
eleclrical generaling plants employ Likis heal Lo raise
steam from water. WHWater is ¥fed inito an enlvy pipe and
an escape plpe is provided for Lhe steam which runs a
Lurbine. A &OO mm dia pipe drilled Lo 1Z,000 m. deplh
for feeding water for sleam conversion produces 20,000
KW al peak load cyclicly for 3 hours per day. It would
also furnish 75 million. kcal per day of pracess heal
between 200 C and 40 C. In U.5.A. a geolhiermal glant
of &00 MW is inslalled al lLhe Geysers in California.

Geopthermal energy is economically competitive but
Lhe reaspurie base 15 limiled since il requires Lhe

relatvely rare geological cembinabion of hol rocks and



nnderaground water system and an impermeable caprock for
Lrapping Lhe steam and providing prossure.The Lolal
installed 3lokbal geothermal eleclrical qgeneraling
capacity @ 1s oniy aboul 1400 Mw. Energy from hol dry
rocks could greally increase Jeolhermal resoucres butl
technology is slill in ecarly slajges of development .

The advenlages of geolhermal enerqy are:
1. The source of energy is abundani Leina Lhe heal of
Lthe earth ilself,
2. The process 1s pollulion  Fioe.

The main limitlalions of Jeolhermal energy use are @
Uc ke localion where steam producing sub strala are
close 1o 1Lhe earlh's surface are far removed frofM
ceniers of civilization where Lhe powdr could be
usefully employed.
2c A high capital cost 1s required irrespective of

the scale of cnergy produciion.

BIOMASE ENERGY is 3ot from {forest wood, plant and
agro resivdues, sewage, and municipal wasies, cablble
duny etc.Dry biomass Jike wood and residues may be
combusted (o produce heal and elecivicity for industry
ang domestic uses. They may alse ke gassified 1o

produce gaseous fuels~melhanol, hydrogen, ammonia o1 c.



and Lhese may fiewd wuvees 1n 1ndusiry, Lransporit, and

chemicals. By Llhe procos i pylrolysls, oil. char and
Ae may alsu by got feame o Liomass.
Wel itomasses [i1lke sewane, callle dung olbec. can

be subjected Lo Lhe procescs of anerobic digestiion leo
produce melhane that find e 1n domestic and
industrial appplicalionz.

Riomass energy lechnolony utilization has
developed 9greally 1in the form of RBio-g9as goneralion
plants from callle dumnjg. This has found applicalions
for cooking and lighling purpoivs. Incineration of
municipal! waslee alse affordes considerable scope Lo
generatlte energy for healing purposes and also for
cmall power planls. However agricultural residues and
wasteg still form a very large and yet least explored

source of enerygy for induslrial applications.

The advantages of biomass tor energy schemes ares

1. Energy is stored for use al will

2. It has wversalile convdarsiun capabililies fot
various processes Lo produce  high enerqgy content
Jaseous fuels.

3. 1t is dependent on exisling Lechnologies Lhouwyh

these can be improved.



4. It can be developed easily al low cosl and wilh
wasle malterials.

The limitations nf bhin e ray resgurcers are
1. Reaing bulky they pose problems for Lransport ans
slorage.
2. They are subjecl lo climaitic varranil:
3. Thair supply 19 uncoriain.
1.3 COMMERCIAL ENERGY SOURCES IN INDIA

The tradiltional comnercial  enerygy sourcse  1n
India are coal, g1l 4gas and eleclricily. Clectricity
in turn 1s generated {rom thevwal, bvdro and nuclear
cources. The status of produclion of these commerical
enerqgy sources for lhe years (92321285 converled Lo
Million Tonnes Coal Eguivalent is shown in Fig. 1.1 and
given in Table 1.2. For electricily. only hydroeleciric
and nuclear gnerdqy are mentioned as balance
eleciricity is gol from either coal or oil or gas as
primary fuel.

The commercial energy status of India presents a
miked piclure. The coal and hydro elecivic resources of
the counlry are subslantial bul Lheir commercial
exploitation is slow.The growth rate of production of

coal in the period 1922-83 was around 4% per annum
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whereas thol of hydroeleclricily was 5% per anunum. The
proven otil! resources eslimated alL over 300 million
tonnes are sufficient Lo meel {he needs of only a few
vears La come. Al the presenl rale of o0il consumption
which exceeds the production by aboul 15 million
tonnes/anntum, i}l 14 Lo b nprporied which caunses a
heavy sirain is pul on Lhe foreign exchange resources
of the country. The shorlage of Lradilional
commercial eneray is likely 1o conlinue for wany
years. 1t 1s therefore imperailive Lhal lechaologres be
developed and wutilized 1o harness non convenlional
enerygy sources for various applicalioang,

TABILE 1.2 PRIFARY COPIMERCIAL ENERGY PRODUCTION IN INDIAZS
(MILLIOM METRIC TONNES COAL EQUIVALLNT)

Energy type Calorific value 4582 1983 1984 1085
Coal SO1% Keal /Ky 123.5 134.8 144.9 1497
0il 10102 Keal /¥y 39.5 0.3 29.9 S9.7
Gas 12000 keal/Kqg .25 t.65 2.0 2.7

Hydr. Elecl. 24530 Heal /Kwh P3.70 24.48 24,38 z8.,42
Nuclear Elect. 2450 Kcal/Kwh 0.92% 1.74 1.99 2.0

TOTAL PRODUCTION 173.94 212.97 231,18 242.84



1.4 ENERGY AVAILABILITY FROM AGRICULTURAL RESIDUES IN
INDIR

Of 1L1he polenlial allernative fuels available in
India, though biomasses like wood forostry and bilo—gas
plantis have gcaughl iLhe attention of Lhe planners,
ajricultural resources have been neouyleclbted and have
only recenlly faound their place in Lhe enerqgy budgets
of the counlry.

For every Llonne of foodgrain produced, one and a
half tonne of crop residucs are harvesled. While
all crop residues are cellulosic in nalure their
individual charaterastlics vary over a wide rtange.
Studies aboul Lheir physical and chewmical properiies
reveal that they can all Le vaed as alternatbtive fuel
sources. Traditionally they have been pressed inlto use
for the purpose of thalbching in hutls, calttle
feed,baking bricks in rural areas, and sometlimes ag
kitehen fuel.NMet withslanding thoe Ffacl thal Lhe  Lhe
fuel potential of agro — residues 1 kEnown and Lhe
residues are used as fuasls in housceholds and somelimes
for process heal,lhis is done 50 wilh sub oplimal
utilization of Their heal conbtentl.

The residue Lo crop ralio, calorific value, coal



equivalent ralio and availabilily of ceal equivalent
eneryy fram ULhe residuec pot rup Lo LD WmAJOr Ccrups

1n India is 3Jiven in [able .=,

TABLE 1.3 COAL =2QUIVALEMT ENERGY FRUOM CRDOP ReESIDUCZS

wrop Residue Residuc Lalnrifac Coal Eq. Coal Ey.
r=ti : ‘' t2L10 per crap
kecal/ig. kag./kq.
Rice Siraw 1.5 3589 0.7 1T.0&%
tiheat Straw 1.0 4095 Q.42 0.8520
Sunarcane Bagasso 0,155 1776 0.57 (. 820
Cotllon Cticks 3.0 1155 Q.83 2,50
Mailze Stalks 2.0 R3O0 .77 1.53
Maize Cobs 0.5 4150 D.83 0.4z2
Groundnul Shells (B 1776 0.75 0. 1

. oy, Pt iy T e " 8 S0 —at L St e — — i At v v T T v A= B LA A et . —- —— e v ——— —— — i —— — — — s = —

Source: Punjab Agriculiucal University, Ludhiana.

For ewvery g of riie produced, 1.9 kg of rice

slraw is  produced which s used exbensively  for
thatching and animal food. Rice huslk, Lhe hard and

prolective ahell)l covering Lhe rice kernel is alsn
separated during Lhe milling of paddy and aboul 300 gms
of husk is obtained for every kg of vice. A kg of
wheal straw 1s Jgot for every kg of wheal produced buat
15 convenlionally used as callle feed. Sugarcans crop
yields about 160 gms of hagasse (or  every kg of
The bagas=e 19 used 1n Lo sugar industry

sujarcane.

itselt as a fuel for boilers and also finds use as raw



malerial in Lhe paper and board industry. Cotton

3ticks produced weigh Lhece Limes Ehe vield of sced

cotion and are preferred as kilchen tuel. The malze
crop vields 2 I wt stalks anl 300 gms vt cobs for
avery kg of maize produced. | 1ke coiblon sticks, maize

slalks and cobs arce someiimes nsed as household Fuel,
though muech attention is nel paid Lo them. Groundnrul
stiells, produced at 330 gms/kg of groundnul  are alan
commonly wused as & boiler fuel. The produclion figures
for major crops of India for Che years 1982-193% are
Jiven in lable 1.4 and table 1.% gives Lhe overall

enetrgy availlabilily from crop residues Yor the same

years.
TABLE 1.4 PRODUCTION OF MAJDR CRUOPS IN IMD1A
CIN MICLTON TONMES)

1R8Z 1983 1984 (285
Rice a7 .12 50,10 58 .34 AHd .19
HWheat 4z .79 15.45 44 .07 146.89
Sugarcane 189.50 1734.08 170.31 171.68
Cotton 7.87 7.72 7 .36 7.58
Maize .55 7 .28 .44 D. 89
Groundnut S.28 7.08 4H.A3 ) o S
Total 229 .11 307.38 254,97 30R.74

Source « Planning Commission repori 1984



TABLE 1.5 ENERGY AVAILARILITY FROM CROF RESIDUES IN IN
(MILL.TON METRIC TONMES COAN EQUIVALENT

DIA

1982 1732 178 1285

Rice straw 5018 b1.02 6215  o8.34
Rice husk 10.46 13,34 12.95 14,24
Wheat straw 35.08 GRS 36,14 38.4%
Bajasse 8,42 Z2b it £5.55 25.75
Cotton sticks 17.67 12.3 18.45 18.9%
Maitze stalks 10.3 12 .51 13.34 10 .99
Maize cohbs 2.75 P 3.59 zZ.8%9
Groundnut Skells 1,64 2.19 1.99 1.72
ALl residues  458.55  178.09  4174.12  1841.22

As can be seen {from Lhese lableg the overall
energy availability Ffrow crop residues is more Lhan the
energy contained 1in Lhe Lotal coal consumplion of Ulhe
country. The details of agro resivdue cnerqgy for Lhe

years 1982-1285 are graphicalily shown in Fig 1.2Z. As
can be seen fram this figure the difference belween tLhe
available &agro residue energy and Lhe coal consumplion
for Lhe year 1983 is equal Lo the energy availahility

from toltal 0il imports for Lhe year.
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af all Lthe crops, rice <«rop residues are mosl
surplus Lo their tradilional uses of bedding. thalching
and callle feed. Rice husk was unbi1l recently a problem
for disposal, and Llwo nalblional seminars have been hoeld
1n 1281 and 1982 to discuss effective utilization of
rice husk. These residues ran form a siqnificanl svurce
of alternative energy and constituile an ejguivalent of
about S0%L  of coal conswueplion in India. Althougbe much
more rvice straw ts produced pev g than husk. Lhe slraw

is qgenerally widely dispersed in fields and poses

problems o f coleclion and Lransporialion,. The
Depariment of Non = Conventional Enerqgy has recenlly
pltanned Lo el up 20 MW power plant  in Funjab
based on rire clraw  as fuel, and the wmatler of
collecting and Lroansporiing c1e slraw from the fields
to the site has Lo be 1 vl laed an o planned wmannar.
Rice husk, on (ke olher hand @ gol as a bye

produ.t  of the rice milling operation and is available
in bulk at the rice shellers, and therefore does not
pose a prablem for collection. The stlalewise
rotential availabilitly of rice husk in India is given
in Appendix— A, and the slatewise number of rice mills

are given in Appendix— E.



1.5 RICE HUSK AS ENERGY GOURCE FOR PROCESS MEAT

In the induslrial secior in India, there i1s a
large demand of energy for process heal
requiremenl,especially in  Lhe ajgro induslbries seclor,
al temperature ranges below 1000 C, svuch as in hoilers,
driers, calciners eloc. There are over 18000 industrial
boilers in Lhe counlry, wany of which are o0ld, low
capacily and inefficienlly conlirnue Lo use coal anid
oil. With increasing Lransportalion and dislribution

costs and scarce avalabilily of ¢oal and o0il, Lhe price

of commerical energy To the users of rural based
process energy ejguipment is exhorbilant. The curvenl
cost of coal Lo a few rural hased boller owners was

found to be Rs. 200 pey Lonne.

The resulls of & study ot all Lhe rice shellers
and industrial boilersg for 9 disthricis in the slate of
Haryana are shown in Tables 1.4 and 1.7 respeclively,
There are 446 rice shellers in these districls  which
produce 391,250 fLonnes of rice fusk egquivalenl 1o
289525 tLonnes of coal enerygy. The Lolal nuwber of
koilers in Harvana is &3° of which 423 (67.05%) have a
rating below 30 m& . Anothery 149 (2Z2.97%) have a raling



have rating above 100 m=.

The overall average raling o3  JLhe boilers is
52.53 2. Consideriymg an  »ierny requiremenl of one
MTCE/day per 12.2 mZ raling borlers, il is estimaled
thal the fuel reqgquirement for all Lhe 423 small bollers
can be mel by Lthe ri1ce husk ageneralien in Lhese
districts tollectively.

TABLE 1.6 ESTIMATED DISIRICT-HISE AVATLABLABILITY OF
RICE HUSK IN HARYANS

éija;;w“"“éléTRICT MO .OF RICE RICE HUSK
AVATLAEBLE

SHELLERS (TONNES)

1. Ambeala 1& 10,338
2. Faridabad 1 2G0
Elc Hissar 20 17,528
4. Jind 2% 21.%94%9
5. Karnal 127 111,428
6. Kurukshelra 173 151, 7&6
7. Rofitak 1 700
8. Birsa A0 35,054
Q. Sonepal 13 11,385
T el e 591,250

IR ————— LSS -— - ———— et e e —

Source ¢ Directorate of Induslries, Harvana, Chandiygarh.



51. District Tolal No. FBoilers Boilers Boilers Averange
No. of w1t wilh wilh healting
Boilers Raling Raling Rating surface

30w= [0="100m= =100 »= ne

1 Ambala 58 g4+ 5 4 vl
e Faridabad Q7 aé& 33 18 51.6
3. Hissat A0 S22 ‘3 3 31.2
4, Jind 17 10 & 1 36,9
5. Karnal 188 132 38 44 40.4
&. Kuruvkshetra 109 83 0 é 28.0
7. Rohtak 28 15 3 3 12.15
8. Sirsa 40 25 a8 7 dé6.6
2. Sonepal 54 28 18 8 55 .0
TOTAL 637 4323 145 62
(100% Y (67 .09%) (22.98%) (?.98%)
Av.healing 54.8m%= Z2.8m"= b2 . 7w 227 .6 W=
surface
Source : Unitex Projecls Inlernational Pyl Lid, Delhi
It ig for this seclor of process healy

especially industirial segmall boilers Thalt rice husk is
especially suitlable lo replace cpnal and oil and be a

source of easily available and cheap energy.
1.4 SCOPE OF WORK AND SCHEME OF PRESENTATION

The aim of Lhe preseant work was Lo sTady Lime
state of arl of rice husk combuslor design and develop

a suitable design for efficiencily using rice busk as



an eneryly source for direcl end use applicalions like
raising sLeam 1 boirlers, Jdriosrs, aond heat
exbicangers.The cambuslor was manuiaclured and lesied in

stlu Lo eslablish 1ls Lecnical aund cconomic viability.,

The slepe Lbhal have been lalten are:

1. Colleclion of dala aad snbormiaeiun Avea) larle on
the burning characlecistlic and ol relevant
properties of rice huul.

7. Design of a rice husk combuslor using sppropriale
efficientl technoluygy particular view Lo
canvert sxisbing small ol awd coal fired koijars.,

3. Development and field | ' of

4, Forfarmance sl af Lo bag unil a1n Lerms

nf dver ol eoconocwy, e f 1 ' TR LA A
mass flow Chrough Lhke unil.

A review of the state of art  of rice husk
combustors has been made in Chapler Z bringing oul Lhe
main features, UGR G, drawbacts anid  limilalions of
various designs.

The scape of rice husk as a fuel and its
burning characlersiics have been siudizad io Chapber
3. The effecl of air feed rate, fuel feed rale, design

features of Lhve combustor, Lype of flow ete on Lhe



combusiiomn efficliency and lemperalures have been
discussed in delail in Lhis chaplor.

Chapler 4 deals wilh s0lid gas flow syslems and a
detailed study i1y made on Swit] Flow Swvsloms wilh and
withoul comhbuslion reaclions, Lhereby laving Lhe basis

for designimg a Swirl Flow Combusloc Svstlem using bulk

fuels.
The actual design., conslruction particulars,
field testing, performance analysis, overall econamy.

efficiency, and effecl of hot mass flow through Lhe

-

unit is given in Chapler 5.
Chagptler & Jives lLte contlusions and

reconmendations fur furiher worlk.



STATE OF ART OF RICE HUSK COMBUSTORS

2.1 INTRODUCTION

Until recenlly, sconversion  and uwlilisation of
rice husk attracted 1liltle atlenlion from scientisls
and tlechnologisls. This was due Lo tLhe Facl thatl wilh
cheap supplies of fossil fuels Lhere was nol much
incentive 1o euplore renewable sources of energy. The
unprecedented hike in prices of fuels, uncertainily of
availability transporlation difficultiies,and finite
nature of Fesources have changed 1he situation
considerably making it imperalive for enerjgy planners
to look for energy augmentation from non—convenlional
eNEerygy sources such as ajgro-residues.

As mentioned earlier, among The agricultural
crops paddy constilules one of Lhe mostl exltensively
cultivated <crops covering an area of aboul 40 m.ha,
During the wmilling of rice |, husk and bran are
obltained as bye producls. Conventionally , rice husk is
sometimes wused as fuel for domeslic purposes in
villages . as a hedding wmaterial Ffor animals ,
especially for poultry Jiller . 11 also is used as a
packing malerial to protecy commoditiesy during

handling and lransportalion. Rice husk is sometimes

)
L\



nsed as fuel 1 raice mille where parhoiling of rice is
practiced for vailsing sta2am or deying paddy.

Considerable amon ARy research effori 1is
carrently on Lo develop & suilable combusioe thal coald
effecitively use rice husk as fuel. One of Lhe primary
challanges 1n Lhis developmeni process has hbeen Lhe
poor combustion of rice thusk. Some of lLhe agencies
working towards meeting GWhis challenge areg the rico
Processing Engineering Cenire .IJT, Kharagpur, Depl. of
Agricultural Engineerinyg , POY l_udhiana, College nf
Rgricultural Engineering, Panlnagar Cenitral Mechanical
Enginecring Research Institule, Nhanbad.

Attempls are being made Lo  bhurn more husk wmore
effectively o as to reduce dependence on convenlbional
energy rosourcas. Etfarle i also on Lo trap Lhe {1
azh in flue gases cscaping inlo Lhe almosphere

The combustors used for burning rice husk may be
classified into Lhree broad calegories:

1. Grale type furnaces?! Here lhe rice husk is burnl in
a bed on a grate specially decigned for the burning of bhusk
Z.Husk Carbonizers: Here, Lhe husk is werely roasled
and the wveolatiles are eilbher collected as combuslible

3as, ar are burnt and hel air al relatively low



oblained for dryving purpogses . The

4

Lemperatures 1
remaining charred hust and ash 18 discarded The charred
husk may further bhe unsed Lo make Tucl hriqueiles.

I.S8uspension Burning Combuslors: In Lhose combuslors
necessary regquirmanhts for efflicient combuslion of husk
are soughl To be mel by having Lhe fuel burnlt ia &
suspended slale eilther by way ut a fluidized bed or by
suspension in an air flow. Im this manner larger
surface area por  unib  wmass  of  tuel), lang Lime of
contact or large residence Lime and sufficient
turbulence is brouyght aboul in e process of
combuslinon thereby greaily enbhancing +Lhe combustion

efficiency.

& descripiltion of the various models of furances

using husk as fuel i1s given in Lhe following secliions:
2.2 GRATE TYPE FURANCES:

The grate Lype furnaces may furlhter he classified
as conventional slep grate tyvpe furances, 4 movablo
inclined bex Lype grale furance arxd horizontal grate
pressuvized  furance. These furancos can be

vertical

used for steam generalion as well as for drving paddy

and othevr crops.



2.2.1 CONVENFIONAL INCLINED STEF GRATE FURANCE

The step grate fariong melbod has bean bhe most
conventional technique  {for sk fFiring 1o Lhe rice
processing  andustry, perlwps 211 over L world, since
its firsl agpplicalion bty Covaw2 an EHEorma i 1880, The
basic fealures ot & cunvontional anclined slep qrale
furance are shownr 1n Fig 2.1, Teedang of hbusk is done
manually into lhe hopper and Lhe rice husk passes an
from the bollom onkto Live jnclined step grate. The
hurning 13 initially commenzaed by sharling & Five al
the boltom of Lhe gralte with Lhe help of tirewood. The
rice husk calches fire when a temperabure of around 450
D¢ is attained. A nalural draft is produced when Lhe
evhaunslt gasses by virtue of their high lemperalure and
lower density flow Lhkrough Lhe doorway Lo the boiller Lo
which Lhe furance 1is allached, and gel exhausbed
throughk the boiler chimney. The grale 2area Lo be
provided 1s decided frowm Lhe voquived heal liberation
rale The rale of combustion depends Lo a large
extent on  the fuel bed Lhickness. TU decvreases with
increasing bed ithickness. However ; loo small 2
thickness is alse nol desirable as il resulls in heavy

entrainment of flue gas wilh =2sh. 14 is recommededa™
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Lhalt & bed Lhicknes of 3-4 cms. should be maintained .
The area of thie Jrale can be calculated frow Lhe Tolal
quantity of hucl Lo be fired which 3n fuarn would be
dependent uporn Lo foad  and Lo grale Joading
factor.The vrecommended nqrale  loading Tactor 15 70-80
kg/sq.m./hr.The volume of hust seel may be deiermined
accordingly from Lhe densiiy ot ILhe bhusk which is
120-130 kag/m.=.

The efficiency of Lhis Lyvpe of farnace is ayaound
75-60%.10L has the fwvllowing main deawbacks o uyse on a
boirler:

1. \ the feeding manual  and Lhe burninng
erratic, fluctlualions in  boiloer Lemperatbure and
pPresner often ocour.

2. The combustiion + «f« <1 hwuzl 1 low on a 1ol so
Thal the response of the furnace e hotler load
15 foor.

3. The exhaust gasses confain ' A b whiceh
getls  deppsited on The  Lulvee: of the bealer ., Thig
recultle an docreanes of  heal veanirar o hence
n¥fficirency of the boiler.lhe breakdown maintenance and

downtime of the boiler

also

LI L ICH



b The construclion o9f the furmnace is ringid and it is
nol weasily disconneclied frowm Lhe boiler. Interchanging
of husk firing wilh coal fireing is Lime consuming,
leading 1o considerable boller downlime.

S. It reqguries conshant * polkking Lo ensure proper

combustion and an  exusra parsvn 1% yegnired for Lhis
purpose.

&. Il has been found Lhet asdequate »silentlienn ha- nol
been paid to the slope of iLhe grate which 15 usually
45°-50°, The angle of repose of rice husk varies from
35° to 45° qdepending upon Lhe moisbure conlenl and size
of particles. Thuas, an 1nclimation of 45° ~ 50° does
nol faveour a smwoth flow uf Lhe husk. loo high an angle
of inclination is also harmful since in Lhis case Lhe
particles move very fast and Lhe reileniion Time of
particles in 1lhe combusiion zone 1< not adeguale enough
to ensure complele combuslbion. Thus combustion
efficiencuy iz further adversely affected. Il isg

therefore vrecommended Thalt the slope of Lhe grate

-~
cshould be belween 50" 5LE*,
7 The maximum flamz temperakure finally achived in
grale lype of furnaces al conbinuous combusLlion

conditions is of The order 700° ¢ oniy.



It way bec mentioned Lhalh the main complaant of
boiler operators i:al  busk  Jived boilers ronvertesd

from coa) or oil do nol give the same level of sieam

Jeneration airLses [P0 YA i)y firom Lho  use  of
undersized agrate and bhe  lower flue Lemperalure.The
maximum flue Lemperalure altiainable wikh  the sbep

grate furmnace 1s aboul 7Y00°C as againei aboul 1100°C.
in case of coal fired furnaves and J1400~-1700°C.in case
of furnaces using oil. A Llypical grale furnace used on
a ceoal fired Hoiler of 1200 Lyg/hr satuialed steawm
capacily consumed 3&0  kgs/Zhr of husk  and raised j000
kgs of steam al 20 psi giving a  Lherwal efficency of
about 51.1% and a waler evaporalion facior of 2.77
kg/kyg of hask. Assuming Lhe bojler efficiency Lo be S0X%
the combustion efficiency 1is caliulated to be 63.75%.
Z2.2.2 MDVARLE INCL-INED BOX TYPZ GRATE FURMACE

Figure 2.2 shows a Movahble JIoclined Bog Tyvpe
Grate Firnace== developed al Rice Processing
Engineering Center. I.1.7T.Kanpur in 1976. The furnace
ig made of refracliory bricks and is  oquipped with an
inclined grate, consisting of casl iron bars in a
stajircase fashion at the Lbotlom of which is provided a

horizontal grate .
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The husk 135 {fed al the Lop nf inctined grale with
the help of feediny rodler maounited 1n the hopper anid
powered by an eleclric molor. The burni huelk or ash is
disposed off inlermitlenily Ly rotating Lhe torizoenlal
grate manually . The 1nclined grale 15 alsgo movable and
15 made in Lhree scclivns. The amgtae ol ineclinalbion of
the slepcs 1n each parl  can  be regulated making 3l
possible Lo contrp) inlreduction zone . Lhe combuslion
zone and lhe residual zone separaled from each olher by
having different angles of anclinaltions an zach
seclion.

This furnace also incorporales (he provision of
an air supply by providing an induced dreafl fan at the
stack or a feed hlower.

The advantages of thigs fornace over Lhe step
arate inclined furnace are as oander -«

3 The slope of iLhe grale , which is in Lhree
sections, can be regulaled, thus affording bheller
control on flow, fue} hed Lhickness and combuslion of
husk an The grate.

2. There 18 & |provision af mechanical aye supply
through the blower or inducad drafl fan  where—as in

step grate the draft was Lotally slependent on Lhe

=c

.t



ctack. Thus moure complele combustion i35 possible.
S The feedimy of huslr is nmnaform on the Jrate widbh
due 1o mechanical fedinyg of husk. The furnace destribed
above performed wilh & cowbasition efficiency?*r  of
67.32% at a husk foeed rabe of 20 kg bhr amml an air flow
rate of 2.863 m =/hr. The maximum flue lemperalure was
found 1o be only 380°C. This 1s due Lo Lhe possibility
of very high air fuel valtin condilions in vombustion.,
The main problems wilh lhis type of furnace are
the high carry over of {fly ash . Jarge space

rejquirement and low allainable flue lemperalure.

2o (208 HORIZONTAL GRATE VERTICAL PRESSURLED FURNACE
Figqure 2.3 shows horizonlal arate verilical
pressuried furnace®® developed by Annalmalal Universily
in 197&. In  this furnace Lhe grale 1s horizontal and
1he husk if fired on Lo it by means of Lwo chules al
Lhe boltem of feeding huppers. Paddles are provided
for regulating the husk feed., Air required for urming
Lhe hugk is  injecled through air nozzles under iLhe
conical shaped CI Grats which holds Lhe heap of rice
husy Ffed in  The furnace. The furnace hag a SQUAL e

seclion of 160 om x 160 cm x 33Q comy.

3&
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The furnace performetd al combusilion efficiency of
73.31% at a husk feed 1albe of 40 kFg/hr and ol v foeed
rate of Z2.83 o™/ uin,The watimum flame temperature was

of the order of 700 °C

Th&‘ nmarn drawbacl Nt NI i Pt Iy 15O 15
Lho ath carry=  over  wilh TS and o Jow  pasimum
lemperature of 700 C. Beside ,Lhere . high power

consumpiion for the blower for feading hust

2.3 RICE HUSK CARBON1ZERS
In 1his Llype of rice husk Jurnaces Lhe energy
exlracted from the rice husk is only Lhe sensible heatl

contained 1in Lhe volaliles and parl  combusbion of Lhe

fixed carbon - Carbonizors are alsv somalimes callsaad
yessifirers Lhey separate Lhe volalile gasses and
leave  back the charred carbon and ash,. kv 00 Lhe
distinct advantage of lLwving 1i1Lle or no fly o but
also the disadvantage of a oocapital costb, & heal

recovery of 4% Lo 30 %Z of Llhe rice husk calorific value

in ithe wvolalbiles 15 o 1 d dn Lk ' i of
carbonizing Lte hush . The carbonaled huw 19
subregquuntly brigqubtled intn TRERL TR el ivl
However, they have a very Lol pilal cost



Some of lhe rice husk carbonizere are described below
2.3.1 HORIZONTAL DRUM 1YVPE  CARGONIZER

A schematic diagram of Lhe horizontal drum Llype
carbonizer® 1% 9given 1in Fig 2.4, Husk 1s mannally
filled in Lhe husk lank (1) aud fod by means of a feed
roller (Z) opto an anclined open shos o vhuie leading
to the air inlel (3ot & blower (4).From Lhe hblower il
is hlown through & conveyor gale (2), cyclone (53 and a
damper arrangement (7)) inito Lhe burning chamber (8).
The burning chamber has a socondary air inlel (2) amd
is equipped wilh an o1l burner 10) Lo start Lhe
combustion process. The burpning chamber is providoed
with insulation (11) Lo gprevenl excessive heal loses.
The products of incowplelte combustinon are lazd Lo Lhe
carbonated-husk separaling-cyclone (12) Lhal separales
the rice husk 9gas (13 frowm Lhe carkonized husk (147
The air fuel ralio can he adiusted with Lhe feed roll
mechanism and dammper fo control the combuslion
reaction in lhe burner rchamber.

The wmain advantage of ihe carbonizer ig [hat
there is no problem of fly ash. Il however requires a
regular provision ot secondary o0il firing sysbem lo

suslain Lhe combuslion process
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Z.3.2 ROTATING SPREADER TYPF CARLOMN]ZER

This 1lype of furnace®” is scthemalically shown in
Fig. 2.5 . A husk conveyor bhlower (1) Blows hlusk
from an openn heap tThrough a caonveyor tuhe (2) tn an

inletl cyclone (3) From Lhe cyclone lhe husk is fed into

an inlel hopper (4}. A feed screw (5) al Lhe hase of

Lhe haopper feeds The hust: on Lo a rolating spreader (&)

in the first heirning cliamber (7).Here partial

combustion takes place and the carbonated husk drope

to the bottom from where it is fed by a screw ronveyor

(8) to an intermediale husk extinguishing chambar ().

1t is then blown wilh-the-husk of another blower (10)

through and husk conveyor pipe (11), cyclone, (12) and

hopper ((13). to the carbonaled bhusk container {14}

The gases, on lhe other hand ;=< from the .3

Lurning chamber (7} into second chamber (13), third

chamber (161}, and chimney {(17). 1o showering tower

(18), where they are washed for dusl pollulion controyl.

p.3.3 VERTICAL DRUM TYPE CAREONIZER

A schematic diagram of the verlical drum type
carbonizer® is given in Fig 2.6 tusk from open heaps

is blown throujh feedinyg cyclones (1), hopper (2) oy

feeding gate (yinto the first burning chamber {4y,

41
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ihe : yobur
secondary burning chamber (S) 5 Jec d
- & 2 eSS ine as &

cvrione 1 ¢ ) sparal i
which separaloes Lhe carbonized husl 1
- - Al Ij Fo i_‘, (3

1t ir C '
1to Lthe carbonaled husi: colleclor (&) iros b
n wWhere

1l 15 or : i
I CDnVC‘yE’d Tl U“'.}h A 2 e () l,’ and (:'Y'C]UHE ‘ .1;_;) i
- [l , £}

Lhe carbbonalted feers ks hUp[lE‘,t’ (13) « The SHOte 75 }
2 ~ € rome Lhe

secondary burning  chiamber 15 passed  Lhr oudh
e roungh dust

colleclion cyclones (/¢ e o,
- J * € a) & (7b) Lo senars _
) ffrerale Lhe anbr

' runt

whiclhh are collected 1n duslt colleclors (84 1 (8
i i ATh b).

the hushk drops into Lthe Conyveyor Pipe (41) Whil
- Whiie

the thusk free swobe is led Lhrough Lhe smoke = ()
PoRmoke pipe (97)

to the ctiimney (10) Uhrough lhe precipilion chamhbe (14
damner 14,

The above three furnaces are used for tLhe tH
: e

sroduction of large scale carbonaled husk fo
= B, v

The capital cost i8 high. Considerable

briquetting.
sensible heat contained in ihe volaliles of husk howev
er

for low temperalure process heat

is often wutilized

Vequirements.
SUSPENSION BURNNING FURNACES

2.4
Tr’aditiﬂﬁ&l furnaces o the grate Lvpe SUffor
from high unburnis and poor load response . Fffgrig 1g
improve the efficiency of such furnaces have Lesn made

manufaclturers as well as _
o echnical
1l and

l|y pr _i_ va L e
i G\ i .t, u ta ecS - l l.l ese 'l ave ] 0 !I.' l.: ) t. |l ] li@ ve ] (] I V1A '
[‘l‘ l 1 ~ . 14N b

research
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of air 'suspension lype furpaces. In Lhege Ty

and air are blown Logather in Lhe bLurnoy clramber ani

husk is burnl in suspension, on froviding o much larger

surfarce arela—to—voluane ralin uloFfyel for cambusthyon

The syslem ensures mmore  completa combustlion of rice

husk leading to increased buirning efficeency and hrzighier

flamme temperalures.

2.4.1 HORIZONTAL CYCLONE FURMACE

Fig 2.7 shows a horizonial cyclone furnacee

develaped by Rice “rocessing Engineering

Center,J.I1.T.Khargpur. Primary air and liusk are blown

tangentially inlo the furnace There 15 also a
provision for secondary air inpul into lhe furnace.lhe
the heal Lrangfer Lubes of ihe boiler

flues are led to

and subsequenily to lhe slack. Thev tlues are subjected
to cleaning by washing before going bo the stack. The
1.10 m in diameter and 2.39m long,

cyclone furnace is

The maximum combustion efficency of the husk in (ki
furnace was /0.714%4 at a feed rale of 1490 kgs.husk /pr
of 12,402 ,min. fhe maximum

and an atr flow rate

temperature attained by Lhe flues jgases is of Lhe grdes
of 1100°C. This furance s well suiled for vertical

poilers wilh flame 1nlebs al (e Lo Ll an

LLancashire typt
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The disadvantages of this furnate include i obhlems

of wvibration caused by 1Lh2 horizontal cylonic flow

witfhin the furnace. The Foundations therefore need

careful construction.

The fly ash 1s nol separated hefore the flues

reach the fire tubes and hence the hazard of excessive

ash deposilion on boiler tubes, low tLhermal efficiency

and high mainlenence remain for Lhis Type of furnace

also.
2.4.2 FLUIDIZED RED FURNACE

Fig. 2.8 shows a {fluidized bed tusk Fired

furnace=®edeveloped at F € 1 , Thanjavur,

The furnace is & cylindrical hollow chamber with

a concentric cylinder constru.ted wilhin. The outlel of
leads to tLlhe theat exchanyge

the inner cylinder

equipment. On a cement concrele foundalion the base is

made of standard quality red bricks, and the inner and

outer cylinders are made of 1ire Iicks a1 I86-8 quality.
an  M.S. jacket wilh necessary expansion jointls are
the outer cylinder for struclural strengtn,

provided on
A pressure of (=) 12 mm WG. is crealed at the out let
of  the inner  cylinder hy means  of an induced

draft fan. The outer cylinder is provided with ap

47
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' the hiust RIS I t o

meters above the flooe Yo T
enter the ouler chamber “ Lhe  annular
* G
space. I mieur. N : '
' Losd

ouler chamber ond rises uplo Lhe dowe and moves down Lo

Llvough the ftluye

vl

path at tlhe tholtom.the denbral Cvlinder is 4.5

meters high and the fuel migture lravels alleas| 20

meters from Uthe point of enlry to Lhe oullel. |he
special feature ot the vertical cylinder design is thal

the heal from the flue 98s pascing Lhrough the central

cylinder is atitized foi pre-heating Lhe fresh fuel air
mixture enlering into  lhe aduler chamber . The
temperature of this zone 15 alwavs above HO0Y C.The

temperature of the mixture <(husk and air ) rises in
this preheating zone of pre—healing zone and Lhe lusl
frolp ot hthe odygen availlable jn the

burns with tlhe
The 1gnition continues un-interrupled in thig

mivture.
ihe air husk mixlure is fed jn. The

as long A%

zone
combustion e completbe as  Lhorough  Lurbulence jg
1 b -t
maintained in Lhaas “oNe. Fecause ot Lho agilalion , {he
breal ur and complete Incineration of RKugle
J - ) .

particles
The renuisile amaunt of excess arr keepsg

Lales plae



Lhe fFarlicles provided ibbh o suffirient OXyYen For

combustion. The aisy lis] Myl ar " also hbe admil bed

tnlo Lthe furrnace from muliiple points <This wil] help

maintain L Lierhul o AT L combustion

gfficiancy.,

The aim of The cylindrica] UE3IGNh is Lo trap Lhe

ashes produced in the procoss F o CHELADING into Lhe
equipments wilh flue= . Thi 'S Athreved ac lhe flua
gases and mixture whirl Srgand v Lhe anu)ag space
between 1lhe cylinders .Due tu in, CRHLFITugal actien

t.hf‘ e Liglag are 1.?'!!“!.‘)-.-)!‘! and ag ftnld e I Lhe a5l SPpare

al the bottom, while the Jases rrse Upwaris afnd aro

into Lhe inner cylinds,

sucled
v omodel of Lhic turnace inslaljed L "The Modern
Rice Mills, Fhantavar® qave heal output i

approxaimately 7.500 kcal/min. The internal Lemperatlure
of lhe furnace reached  uplo 1200° Coe The At bLis)

combuslion was worked oul Lo be around

efficiency ot

80 % and the ash produced was reporbed Lp be alimust
completely while wilh black specis wply 5% oy 0.

The main drawback of  bhis Syslem 54 Lhal e

upward cyclonic  flow of deed it in Lhe same annular
space a5 Lhe downward flow of ash from the Combustion

30



hirgh order.,

ny

Jases, so lLhe separalion achives] nol o4

Th@ €OSL 0y canslrdelion of L i.}l_.ll'.‘ o Fare 4 1l
W3Ce Wl

“apmcily ot burning bushk al Z40Kg.shiv 255 aboul Rs

75,000/= 1n 1932.

2.4.3 VERTICALI. CYCLONE FURENCE

schemalic drawing of a2 wvertical EE L Bhhi

'\ o o g B 3 1 v e = .- 3
furance is shown in Fig. Z.%. Husti f¢ fed manuallv

into a hopper (1) with an adjusiable oullet apening (7
leading Lo the inlel of . blowet (37. The inletl Dpeaing

of the blower 1s also adiusltable hy weane of a sliding

damper plate (4 the aiy dnd  fuerl Yded rates are

simple devices.

Lhene

controlled by

Th husk and @l SR Bl oun [,(]}_Q@T’,}",Qr Ly Lhm
(7)) Lhrough « connecling duct (5) and

burner chamber
dietributor (A) which gives Lho feed (fluidized

Jas
sk air mixture? &n vpward =piral motion from Lhe
inlet at [fye  boltom dnbto  the burmer  chamber.Yhe

combuslion proce it anbtially siaried by ll'_'ihl1lh.‘) a
i Lhio chamber .Combusiion of (he

fire of wood placed
fluidized hhusk takes place sponlaneously and Lhe

combusbion mechanish pecromes very inlensc.Thie products
of combustion are ited from Lhe Lurner chambe r
tangentially Lthrough A connecling duct (&) to Lhe asy,
TR gJga c
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2., Adjustable Outlet
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6. Distributor

4. Connecting Duct
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separalion ctiamber () hurner chamber. The ach separatles

out to very large exlent and Lhe Flues are then led to

the heat Ltransfer 2aquUl pment vAartving onlv very finpa

= b,

The design was firsl.used dor The calcination of

lime in a wiln. The syslem bsrr a0 Egoof husk/hr . and

a flame Lemperalure of arcund 700 *C Jwas easily

arhicved wilh remarkable glalbilily. the residuce ash was

found Lo Fre greylsh while wilth neglighle (races of

black spols.
The hurner sysle@m was T B I S

coal fived hoiler of capaciby 250 kg /hes of saluraled
S0 pel [te Lemperalbure alttained was ahoul

sglimalod firom Lhe flame colour ., Tho system

steam at

1250" €. as
hurnt about 75 leg. lask per hour and gave Lhe rated
outputl thus giving & Thermal officiency of aboul

sleam
. A suming boiler officiency Lo he /3%4.  1lle
Lfficionucy wah @sCimatod th a82.7%n

combustion

There wWere howpver some problems of Lhe syclem
1

chokinig L due Lo soilened ash cogglanoralbing on the
t D '

Lbee comhbustian chambet and Carvy gwer

inside wall
of some fly ~aty, bLbounh much loss Lhan din conventional
S 0Mm e .

grate furantcée.



OVERVIEW

There have heen wany lLypes o designs of grate

furances for huruing ice husk s fuel . however. most

of them suifer from ome or mora ot bLhe folloewing drawhack

Fhe combustion efficiency 1 low. an Lhe ranye of

h74 to 73% and Lberc 15 3 higli perccidlage of unburnt

Ehe ash.

The flame Lemperature acthreved is of Lhe order of

a LaimatLaiion O Lhe 5 E @A

only 700 ¢ putiing
generation capacity of & boi1ler.

3 ihe burning of fuel on Jrate W §
leading Lo fluctualion n the . du e , parson

§ & coquired aloke Lhe Fuel on Lhe grate Lo ensurc
proper combustion. The rate of combustion also is low
so that these furnaces have a poar load vrasponse.
ash particles Lo lhe

is a high carryover ot

4, There
boiler tubes which get deposited there. This decieases
boiler efficiencys higher maintenancea costs, increased
. ;

boiler dawnlime and shorter life of boiler tubesg.
oile 1

The above facts have led 1o searcts for
| 8

alternative technigqued of utilizing vice husk =nergy

ernatave 5

31 o fiusk carbonizers ans

) ! developﬂ'li.nl: % [ 5 11z2ers anid

leading to Lhe

1 2 Ma&cCQoon
supenslon purning furnases

p



Husl carbonizers ary s e dd Lo burn Ay 1he

VOIatiles in vice hust Afked Lhie ML)y Catbeoin ig

q r
briquetied and uced as fuel. They da ot PUSE any 1
R~ )(

asly problem. The heal of the valalile combusliples can

b2 used for process heat. bhul Lhe lemperatyres attained

are very low and unsurlable £ hoilerg They mav be
ey, ) o .

used for low itilensitly heat Operabion Jipke d!"}’llag et

Alr SUSPeNnsinm bBurrnev SRR MAX 1mhm hoat

recovery from rice husk combus Ligr,, Three lyvpes of

furnaces namely the lhorizontal CYelong fuenace Lhe
HCnace,

fluidized bed furnace and Lhe vertical cyclone furpace

tave boen developedd. Al Ui these b ey le in

spiralling husk-air +tlows. lhe cmbustion etficiencies

of these furnaces range £ rom W b 82.7%. and Lo

ltemperatures thal have been aliained are in Lhe range

npf 1200° C. the highest ever far rice el hUFhing, The

horizontal cyclone furnace does not incorporate a

system 1o seperate  fly “ash - osm he Flisag. Wheras

atlempls to do so in Lhe fluidired bed {urnace Ftave met
with been partial SUCERSS . There 15 scope for
increasing (o h seperalion efficienvcies. I fie verlLical
cycione furnace has a relatively good ash separation

Ef‘fiﬁienc}’o The afl‘-’antagf‘ o llll_"jrl t&'fr”jE‘r-&lT.'LH‘E\ att&lined



of an order of 1200° C has a conseqguent disadvantage of

causing fly ash Lo sofien and cogylamorale ou Lhe walls

of the furnace. lhis leads to choking in Lhe vertical

cyclone furnace.

The suspension ‘turnances need to hbe improved to

attain complete combuslbion and heller ash separation.

L:)é;



- CHARACTERISTICS (QF RICE HUSK as ALITERNATIVE FUEL

SOURCE
Efficient ntilizalson  of Pre busk  as  Tyej
depends on pEanar undnrcLandfnq 0F by phyeical i
e U e e fa

Chemical properties, itis CONbUSLIon Characlersyics '
S TR - iy

Lhe  requilrement fag QAT s inper D low g, s
S

Lhrough lhe feeding svslem el

Mie characteristics of rice s Produced 1o Lyl

vary consideraiply hecause gi VErY large variely pf

grown in  Lhe  countey. Cowmnon varielies of ryica

grown include Padma. Dulen oIk Patna; and Bacmali.The

TEGRE Loodrowpaddy ranges from 4y, Lo 27
depending on fhe vartely . dhe average yield jor Lhees

varieties may bhe rhmed Do be aboul 2%, Ak bhough all

rice husk contains aboul A0% crude [ibre 2%% nibroven
2% mineral  maller with i

free extlrachs anil
ponde prolein and soluble exlracls. the

quanhylies e
chemical composibion differs according Lo varietly of

rice,location and efficiency of milling Procesas,

3.1 PHYSICAL PROPERTIES (F RICE HUSK
Rice husl surface is a free Flowing materia) Wil

an  angle o repose  of Ahout 35°. 1u can e bl
= ) if ARt ) ¢ T T S
handled easily hul because of 147y low inertia and hiigly



resislance mechanlical throwing ot the husl: 1s

difficull. BRecuase ot 1L free flowing

characteristics icfe husk can be 2us1ly drafiad by wind

when otored eutdoors.The curiace ot hustt oo rougle and

11 rauses very  {aslt weal atf hust

braczive. Henge

krandling mactonery The cueffrcienl  of friglbron of

rice husk on M3 PlLale s about .44,

The size vof rice husk dependas on Lae varietly. LlLs

ranges {rom wm Lo 10 oyn and Lhe width Urom

»

5.3 tao 0.5 Limes ibs Tengbth. The husk. when separated

boat shapesd. As 2L 18 concave 1n

from the IRRER SLREEN B
shape podricesd Bl be b Lhowglc maiataivning
their concavily, =170 bullk densatby.
Rice bhusl Jo¢ 5 low Y11 bl Jope af a1, 100
from 102 ta/m? Lo bagsm . The appareni  densily
Laslly NLANEE size  reduction. o

increases
smple  for husk of «0 + 100 mesh (i.e. Q1A% mm to
0.297 mm dia. ) epparent densily has bee reported Lo be

between =70 fryg/m2 Lo 420 toysm®.

CONTENT OF RICE HUSK

of race busk is Found Lo vary

3.2 HEAT

The heal contenl
substantiallys Jepending on itls variety. The calorific
valua of husk ranged Frow 3200 kealiky to 3800 kcal/ky



on  dry basis.Heal conleni of aboul %200 bcal/kg might

be considered a fair avaerage ftor rice bhask.
The heat conlent for the fivae Yartelles of rice husk

commonly Jrown in India 1s given g4, lable R,

TABLE - 1 CALDRFIC VaLUvUE  mF FIUGSE  ORTALIMER Al 3¢
DIFFEREFMY WaRICHIES (R FoapDys

VARIETY CALORIFILC MO STk VAL ORYFLC vaLue
VALUVE(kcal Ay CONTERMT (%) (hcal/hg Y ODRY
WET BASIS WET RASIS [AS1S
IR & 2937 .74 & L7 211
PATNAIL 3255 .43 10,38 R7A5 .06
PADMA 3108.99 HoEZ 332618
DULAR 3461.31 10 LS 38ET .38
L.16 3190, 7%

BASMAT L 2994.20

The  heal conteant on  wel hasis varjes wilh the

amount of moisture retained in equilibrium  with

atmospheric relative tumdidily conditions.

EQUIILIBRIUM MOISTURE CONTENT

3.2.1
The equilibrium moisture conlenl of rice husgk

varies witlh the relative humiditly as shown in Table 3.5

for four levels of relative humidily. The leyel of
moisture retained hecomes siynificani apgee £HO0Y,

relative humidily.



TARLE 3.2 EQUILTEBRIUM MOISTURE CUONMIEM

Relative humidily

Equilibrium moisture

contentl 0.S6% CUTY 21.40% 29, a4y

.3 COMPOSITION DOF RICE RUGK

[N

The proximalte analysis o common varities gf rige

hus) iec given 1n Table Z.3. As shown in Lhis Takle rice

husk contains 12 Lo 1272 tixed carbon &0 to &8%

volatile matter and 13 Lo 17X Ash.

Table 3.4 gives lhe elemonlal analvers of rics

As geen from Lhe Latrle rice hush conlailns apoul X687,

carbon, 5% hydrogen, 2% nibrougen and upls  0.12%

sulphur.

TAGLE 2.3 PROXIMATE ANALYSIS UF RICE HUBK

e e . —— > R o —— i — - At o s .

Variety of Hust volatile {lxed AT Mojdsture
Mattler % Carbou % y ¢ Y
&7 .0 13.0 17.4 3.5
;ztﬁai 68.0 1?-0 jﬁ.Q 2.0
Padma 67.0 1?-0 12.0 2.0
Dular 656 .0 15.0 16,0 3.0
! &b oS 15.0 16.0 z.5

Basmati

&0



TABLE 3.4 ULTIMATE ANALYSES OF RICE HUSK

-

Variely of Husk B [ i
IR & 39 .26 1.9 < OM10
Palnal 33.% . O.r
<
Padimet 8.1 1.7 [ Q1
Dular 38.% 1.7 (.8 0.10
"B LE Sl o 0.10

Baamatl

REQUIREMENT FOR CUMBUSTION OF RICE HUBK

The theoretical Aanodal  of  are redquived faor

complete combustion of ricce busk sway he computed from
Lhe ultimate analysis of rice hast, using the basgic

equations of combusiion of carbon, hydrogen, sulphur,

ete. Oun application of bthese oqualions to rice husk o:
IR-8 varieby, il was found Lhal 4.807 k3. of air or

2.7333 w3 of air atl NTP  are required for complete
combustion 0t ODE by, of rice hwsk. The specific
weight ot roducts of combpuslion 21 MTP found to he
about .31 kg/m~. The details are giyven in fAppendix C.
These figures are used later on Fov  designing

for comiusiion of rice bust beeping

suilable system

in  mind Lhe heatl flow, s s filoaw velocity and

pressure drop factors 1n Lhe goesagn plan.
3.5 CDMBUSTION OF RICE HUSK IN FIXED RED
The combus Lion of enlid fucls an Frred beds hasg



v long been regarded ss a mass Linsfer problem (he
: . |

diffusional Mas% Liranisfor Live o1l ihe La s Crlmn
L S

Survounding Lhe  purnrig soiid [fae) l'rece Conlroale Lpe
i coL

overall rate  of  reaclion in {uoe) heds, axcept during
21 ; ,

the later SL‘:"';E' ot t"“'nlﬂ'J whien THa ash laver has
o o 5

Arown  sufficienbtly an Lhickness () become Lhe rate

conirolling farior,

AT ordivniary LUtperalures Fice  fuycp acls as o

flame retardin malkerral, e peculiag

Lruclural  arrvangeimenty of Fica husk

G

1lica~-celilulaose 5

restricils burning uf husk and reloage of fieat unlike

other organic matervials., If lhe hush pile 1s very Lhin

and is adequale air bhlankel Luibulince jg present Lrue

burning of husk may accur n an alimoaphiecie pile.

Whil~ invasligaling Lirte combust 1on OF rice hus

on fived beds of Lhickne<sses varying {from Zcm to 4.5
cm  with air Flow raltos of 238 by /w2/hr.le 14 by /@ /by,

Maheshwar1®? found Uhal the instaokancous rauie o
combustion attlained ils peak value belween the 11th
2M4 121 h minute atler iguitian in &1 Cisns.
Thergafter the rale decreased. This way be Jue to Lhe
Jrowing ash layet thickness which Jradually comeg to
overal resction o ote, The  camplete

tcontrol Lhe



combuslion of the huclk 1 heid wac abserved tg Lat
= tbserved ake

o

aboul 14 minutbles or so.

The AVOrAage compustion e wan Found 4o
incresae wilh  The Lncreas T Forlaw iate Lill o
Mas 1 muUsmn f wohed. Far they Fcrs ' R the air

(58 | 1 hvragd from

the bed. comliuzlion
’ ! wilvlh

TiE wies: Ll Combiuuslion rale

ifncreasing  bed ' |
schivved in bed was 61,76 " A air 1w
pf 532.42 bLu/m=/h .

As the ait +low i P S
bed temperature also |
value tvid € ‘1 ‘ Lhan Lle maxrmum rate of

Lhe werage  bed Lewprralure

combusiion

araduell decreased., T1fils was puisibly  due to Lhe
formation of a large viplume ot producis of combustion

| a0 auay oInoreasing amount aof heat from

wh s (h s

the ‘FU@.]. bed Lhed Frirars NI T
tamperature. However Ip vt low bed heights Lhe
hed tLemperalure allained iLs pe | ! b cormbus L jng

planeg moves with Lhe

liberation of yolatyple malibor,



e Sl v/ CEH’FIE" Yy L i =
A s 57 Lhe NOrine. ‘]Ucl th'\’ { ] & g ¢ I
l {I ll I l LA O K1 X} Ceq =
k 5H& }’

{‘OI- - v F . . .
the combuslion process, It tas hoen establish e
JLISh e

that the <critical velocity 1or Fluidizing Lhe huspes
- ’ H 5 s et

i o
s bmt./sec and 1oy Fluidizing husk ash ahogyve 10 Wi cro
E - crron

size 1.5 mis/sec.

.I” ")'USF'&"”SjUH harnin ] Of u
= . iR ¢ ti1ce h sk Loc f )
E2 " OU, i 1L ratio
v - 1

0f husk feed rale To the aivr (low rale plavs a cry ]
= plays & uctal

rol i 2 1, 3 &5
e 11 Lhe combusiion procesc, Composiltion of

combustion Jases, heal loss in cowbuslion combusliy
: O slion

efficiency and the lemperaturs of comhuslion gases. It
X L - -

is also observed Lhal a minimum temperalure of 450°.

Lhe combustion chamber Lo

musl be mainlained N

continue the procedss of heal wvolulion Aocordingly
5 ” gLy

for a wgiven air tlow rate and use of Lhe conhuslios

4 5 d ]
chamber a minimwn  husk  flow  vate  and size must be
to generate suf ficienl heal for Lhe reguired

assured
temperalture.

2.7 EFFECT OF ODPERATING PARAMETERS ON SUSPEN
BURNING DF HUSK SPENSION

experimenlal ' Aot ¢ ,
F & | been

Considerable
tollected resgarding the effeclk of vperaling parametlors
in sugpension burning of husk.Appendix D lisls ihe

results of a serigs of T e8LE conducted by Arora ™ undep



varying cond:rtions of fusk teed raie and airc flow rate

Same of The dmportanl conclusian rrsing oulb gf Lhese
invesiingations &re Jdiscussed helow.

3.7.1 EFFECT 0OF MUSK FEFD RATE  ON  COMERSITION OF

COMLUJSTIUN GASES

Fiygure 2.1 shows Lhe ed | ot variation of husl

rate on percenlage ot CO. O Lnd CUZ an combust o

Jases al different alr 4low raics. As cxnr be seen from

Lhis figure, 1 le peroenlage of Ch and CU= nn 0ases

increases wilh an increase i Lhe husk flow rate {or

a given air flow rate, while Lhe percentlage of O

decregases. Thig dg  due ta Lbe  fact Lhal wibh Lia

increase in fuel rale, more tuel i< burni leading wvoa an

increase pertentage To an docroased percenlage ol CO

and CCz and lower perceniade ol Di-.

3.7.2. TEMPERATURE OF COMRBUSTLOMN Gifzii
an increased supply of husl per hour resulls jn

an increased fhweal produclion ingside Lho combustion

chamber . Thic resulls in increased temperatlurs of
combustion Jas5es5 at higher Teed rales and vice versa.
It may, however, be abservesd thal this phenomena holds
an long as the air flow rate is in gxcass of Lhe arr
required for complele combustion of Lhe husk feed ¥1lpuy

rate.
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2. 7.2 PEICENT HEAT 1LOSSES 1M CONRUS T 10N AND COMEUST L0
EFFICLIENCY

F g 3.2 shows Liee pe Cohibage variation of

heal loss due to C in Lhe auhe O o the Combun b en

3a9sses  and lotlal heal josos will, therease of fiusk feey

rate, it Can b o seon Lhal Qi to e

tarbon in refuse go on dotveacsng gl Upta @ mingmoa,

and then starl dncrcasing  as  Toepg Pabe of fuel g

depending upon Lhe arr ilow sale.  Jha same ;. Lrue roy

lasses due To COU iwv combuslion PRG0S a5 well ag s

losses for lhe cowbuslion jprocecs. jhig tllucstrates

that praper combuslion lakes place ar MLy a particular
oplinun combinatsong are listed in

el 1t ratin. The

Table 3.5 below.

) FUEL — COMPINATIONG FUR OPTIMUM OFERATION

TAEBLE 3.% OFH
OF DURNER™

Hust: @Air flow E cess Lossesy bossoes Tolal Coambig s -
Fﬂed rate Aair in unhbu  1n CO lusses lLion ef-.
kg/br m3/min % Fol car - % Ficiency
hhon % “
_;_~ —_1j7 L7 7.7 7. 90 . 7
z20 2..18 4%.2 8.9 Q. e LI 91_4
o5 2.55 57.4 6o 0.7 ALT 95 . =
41,6 &l - b 1 93. 0
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This table also shows The combustion ef{iciency

whicin  can  he directly dound feam combuslion losses

Lower combusLion losses me il v bhigher comhustiu
= - - AR I T

eficiency and vice v2rSa.

EFFECT OF FLORCER F.XCL B85S aIFk

3.7.1
The perconlajge of Li sUppliod  shove  Lhe
Lheoretircal requitemenl ot tuel has direcl bhearing
Lo oo Rxcess  arr has Lo be

upen Lhe vACLDhUSs e raihe

su;cplied Lo compleate Lhe cembustinn reaclions 11 Lhe

required fime and in Lheogueiin spacd. Al Lhouagh 2
ailr should nel cause any hana

higher smount of excess

[As) the combustion process an Lhe addilional air will

J0 unreacted Lirrough Lhe +wombusiion chamber. 1l may

lower Lhe temperalures below Lhe igoilion Lemperalare

stoppivyg the process  of  heal

of fuel thereby

Jeneralion.
AR lnorease in Lhe amount of excess 10 resulls
L increased proportiona uf i wmd decreasen
proporlions of roz and CO in compustion gases. Excess
air also has & snte in reducing the tewperalture of the
comhusilion Jases Fot Lhis effecl is compensated Lo some
extent by foaghel heoat evolulion wuplo D074 excess  air,
Thus Lhe temperature decreases slowly in Lhis range.



507, oNMLESS att . Lhe Lomper clure (alls rapidls
= )'

due tu the added effecl of inceasing heal lugses
: B RUN ~ Y

caused [y tnberrred carvbon gorig 1n Lhe reiuce and (he
= e and s

heal spread over & larger mazss ol combnsiton gases

The effect wof oxcecs Z0r 2u porcent heal locoa

15 JIven L Ll tugur s viearly shows Llyal

the lossers dne Lo gbnarn? var bon are Lhig IS

sses and 9o up Lo 18% of Lulal poblenlio)

predominanl loss

heatl o the {fuel. The maximum  JIosces due  La CO

fonrmalion @i observed oo The LoLal loguspe Ao

minimun in Lthe eNceLs @it orange ol Q0% Lo LO0%. Read
los4es dde Lo carbon monos:dd ard negligible heyond &0%

Lon lovbus increayes

eHLOETS alr. The anburnt
cnntlnuc’uﬁ’]}/ '.l“‘ Frocedl A4l f"ll"l'!.‘- 15 ifl(." van e
beyonud P YA This 15 bhecause additional air introduced

into the Gystem cauges gl hual éarticls
velocities, Lhus allowing Lhem les< Lime in the
Tiris eeaullbs  @n more and more

gpacen

combustion
going with Lhe refuce a2nd hence higher

unburnt carbon
Tthe offect of excess  &arr ot combustion

: g { ¢ 1 Fio R A 3 Tlhe of £y - o
efficiency 15 chown Ao ' fficiency of
for Lle  burned was found Lo be maximum iy

combustion



50
|
. 9 8 CEE S
30 - \
) : ’
| a /j )
20 e 7 — —
- \} ‘ 4
' 7 | (".*
) \ /
'o Jm— \l 4 T
: 2. 0
'... N p,{-‘
3
* LY.(‘\ _
5 '\IAE,‘——*'-’—O:-'-—A o .’ —_— ).l _ —-/(‘O
0 40 Bo O 2

g AIR ON HEAT LOGSES IN UNBURNT

e EXCE "
FIG 3.3 EFEZQQOSFAND CARBON MONOXIDE



foo
P N
O . )
| P \\
o 2o 1
Fg ™
M) o .
“ | \
; &Ot————m—"1T—" . \\
3 O
o«
.
1O,
f
n aob—
fx]
=
Q
H
&
52]
é Zr-P——
O
O
% 50 120 160 200
G0 -

+  EzR CERT

g ALR ON COMBUSTION EFFICIENCY®

: 3=
FiG 3.4 EFFECT OF EXCE



the excess A&y rany S Y C O
5t ol nge  of ¢ bt LO%.  Nery puoor

combustionwas observed al  eie ait abowve 100% o

higher excess arr percentages, Lhe teapetalure of

combrustyon Jases HOEs dowin resualling it 1o

temperature exposure Lo lhusk (orkicles resulling in

lose ot combuslion.

[t may e potnLed ol Lol 1orolatning Lime of

flus i particles 15 incieasced by makiog suitable

modifications 3 Lthe sesign af Lhe combustion chamber,

ar conlbeoling Lhe A&ir Flow patlerus, sLill feighet

combusiion efficigncles are pocsible



4.DESIGN CONSIDERATIONS FOR SUSPENSION BURNING S5YSTEMS
d (= -
I{ has becn eslbablished in (he previous chaplenrg

Lhat the cwspension hurving of 1oisk jn ajir e Ihe moed
’ e

efficient method of heal roevovery. Lhough some uife
by Lyigs] et

desiagn  aspecls like vonlrol oF 2xcece air and kandli '
- = i

of ash elc. need Proper care. A proper unders| —indl-‘}
e e 13

of the charactleristice of solid-cuspended flow gyctems

is of prime dmportance Tor Lie dlesiagn of a combngtng:
burning Lulk fuels like rice husk. 1he characleristic
features of 1lhrece Lypes ot suspendsd solid-air §flow

systems are discussed below:

4.9 FLUIDIZED BED SYSTEM

bed of granular  particles through

Consider a

which a stream of gas is slowly Flowing upward, as

ir] Fl‘_:] 4-.1, L Lh[:' o9 .f‘lo“lg '—IFT’W&lrd +.riCLiD]'|

shown
produces a pressure drop which intreases wilh velocity,
If Lhe hed made of materials thal sre nol free
flowing. Lhey can  form an arvh from wall Lo wall any
the entire bed is lifted by Lhe gas slream and risec
like a piston. In Lhe majorily of cases, however phe
arch will hreak and’ Lhe underside will &)1 down in
clumps aggregates. If Lhe clumps fall so as Lo form
an  open, stable channel of sufficienl size, most of
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Phe gas will flow through  tThas “hannel. The €Hpans o

of Lhe Led. in swch cases 19 far fFrom Unefarm. Witk an

threase in gas velocily, ihe porec ann thanrel s enlarije

and the particles become more widely soepayratad,

For  free flowing wmaierials, Lhe  jor.a space

eventually becowme 50 large Lhal no Ghable Aty angaemen |,

tan  exist, and Lhe particle Yibrale  gr wapiilale

Iocally in o a semd slali)e aria2mgpemanl, TRt Ty .

's’E‘lD("JLy Wl Ll e |y maberialsy Faspllc 1N Sverall

Clrcalation of the  bod, GEien Wil Lvonsienl oy

Clreams Flowinyg upwards In Channsig, These sireams

contain relatively roew parbicles,  wilh Clumps  gf
Farticles flowing downwarid. In Lhrg Lype  4f .
flow 13 Almws TRV,

fluidization, the nel s0lidsy
The &) . @ ot solid parviclies which csm he
K= &11.

fluidized varics over wide range from abogl Wi cron
Farticles in Llhe size range of 10 microne Lo
e X

to &0 mm.
0.2 & however are bool 1o smooti fluidizaliag Wil
fa 1 - &
leag: formation o large  bubbles. Large [, ,, .
357 i~
Cause s bat 1 by bt resnll LA LER LLY ST UUTY
J'jf‘; Lhéli'l IO nrycragn "n .

Small par L fes

Farm ..,!}l(l!lii?l oo [ i 1 (. l:'l(i‘d- fiddj“u ’P}.l‘l@r

Frequentty
Sized Lacles ta w coarse bed. or coarser s,-aq
28] {l:‘,f G L ‘
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Fbd 2z Lo a bed of fine= usuzll, resulls 1n betier

Fluidization.

5 y + 3 . H £
The proce ot 1luwydiorng therefore converls a

hed of solid parcvicles iolo an cxpanded suspended mass

of zero angle of repose. Lhal sewlc 1le uen level.ll

resembles A boilima Liguid wilh tubblies. This mass e
bubble coxches Lhe uppeor ot e ol Flaidized bed
Lhe gas breaks Lhrowglh Lhe Lia gt enve bupe Comgased
of solid particies pptlraining zome of Lhoce particles.
The crater shaped v Formed i rapidly #illed by
flowing solids. When Lhese solids meet al lhe center of
the vyn1d, they are geysered upwards. The parlicles arce
simpultaneously subjected to  lhe downward pull  of
gravity and the upwatd pull of the drajg force of Lhe
gas flowing upward. 1he larger and denser particlecs
return to the op of the bed and the finer and ligtler
particles 4&ve carried farlhe: upward until al some
Height lnown as the Lranspor! disengaging helght C1DEY,
loading and sice disiribublion are vreached.

s« constant
1 designed for boiling a iguid, fop

a wvessd

Just as in
, space mush be provided for
. ) iy sed plowo. S fact & ded for
& fluidized DE
L le sol s a0 fae

vertical e;{pai’i‘ilﬂ“ v
d i t of qplaghEd and enlvained malerixl. he
1sengagemein



distance between Lhe Lop ot The {fluid bed and Lhe gas

exit nozzle Qs iLermed as Ll frechoard aor disengaging

freight.

The wusual chepe of Lhe vesnel for and fluldized

beds is a verlical eylinder. (he Loba) cross serlional

pe delernmaied Dy vhe wolumelrid f1law

Phe allawable ol Fluidizing  velocily of

Lhe &S al pperaling conditbions. Thez Fluidizing

velocity 18 usually between 0.15% Lo 3.2 wmelres /sec.
This veloclky 25 hased L[0T Lihe
f1low Lhrousgh 1Lhe emply vessel angd i fregquent ly
v Lhe guperficial veloclly.

referred 10

4.2 gPOUTED BED SYSTEMS

(frte of Flujeization cannol be realired

Full
. Leee and uniform sized parlicles hecause

with beds of c0ars

. 31les which causes a Lendency
| large bubb ;

of growth )

Lowards slugging and Surgiiys
of syslem &% shrown int Fig 2.2, the

in this TYFE
1 Lhe hed thirowgh « small opzning al the
Jas enletrs
P . conical hase instezad of a uniform
center 5] &
I TR L velncity gas causes & sleeam

digtribulol-
. s in oa hollowed cenlral core or

, _ o rapidly An oS voor
of splids to 2%
- e bed. Afler reailiing somewhatl above
.‘SF'OU.L' “t]_'[, AL

~3
i)



F1G 4.2 SPOUTED EED
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the pag level, Lte 50lids a1l foct into Lhe Annulay

Skace  hbetween the spoul ‘b Lhe container wall and

lrave] downwards to form a packed bed, enly Lo rige
<the  varticai Cyclic

WA wilh  Uhe Incoming gas

Molion of thea s0lid particles tp and down §q Lhe bed
Fetmits sefficient residence Lime  orf S0Jids 1

sUspension. This leads Lo more comipledla combugtion of
$olids and a higher combustion efiiciesncy.

The minimum parlicle diameler for which SRouLling
s practical appears Lo be 1-2 mm, Finep Mmalariale
lend 1o fluidize.For a gJrven solid aggregate material

Column diameter and fluid inlet diameter there
bevond whickh the Spouting

2Hisls 3

Maximum spoutable bed deplh
into poor qualiiy Fluidiziatinn.'

dclion degenerates
At Jdeopths loszer than Lhe maximun  fop Spouling
there @ 1ots an uppet findt vt gs T1low rate for stable
Spouting, above which Lhe Leems b o movemen( of 50lidg
dreur gantoed rnd eveniy A RO T

tends (o become

Lo slugging.
Cisthmirty | eilher CoOnica) or

.,..gg.c'] ]

The sponting
C¥li 1 an ahape. With Lhe 1atter it is preferas) e
¥ indri Call [ 19

cal base tapering down Lo the inlet
lo fiave a hoel caondtc



= slide doen i1nto

orifice so Lhkal Lke solids can easily

the gas jet regioan withoul Tormithy 24 dead zone.

One of tLhe wajor disadvantages of spouled bed

systems for hurnindg of rirce bush 1s Lhat soch sysiomg

do nol effectively form wilh free flowlng solids like

(W]
ce Hhusl: which tend Lo Fioal away wilh Lhe arr Aafher
rising above Lhe herl level Lheough Lhe spout
these solids do nol Fall hact . making 1L dmpossible for
Lhe wverlLical coyclic motion to be eclablished and
thereby increase the residence Lime of husk in bhe

vegsel..

4.3 SWIRL FLOW SYSTEMS
& (1% se a spiralling motion Lo
i P syslams U e
Swirl flow
camos of selids in suspension.
‘agrdence Lima O
increase the resit
cnulls from the applicalion of
: o t1on resul
The gpiralling no
¢ 1 componenl td Lhe flow. The degree
tangent Y :

swirl or |
usually characterized by Lhe

sorrl 19
or strenalh of S | ' |
dypels 35 & gjon—dimensional numbey
we whi
Swirl Number .
th patio of lhe axi1al  flux of gwip]
e .
rapresenting -
' , ) Flux of axtal momenbtmn of Le
|
1LY
moment un: Lo
1 . o
o componenb ot velocitly for

al
enlia
| can be provided iy an e
. wir .
Jenerating Lhe



following methods?

1. Use of guide vanes.

2. Combined axial plus

inletl.

entry al gas

3. Tangenlial

in ilhe guided vanc

movable blochkc are nsed Lo

are fined at

The vanes

directjon and direcl

trend in Lhe design of

vanes whiuh

curved shaped

in produci

klade swirlers

however are Very easy ¥

1M Ffl"ﬂ €

Special manufactur

In movable plock 8

mounted on & centyal T

conveying the Flowr and 1
between the hul and the p
to Lhe axial plus pangenli
does not redquil® o
producing & cerlailnd Gw
strengths are obbainable
In the swifFl

very

tangenlial eniry al gas feed

feed 1vlel.

sy lem,nsually flal vanes or

deflecl Lhe flow direclion.

Lo the watnslieam

an angle

flow accoerdingly.A recent

vane swirlers is the use of

wre more efficienl than flal

ga  wirle Flalb blade swirlers

<,

-

o incorporate in sitlu, as no

@sw 195 reguired.

wirlers,khe vanes are usually

ub on Lhe axis of the pipe

trey oCccCupy the annular FEJLOD

ipe wall.u|hi5 16 really akin

al enlry method. This system

pressure drop For

friggh

lavel and  high swirl

jrl

usinhyg axial plug

generatmr



L of airr can bLe
controlled and melered seperabely in Lhe Lwo resperlay
. yerlive

ducts (Axial it . . The degree of swirl can

be varied from e by oviungls wir b ong

sdyuslsng: Lhe Ly Flow 1

made tn

Vi oe hhat ey il + low 18

desired.

The Swirl Number S 1s given
(1’“'
S (4.°1)
Ly 1'1/2
here Ga \ | ¢+ 1M | v o momen bum
G gl a0 mometr Lum
‘ H“ ng::_lg ERTIRAL
1f A8 SUCR AR R asasumed Lo
increase ”“.,“,“4 fvon Q@ al t O Lo W.. g
W fdye, us (4.2
¢ Lhe fAl et s o vonslant
i are nenlected

eJjual 0o Ume annd Luf Lulond
F-] 4,4 FoOr e l HUJTIDE.’Y' Pt |
{ 34.3)

Where G - Il,.,..l“u‘--'



Lo on combustlive flows, For combstyve nrgcesses o)
S 5 alsa

tlow patlerns have heen found Lo F Falv )y tmilar. The
B A . t

main reason fot this seems Lo be Lhal (e Combus by o)
S » L ¢

Process vccupaes wmusl ol Lhe v hambe volume  and

Lherefore does nol produce, sbrang densi by ani Lressur e

Jradients. Experimonlal evidewce subslanliales Lhe {facl

Lhat results may Dbe exlrapolaled  for  combuslive

conditions From established resnlls af aon—combustjve

conditions.

tYoder combustive condibticas, Lhe 1nlel  angulae

momentum Lo Lhe chamber remalns approximalaly constant.

Nevertheless, the axaal wmomenlaw of the oullel £1ugid

stream is considecrably inoeased due Lhe a2.o0lliesud e

Lherefore Is accardingly

reacltions. The swirl number®®

modified Lo
il
- { 4 -t"l)

where T, and Is are Lhe avoraqge inlel and ogutlel
Ltemperature of in degrees Kelvin respeclively,

and Si the swir} nwrber calculate:d ot Lhe inlel.,
Premixed swirled flames in turnaces wilth expansion

2.9 and o have heen stbugdied at

raltos D/d  between
Glasgow from Lhe aerodynamic and modelling poinle of

Tl



i =} o B _
View=?, It las heen seepn thal Lthe < .we Swirler car aive

different Yelocily pallerns 4y ife relalive gsiza gf

furnace diameter e g3 EthgHﬂ‘erlﬁJHg Lhe new sy

numbe:r as

V2
4.8&)
1

4]

It has been tound Lial ¢ gives & good correlatbion

between measured data for annular and vanpe SWirlepre

Lotk in Lhe combustive and isolherma) states  for Lhe
Yange of expdanisicli area ralios wmenlivned abnve. This 5

definilion based on  furnace diameler ralher (han
noz-le radius Characterizgs Lhe ensuinyg flow in the
main volume of Lhe furnacemot salisfaclorily, thal js,
the ensuing flow in difrereol /0 sys Lems depends wore

O5n B than oo d.
swit l 18 Lo 1ncrease Lho ANgle

The joirmar. use OF

2o r decay of axral velocify., One
[, f = ¢ ol decs Mo f arxral A
spread and Lhe ralbe o

of
velocrly fire]y

swirl

. : e
1s  not sp much concerned wille L
Cthe dnilial degree 6f swirl o
j y E f bthe inilia
S wilh Lha effecl O

Lhe subsequenl flow.

4.3.1 EEFECT OF SWIRI.:

F qc b iwld (SLLRLEN AL . LA SR n
ot prect

affuacls of swie)

) tn know Ll
.-ql-]-] L Calann

®Ngineering



flaow pallern. Experiment ol

or Lhe

SWirl  has  Jarge scale  efecls oo

dJrowth. =ptrarnment and decav foc

stabrlily anl

flame size, shapo.
for Fiieg  Alowsatleg  againe (Y o weyg
Increase Lhe widLh R flow fiatd and
entraimment of solids w1 lh TR 10
Fotr  exafple. 1 oo teat

Intensity.

Wil switl it almos t
NON=swii | countberpart Howav

taused Gy stear ood Lhe dea o 1in "
s GUre al LY.
vels Gy adverse sl e ess
' y Lhe Ll ang gf
Figqure. 4.3 to 1. stow U
Seesl I WRSHSUEE
Veluch,, awirl weloesby e :
cC ‘e 2 AR g b
L ¢ i L oyatt deritn nwR umbers. The
e Hxi1a 4O 1 Pow o vs
P focet . W oand axis
- swd el
a);g‘_"! V@l(lCli-Y U' o
st d t be
Prescurm (Fo .3 are found
. =t o 1 ¢
F 1 Lo the et =oermldoan Fowue Lh
‘roportiona i
8 s s s Lream el lance,
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0wl o ne
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! [ y - e LQ suteta
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4.3
-2 RECIRCULNILUIL 20T

Wi ) aumber 1a Tnireaseo
SR,

< and Far o 1] Gue

the v
P = 1A = .
Aadi1al N RN b ot ul vhie g | (i 1

gohbaiye criirial o)

W‘1~~ .
‘,h ¥WJF1 numbrr 1
Forces due Lo oaxial

AT IR

i n) .
Umbey (appru Lt el
Lol b rorwar o el
SN

ved Ly
rheseilr
Tarn e
The flow L ham et i direclion 1a )
: G il b Je
Cealy
= ,]&1 rug" . =
T3 00 et e [ Thlz 20 1
g i = o 2a0ne Cuvpes ) s L - .
Th o L = 0-{
w Lh conesdorable miirng  ard
: T At

Ferc culaled mAns
SR hiﬂh cwir?

- ')",‘l

is . '
Lnown  as Lhe peciroulalran To0e.
Ly hulency and Lhis lLeal
C [

Numbers, there 1% considernble
to Lhe formalion of | J [nrradial flecireulation
Zonu{GRTZ) .
+» Thoe factors NP &=l LIOIX Lrw and ahape of Lhe
Central Torrpdial-Reclrtis one M
G oor vane angle @

1. Qwir)l silrength 7 sgwirl pumbe !
Z'a Vortex Lype —_ freer +nr£8d 'S flal Serl velocrt

5.
Reynolds Numbe!

q
- Presence of cenltal ol
S. Ratip of Lhe expansion (g main chamber cdiameter

chambel s
10 lurbulent
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foalures

6.
Geome LIy
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reactaing flows BN

certainty. The prediclion ol Tione

patterns 1n Lurbulenl reacling tlows are

T Isotropic cundylions

flowfireld ytucsition butl . e rdernice sleouece Ltrak Lhke

Lurbulence Lrongl, 0L o Errors  are
(efiuns 0t Tlime T4NLLION

especiall),y crucl

and stahblizal s
Povralis Flomber cannol b

2. Proper accodn it

easily Laken a5 at «a iyl oo alure Llhie  linoewallc
ot r b =t

recirculalion

. o o adyctian ol
viscocaily hanigyes, ansd Lhe pred)cb)on 0
it wit { |
weg of TR AR
' belt ) 0.6) o AP L BT T KXo
tigh e nambe v .
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flows. For combuslion )

significanl and nseful

bubhle gener a

recirculation

tritical SWipi Numlye s .

measured Lime—-mean

phenomertic

SLream] ine

iratlivue, oue ol Lhe mosd,
ot swirl flows Lo Ll

Lol Cenbrally for super
Cas culated [rya

velocily histribution for annualar

e Fasg.

free et willh a swiel number o Y SEI PRAT S
4.6. These sireamlines Carry w1l Lhem & considarable
amount, of mass flow bhal 15 recvs)culated., Far a free
swivrling jel of 1lhe Lvpe  shoen in fig 3.6 a good
Correlaltinn existls belween Ll ot | Hambre 8 and
recirculalion mass flow fraction Mg /Mo where, Mo s
Lhe recirculated mass flow, and M, s Lhe origioal
mass Flow. Fig 4.7 showe the arvalion of recirculales
Mass fFlow with swirl number. [T 15 seen Lhal wozgles
witlh a more divergenl exil have & larger iy 0, {or
Lhe samc swirl number Lhan for a less divergant wxil.
The variation of cenlerline axial velocvily witl
different & ig shown in Fi.g. 4.5, For Jow degrees of

swirl S 0.1 Lhe

constant for S ONe

Lhen decreases. As Lhe

axial wvelneitlty drops COTS

canterlineg

dislance

iderably.

awial velaeily remains

alang the Jel axis and
swir) nmumber liocteases Lhe
[y Y

seyond S

4
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reverse flow ts shown on  Lhe axis. {his rever=s il
“ rE e axia

fluow often lead to vorle:x instlabilaly and breakdown

It has been assumed oflen Lhal Lhe mean flow 2
vorte:x chambers is e L. dlbuties have shinwn
ihis Lo be Ulrue uhl; 0 ' W W Reynola
numlrers=". i JLvets awic ]l Huwebier 8 0.6,
when Lhe flow cwach ' ciowritircal Revinolds
number, Vortex instabilily develpps. The inittial

manifestation usually c(owprises 4 near ly symmedrc

swelling of lhe vortex tore, gnclosing & reciculating
bubble of fluid. Lin the waks of Lhis dislurbance.
another spiral insLability obten occurs in which k2
central farced worlex region slarte Lo precess aboul

The axis of aymine Liy . This s called precessing
vortex core, (PVC)Y ligs near Lhe boovndary of Lhe wmean
reverse flow rone, and i3 responsible for very high
levels of turbulence and M2l e [here 1s now a
three—dimensional Lime-—dependanl turbulenl Flow which
Lhe =wtabilily, rale ot mixing,

has dramatic effecls an

and combustion intensiby.

Swirl flow principles can be used in nany induslrial
processes.ln geparating unils. The capabilities of
cyclones employing high swirl flows for separating

78



S0 - = .
04143 Jas mixtlures are well known and widely

exploited in industry In combustors,swirl flows can be

used for burning low calorific value fuels or fuels

regugivi i i , }
Bjulring long residence Lime tor complete

tombustion.They are parlicuvlarly usefuel for s0lidg

like rice thusk which do not easily form fluidized or

Spouted beds for reasons explained earlier.

4.4 SWIRL BURNERS

Swir) Lurners have teen r'fu';".'»‘:Ju';J_-ed TR =R RG forme

and are wusually asced For Lhe cembuslion and FIOCessng
of matlerials Lhal are wormally covsidered Jifiicalt Lo
Burn  ar process efficienclly such as vegelable refuse,
high ash conlent coals, anthracile. high colphur wils,

low calorific value wasie gases elo.
The mait: advaniages ot Lhe swirl burners are
1. Lonyg residence Lime, whiich depends upon swir)

number and chamber lenglh.

2. o recirculation zoue {ormed inlernally close
to the walls, that enfances flame sltabilizalion 3
3. Considerably higher ilame speeds parlicualarly

al higher swirl levels.
combustion

tage combustor AFrirangemenl

4. Hingh particle efficiencies.

3. Adaptability for Ltwo s



SO0 Lhal iLhe firc S
L i rst stage may pacrlly agl : P
¥ [ Yo oadl 2 gasitier at
relat i 3 : ere
Lively low temperalore el e s is Lhien burnt
SC 1 2 | .
] 1 Lhe second  Lage. Frovision for

2;

outl  complet,
51lag removal may fre wmade g0 oeilbher o ot baoblo slages

The cpecial advantages of <warl burners are :

Fuecollonl fuel auve wmir g,
releace caoncentratad  over a reduced

&

valume (high Uhermal luartl.

c) High flaoe taemperalr. oo,
ai Low excess ait rejurrenehl..
to hurn large parlicle diameters in
to flurdized hed ¢ spnuled bed Syslems,

e) Abilily

Comparison
Ffor burners in

{lames

The developmenl of
Indusirial apeel v tapn ' Lell very much an art in
Which Lhe procloe f RPN o of the designer plays
Lhe muy L ~’-l'_]nl"ll.,:llll. rule. Fiear oo ¢ and slezpe o2l
tO be { 19 { TR 1% (o ey 8 ake an é‘dequate

0 g ) L LR
Fesidence time wibhin The burner v Lo achieve
the fuel. il
alﬂujsi_ Corrrplet@ « ombu (S RLLL ' 1
Lon L1 il at the hurner exid ousl &e low
e r s ol %A DLAA
fhough Lo vald leaving hagh pemperz=iure deposils but
- i nl heat conlent Lo snable
3l the same Lime 47 ufficae
for requiremEnl

& suitable neat Lot
10



For the davelopmenl of tlames in burners it My

be noted that mosi of Lhe chemioal FEACLIONS in Flames

are very fast at elevalod lemperalures so Lhal the Lime

taken to complele Lhe rearction aftoesr tha reactanls have

mied is negligible. Hence  Lhe overal) raie of

grogress of combust Lan Can e delarmined Wit ool

approximalion.from Lhe rale . mi1.cing.

Phenomena similar Lo Lhose observed and mMeasui g

in non-reacling cswirling flowe have been nbserved and

measured in switling flawmes.because of instability

probblems, flames wilh a low degree af swirl have only
limited practical interes), bul lhey provide a useful

ground for modelling concepls. Under special

proving

condilions, weak Sl can conbribute Lo Lhe
lengthening of flame Lhal may be Jdesirvable 1n 4
particular application. In high swirl condilions, 3
0.6, as mentioned earlier, reverse  axial flows &re
observed. This causes Lhe reduction of combuslion
Iengths in burners hecause of higher rates of
entrainment ¢# ambient fluid, and fasl misiny close to
npear recirculation zone boundries.Thisg

the inlet and
1 uses improved flame stabilily in romhbustion

arLsaq ca <

because of the presence of the Central Toridial



Recirculaliocn Zone (CR

hol combustion products.

The recirculalion bubble pilavs an imporiant role

in flame stabilizalion by poaviding a

recirculated combustion products and 2 reduced

valocity region where Tilame speod and flow weluciby can

be matched. Direcl COMPpAlrtsaiis

fields NTERIT R pag media wilt these an Flames show

that Lhe thermal, o | and alowmic anergy changes

in the Fflames 1ndue Vi N - i
lthe gas dyn2mil Flow fiei. s w1 1 TR RIT eSird g
wilh combustlion.
rates are reduced Austlz
I 1 e ion | the hurnecr nozzle. Llhve
n he el
- ) vl g IR e 1 hievy
e | the tur bl
momentum  Flu v b
AWAY howevelr they > | NEREEE W ULA SR LT TR R Lhao »1scnus
QAW r 1 21
; . q o fac
forces in Lhe jlavy ot sl th ot if no effecl
faet vichure  of
Siallert o QO 4 f
upon the flow Iés
' it v ouf
1 i L ‘1 1 Ly llI\n[_L]lll
i i Ty - . 165 Cuonsl -
Ml dmog praQ o 8
T F 1o aglion’ .
‘well bt peredd’ et i (.'llq flow Feglon
= T Lyrred redlbn
\ £ ol v Luaapsd At =
Ideally. P'“P“"'h“ '
Lo oand identacal

GrLanunt 1w v TR

volume w:lh
with thasa of the oubsoiud clredm. plug FLaw .
1 ! .

TZ) which recorcenslatles hubbles af

heal source of

0 f Lur biuzenth 1 gw



elements of fluid

Fropertres

lo the direction
flow For .
cambuctible flurd
Lherwe 1
In
! S0 the
element |0

dispersed ULhrougdh

me : ]
hean residence Lime

uaniform

Flow ¢

valrtune v 1),

move Lhrouwugh Lhe reaclion
L @Dy Cress ik tan (RO R PR ¢
of flow bul Lhey may vary along Lhe
| Flow of Llots
bayve Lo aue restdanca Lime 1n &
no baot miorhg.
to Fiean, ) ]
- Ac Lot Lhal the
. enlering I LEGE b
i oo | e " [ame mach Lhan
| o= Ye/Q. wherse Ve 1s Lbie volume of

reactor and Q 15
Under well [ ' conds Lluns . concenlrations
and ST Lo ® Are un i farm vt the enbire volume
and therofore Lhe volumetrlc combustion rate g
UWiform. In the prd e Flow S Lhe oo of
Combustion et eases slowly trol because  lhe
lemparature ) 1588 nndy -t rusull of  Lhe heat
liberated as 'P€ combustion 1Y
af anburned fuel for plug flow, and
v funclion of mean

The tractiof

well] stirerned

F‘ -
€sidence time '

AL gl

(ENIL |-°l' ]

|:b'.t'u’“’

an optamizabion
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caclor  valume Inay he

tambustion pertormance witfiin

Jol by a comirinatron of Lhese two 41wy

The conceplt of well stitred reactor coupled to a
plug flow reacluor has proved (o bhe . onwer Fal modol For
Lhe performance and efficiency o swirl burners. F1g.

1.10 shows thoe propoviion o Aol time 1 sbtirrey)

as a tuncltian

Section (ts Lo total resirdence pme
.5

0f Swirl numbe: for & ().

Efi{iciency joralbroal considecation  in
detlerminin 3 wheraf Lypee . SUE )b e Lo nse o swirl
burne: . Only of pre.cura drap across the
Switrlar reappeat s s linelic vnergy ot Lhe subsequenlt
Swirling jet {low. Liie rvemainder bteiny laost.Fig 4. t1
shows the variabion of efficieney willh swirl numbers

for different types ot witlurs.

The axial lus tangential entry swirler i1s very
[RE [ e 7 “ -

1ow swirl stirenglle upto S=(.2. At higter

ftficient at
Swir] intensities the efficiancy of surh 2 swirl falls
: , S 2
15 only 307,

| itlg efticrency

tonsjderably. AL S
. 9 o ralalivel v
The movable brock swis lel 1 relativels
1 =
3 - . . B e . o0 . .
inefficient At  low and wmedium zwiel slyenglbh (58 pes
Ficienl &
butl © rificienc Yot iinlained an ad oeven
RARRE . "

cent) at & = 0.4
increagses alb highet wicl strenalhs.
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FIG 4,10 RESIDENCE TIME IM 8?IRRED SECTION A8 FRAGIION
OF TOTAL RESIDENCE TIME AND SWIRL NUMBAR
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PERCENT EFFICIENCY

AOVABLL ALOCK SWIRLYRS

O — SWIRLER WiTH AXLAL dND
TAN S EMNTIAL ENTRIES

A - GUIDE VANE SWIRLERS

0.2 (51 .'1

N OF EFFICIENCY WLITH SWIR NUMBERS FOR

FIG 4.11 VARIATIO 3 OF SWIRLERS

DIFFERENT TYPE
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Wl r e covorelatyive |y conislant

\1

Fhie gquide vanec

GF{JLxeﬂCy uf arnund Sy F o wirls ranging from

016".1.:‘.-

14,1 PRESSURE DROF LM CWIRL BUFNUNG.

The pressurc drore Lhiroogh Seit) Lurner (s bhe o

Ot Lhe pressure Jdropn LRrowgh the swirvrlere al inlet,
Lhe main Chiambar frielion ad ontiel losses,

134 TIN sinwe Ll Label anl ouilet N
toefficiente fur various swird hornes Confrigurations.

Il has been Ffound Lhal presgn-

Outlel depends upon Lhe type of

¢ e a.90)

"t - "
&
where &P is i he pressure  drop al inlel  oe outlet,

U is the everage axial velocaly amd
toefifeienl across the inlet or oatlel. B ranges from
inletl and outlel lypes where ()

1.2 to 2.0 for various

average velncily.

e pressure drop in Lhe bhurner hamber 15 also a
3 - N y 31O - ’ oy

function of the oullal geowelry. LL can be reprasented

by 1he relationship
= ( .07}

l.l'l"‘ =« 2o e
4y

10

drrop at ianlen  and

camidan he gluven by

15 Lhe

L is Lhe prescsure lagse

a}':‘;‘i]
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FIG 4.12 INLEYT AND DUILET L OGSES F?R VARIOUS CYCLONE
COMBUSTOR CONF IGURAT LONS
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The wvalues of Eco ¥for bLhe hurner chamber are also

oovarous el ler qepmcLr iey

Fhese coeficients where e Do (.45
£,
ura 4,12 also shuws ¥ ( ol F i
S (1,45
& tuuncLaron o
AF .
&P

This jits =lmousi &ll evperiwmental dala pertaining
combustive and nof--Coiubusi L gswi ¢l operations

4.5  UNITS OF SUSPENSION HURNING SYSTERM
an  air suspended combusliob svathemwm compreses of

lhe following uniis.

1. Burnpner chamber
2. Gas Distribuleor

3. GBir Supply unil

4, Splids feeder control wnil.
5. Cyclone separalbor

4.5.1 BURNER CHAMEER
The hurner chamberIt 1s asually & verlical
cylinderical vessel bul Choere 16 fo el Jimitaiioan on
shape . the  specific design features vary wilh

La



Qe
condlitions avalrlablc -pace and  use. Tt
) - 18

abisence N i o
¢e ot moving  parls  tacililates a simple Clean
- 1

des, :
3n. At the R LS :
. 1LS OporaLe Al elevaled
B gyt =~ ¢: } }
peratyre r FAarLor: linod alwupl L5 the  nost
e Fetracbary saervee Lwo main

-fongornncad desiagn.

Put pos
4 I inrsulales Lhe welal T 1 From the glevaled

temperaturces;

11 prolecls the metal shell trom abrasion Ly Lo
bed and parlicularly the splashing solids al [ ho
Lop ot Uhe ped resultimy lfrom bursling bubbles.

When heavier refraclories are regquirad because
Operaling conditlions, ineulatiny brick are insitalled
next te the shell and a layer of firebricks 15 added
0 protect the insulalang brack. Indusbrial experience
15 mansy fields of applictations has uhrown that such
lining successtully wilthstands Lhe abrasive
roplacement.,

canditions tor many years wilhoul
be Lalken

during decign  and

should

Care
possitbolilices of gasg

installation Lo eliminale the
A small flow of Jgas and solids can guickly

leakage.
erode large passajges 1n the insulatinyg bricks.In fany
tases, gcolad spots on ithe burnet shell can resultl in



co : = 5 _ .
ndensalion and hlf_f]h COrrac)an ralbes The viol 1
: Y 2N 1

Mmool . = _—
tion inside Lhe burmor vequires  an I
[ LY >

f 1at1o - :
oundation and a slurdy SUR MO LIty e Cver
o - ¥ i

a relalively small Jdifforeni il mavement oF Lo
refractorics from Lhe b ] ] o mater 1xlly shorlen
tefractory 1ife. Tihe lioning cd  hed ot adst Le designed

el L. Tiee Luviner chamber Las Lo e

as  a compozrie
sealed from oulside aluwosphore. dlence  Lhe  lype of
discharge mechanism for any solivds Lo be anlroduced or

I}

—

Feaoved fron. the vaesseld cualinuusly perarodically,

has to be designed accordingl ;.

4.5.2 GAS DISTRIBUIOR
The 9Jas distributor has & consirderable effecl on
Froper operatiaon ot ihe combustor. and 1s of paramound,
tfhhe dislribulor

to downstream flow pallern.

importance
is hbasically pult Lo use in Lwo Lypes af silualbions t.e.
when the inlet gas 1 clean o when it containsg solids.
The distributor muslh he desiyned Lo prevet foats e ) oy
operation. lim order Lo prrowide

of solids during

it 18 newe.s

amy: Lo restrict Lhe flow of

distribution,
gas or nas and solids Lhat the pressutre drops
across the rvestriction amounk Lo only a few mmn of A
As s ngeneral syule, pre e [1pS 1 EXLEHS of 10 mm WG



are i (R c .
nol used. Structurally. distributors musl withstiang

ir S orent e e R
e differential pressure acraos., Lhop besLrichinn Jdur ing

nRormal amd abnormal f1low.

4.5.2 AIR SUMPLY UNIT

11 ic usually supplaed Lhe Combustor with Lhe

help of fans e Llowers. TR IS he classsiiied ag

tentrifugal Lype or of Lhe axial {low Lype. Eoth Lypes
are used for ventedaling worlk. supplyanyg  drafl {o
boilers and furnaces. woving large volumes of zir or

3as  Lhrough ducls, supplying air for idrying, conveyinyg
material by suspendiing IRV Lhe gas slream, removing

fumes eti.
The draft inside Lhe burner may bLe classified as
forced or induced. The Forced dratl fan draws in air
from fthe atmosphere and delivers il at a slight
to 4Lhe combustiot, whereas Uhe Lwtuced dratl

pressure
fan sucks oul gases from Lhe chamber by crealbing a
slight vaccum and usually delivers Lhem Lo Lhe
almosphere.

undesirable

sl one is

Forced draft (plenum)

though used successfully in package oil-bLurning boilers
escape Lhrough joints and

etc. as combuction ARG S



There 1¢ alep more eaking up  yi heal by )
Combustion system.

Induced drafi alone dilulion gf Froducts
Df combustion 1§  Lho sysiem 135 not fully aij Light

whi i, & often (he case. Morenver. {1 alone cannot
be ysed etfeclivel

where  conveyance of material je

equired py sUuspensiyon v lhe gas < lrean.

Fhe logical errangemenl 1= Lo employ hoth rleiimn

YRCUMIN 10 sudih proporilions Lhat he tombuztion

*YSlem is nearly almospheric, In such o balanced

drafy
S¥stem, the controls are usually set 1o marntain abouyl
Lo 3 mm WG vaccum al oxil v burner ctramber.
4.3.4 S0L1DS FEEDER CONTROL UMLT
The mai1n splids—Flow-inonltrol problem is to

Maintajn a balanced flow of solids with the optimal air
regquired for combustion, Leeping i mitnd  Lhe
limitations of hreal discharage and lemperature
tonstraints. Hugk, having Lhe properly of being easily
Blown with air 1is besl fTed along wilh lhe air by the
help ofF 2 blower. Its Flow would be conlinuous and
Controlled and thus would maintain conslanl wondilions
in the combustor. The control oi Lusk flow feed may be
achieved with ULhe help of a variable apening al ilhe

) f

p e = ) .
hiop ulh where the rice husk is slored as well ag
HOpper  moulh

114



with a4 dampoy plate &l (e (oed bl owe Gpening,
4.5.5 cvcLonE seperaTOR
Even ) f COmp | s cwibacbion of picp Fiusg):
he Hats )| IqY Lhe Durner £fvaf f ol free from
It L ns ’ which Js to Lhe extlent of
M=17% B Thacl ;o hahod , 3 Focavos
"1s I befyre FeoowadLng L)y ) b Ahe process heal
SIipment in order b meol Che foklm Iy heor Lives:
Te reduce w&intonance cost, parbicuiarly of nheat
Lransfer surfaces wigd ey gel caverad witbh
=Ll and have 1o be perlod:o=1] lesnied
2. To limit air pollulion
Cyclane zeparator: g Lhe mool widely used lLype
Ul dust collectiaon wegquigmenl . fn h2ie “eparalors Lhe
dust laden gas enlers a cylindrical or conical  chamber
tﬂngenlia]ly al one or more poduls and leaves Lhroulh
] Central OREnIng. . | e tnanedial e gnirance to 4
Cyclone e wsually reclangular. in & ctyclone the jgas
with lhe gas spiralling

fath

Lhe gas

Fedistribution

Velocity

involves a double

dOwnward at the outside and upward oL Lhe inulde.

enLers &

ITNCreases

vorlbex
Whaon

cyclane, ils velocily undergoes o
v that the Langenbial  cowponent of
wilth decreaving radius. The spira)



: 1n & cyclone ey reack delide several Limes
L - iy

v

AVRYy i) e lﬂlt:’t, Vf_‘llJl_iL a 'l ]',LA“M Lic diﬂ']l‘ an adf N
RIS &

cyrlone Chamber 1S sirown in ﬁig. i.13 1t Shiwe -

Lyprcal confryuraltion aad Lhe goeneral SONeepls of Lhe

Flow jpatlilern: T e resalbing parlicl

Lomposite
r 1 - Il« L(.]TI:J.‘JL:‘A \'.J','- o

SEpAFal tn cncounlotedd e ow
Cyiindrical seclion moahvesd on Lrdncateyu cone wiih an
Inlel Hnz-tle Lhrek d.reclhs flouw 1t e  inhap
C€ylindrical cection Langeniizlly. The dust rarliclec
wrll Lend La mave Lowardsg

by virtue of theit inerlia,
the oulside separalor wall and slide down along it
througt the exil. The cyclowe 15 @ssenlially g
5eliling criamber I whick graviltalional acceleralion
replaced Ly cenlyilugsl aocolueration,
Cyclone Separators offer one ol Lhe lerast
Flipensive mearns VRS dust collection Frvin  Lolh an
Operating as well ae investment viewpoinl. Cvolonac
fave been employed Lo Femave solids  from Jases at
& 1000°C and pressures of SCClatm.

lemperatures as high &

Cyclones fFfor eeuoving solads  fram yas6s  ara
of  over 0 micron

denerally applicable when particles
(0.0002  iny diameter are involwvad, alibough smaller
5 micron are separaled al over 30

35ized ones uplo 3
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OF CYCLONE CHAMEER



Fercenl efficiency somelimes 1n tertain cyvclornes., Ipn

collecting parlicles aver  2O0 micrans  diameler,

tyclones may be used but Jravily seltling chambers are

usually salisfaclory atrdd 1 subject Lo abrasion,

-pecial caces where Lhe dusl _liows & lhigh degres of

aj3glomeralion or where high dost concenlralions over
Say 4 gy ams pei litre are involwved, cyclones wil]
remove dusls having & wuch smalleor parircle s5i1ze. fn
certain cases efficiencies as higlh as Y8 perceni have
been realized on dusls having an ultimate parlicle size
of 0.1 to 2.0 micron becavse of Lhe predominant effect

of  agglomeralinn.
Cyclone separatlors wers firsl concerved and
long  Lime ago. However

ulilized in )
"‘:’Cftl’,‘:' ey € ..L'ienl,i'Pi’-'. ad\,ancernéyﬂf; i]’] th!.S pi-\rlC?dy L?IC
basic design hizas nol Chooeg Witk b The dimensions ouf

Conventional designe  of o+ Llunes
. . ] o1 lype II

parameter definitions) are given in lable 4.1 s
trel. of

Lhe anaci ommorily

m

Cyclones YN
. = & A . '
tyclanex, while the svesage  dimension  rabios
S : N )
different types of 1ie - giver in lhe lable

under Type LILL.
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DESIGN AND DEVELOPMENT OF RICE HUSK COMBUSTOR

5.1 DESIGN OBJECTIVES

The Froe
four Lo . Th
Inoan agrao

14 1 ! t
Ratpd e It
F‘G:"L" '.'l:."_ ] *3.’]-][“
The other boilwl
5.1 below.
TORLE 5. | BOILER
Duter

Pass Nominal

No. dia.(m

RAT (VNN £} SN
. O
SO
SR oA
2
L

Aclual sleam

\r

Adiaa.fm?

0.0575
0.0575
0O- ()4‘90

71 facr

0‘ow'

comirastor (I T
fuc) oJl burnet 1n a horitzonbal
tbay ler
bran .l
G1n) N3
of Lhe (f belnoe .
j_"l__lc» |
= 13 ki Lo by, fuel ail
i Table
free
] ] | |[G’NS
Ho.of 73 '
Lubes &
(l'-’
' %.0&
a6 :
32 1es. e
4 804 | =
50,17 7.
vt w24 hirs.



Actual fuel consumplion 1200 g dav

Rctual Evaporation factn Yooy sheans g, uel) o)

ihe main objective for fhirs reglacement was Lo
effoct SavIngs by way of fuel teplatoment . However, Lha
b e 0 ‘ Vewin bhie origiual oyl

el o ganied e colmbus Lo

revjaryed Lo be maintained.

' PLingous aoperadiion of

This was
Lhe boiler even whan rice  husk =R T
Considering Lhe fact Lhal gy usuaily
Available only for bl 13 monlhe 1

5.2 BASIC DESIGN DECISIONS

The basiec design was based won the "Swirl Flame"
The design incorporated Lhe

firing  technigue.

folowing “eusturas:

1 Combination of {wo Lol el | wd

cylindrical cycionse chambers; the (1ol for anzenfug
it and the second Lo

0f  husk with primary air lo burn
qEEE0IS comhbustiblas

tomplete Lhe combustion process ot

y o ate Lhe Ash.
formed in the #1rel chamber, and Lo SepArate

13 Mon-23h slagjging cambusbivi .
. - 4 2 and the

1ii) Helical IJocy of the particulate mailer

R L . hape more

Jaseous combusbibles rendering the flame & 20 ’

121



] lite A ringd adjacenl to and In conlact with

the walls of Lhe chamber.

Iv) Relatively prolonged period of residence of the

Combustible matter in the chamher

Peripheral discharge of Lhe ask at Lhe botlam of

Lhe second cyclone chamber

A schematic dianram of Th design s shown

in Fig S.1. Husk 1s fed manuall nle A twoppor provided
J [*F F

with an  adiustable oullatl Openany Lo conltrol the hustk

feaed rate. From Lhe hoppar the sl falls on o a short

Open chute leading to the inlel of the air feed bHlower.

Ihe inlet opening of the blower 15 also made adjuslable
flate to control the

with The help of & slading damper

rate of air flow.

Huslk:  and air are blown Logelher by lhe 2i: feed blower
Lhrough & conneecting ducl Lo an inlei disCtribulor al
the hotlom of the burner chamber. The inlel distributor
shown schemalically in Fig S.2 is of the guided fi.av
vane type. It gives the fluidized husk 220 mislure a
iniel

swirl flow at the inlel.The openiby porls at the
are slightly tapered downwards ensuring swirling ovet
the complele cross seclhion of the botlom of tne

chamber.
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F1G 5.2 SKETCH SHOWING DETAILE OF INLET GAS pIGTRIEUTOR



inrerally  slarted by

The combruslion procs2ss )

lighting & faire 1o zame kerovsene soaled woed glaced tn

Lhe burner chamber lhrough &« solid tue=l toed tnlel port

as may be seen in Frg 5.3. Combusition of Lhe fluidized

Musk  talkes ace spontaneovusly vieed e combusilon
mechanism (i Cuine ‘ NS poaducto
combustion cyclono

tLhe Condatenty duro ) i I Lhe
-, ] e Lhe Y e of Lhe combustion

Ay . The fiame 15 therzailaer ted Lo the boiler
inlet through & removable conpnedLling duct.

S.32 DESIGN PARAMETERS

vd
The paramelers af Lhe combuslor Lhat neced Lo be
decided are shown in Figs 2 | and These are 4%

ligted bhelow for reference.

Widtlh of inlet ducl Lo combustlw}

!,

chamber from blower 2\
2. Height of inlet duvl Lo combusiob

chamber from blower '
3. Number of inlet ports of ihe

gas distribulor 0
4. Width of each inlel porl

o

3. Height of each inlel port

125



ING

W CcOMEBUSTOR SHOW

F1G 5.3 PICTURE oF SWIRL FLO
r PORT

sOLID FUEL FEED LHLE
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bollom of combuel 10y,

Diameter of main saclion pf
combustion chamber
Hei1ght of combustion chamber

Height Uplo main diamebuy of
combustion

e e 1ghd uplo bollom of conn: LAY,
duel between Lhe chambe r
Width of conenctling duct
Height of cornecting duci
i of Main seclion of cyvclone
4. Diameter of sleeve of cyclonoe
15, Diameter of bollom of cvelone

LT Depth of seclion dia D, of cvclaone
separator from Top of inlel ducl ap
lo start of conical seclion

i lLengts of sleeve in cyclone chamber

18. Hieirght of cyclone chamber uplo

Logp of inlet duct

3.3.1 SWIRL NUFEER

As mentioned in chapler 4. swirl nomber

Cruciajl role in the coembustion process in

L,

e
b

E’l1

Hi

swirl

“Oombustors Typical values of swirl strengths

¢ - ) i I f?--s‘-
Swirl flow combustors range between 0.3 to Z

7 0 pe the volumetlric flow rate at inlet of ULhe
i o\ -

playve a



= mb»;‘r, I am | colneat o 1|-]_ .
D Lr £ inle

&
1{\‘]
e -
nw D¥
The maximum swirl velocil L Lthe inlel ports
A/:(\
L _ .
I 1 b
N c T P
O = ————x e L 5.3«
l,'c y 1t A M D
Then swirl number al tulel
L/ Z
———————————— - ¢ from 4.4)

3.3.2 RESIDENMCE TIME LR CUMEUSTIR
The mean residence Lime 1n the cowmbuclor can be
calculated as wvolume of combuslron chamber divided by
volumetric flow rate enlering Lhe comhuslor; ohal 1g,
Tt =\, /G (3.4
Where 7, is combustion chamher volume and Q@ the
volmetric flow rate.
For achiewving combustion of more than 5% 1n &
well stirred cambustion silualion. Lhie burner wusil be
so designed thal The minimuwn residence Lime Ls1,0 sec &s

seen from kFig 4.0,



CRITICAIL. FIUIDLZING Y-LOCTT IS

b cr)l = ] TR RIR 3 c .
crotical fluidizing veloc: Lv™C of sl Qg

1 /e o el :
5 E  om /sec arirl 0 ash an rombaslion gas is

Wi/" 2ro,
CALCULATION OF DESIGN P¢ lAMETERS

— 1200 Ky h UTEEN (Th

Ratling af burler

Enthalphy rise regquirved fur T T

12060 0 &322 Keal s Iy 750500 Howl I
faclor af Boiled

Attual Evaporalion

12.52 Ky steam/Kg. fuel ovil.
Calorific value of Fucl oil = 10400 keal/kg.
12 L2350 10400 = Q.78&

Foiler efficiency = QF n
1 on Lhe comiie Lot sy s Lum

Therefore Heat load

H = 79504L00/0.786 = 966412 hoal

of husk = 3400 beal kg

shr.

Calorific value

Let combustion efficiency of husl: = G64
Rate of husk feed-
P6EA1Z
i 250 kygihr. oy sen
2400 x 0.98
Bir rejquired for Lheoret2ial ()
combustion ot husk 2.733 X F w®/hr ol W

a1 807 ~utre it ‘1 ambienl  Lemp af ICOK . and
neglaet ing o bubee of hust, Lhe wvolumelind flow at inlet



$.733 X F X 3D0/7 = 6.2

@ = 1.5

Volumelriec flow al inlet condibiuns of 300° )

2 2/ by o~ 1801 wtrhie ~ 0.50 mBsgsc

Q - .21 F

In the combustion chambee. Lhe ratics LafDy, De/De and

L./0y are to be first dolermiued.

For dimensioninyg  Lhe combuasizon chamber we keoep
in mind the downslream developlmenl of centerline axial
velorily {refer Fag. 4.8). It 2!l be seen Lhal U, /U,
stabilises at an i d value gurealor Lhan and reverse
for high swirl

flow = ' vallye
numbers S 0.&.

We therfore choose l.z/D, -tvml . £ A
combustion chamber =so oo o gl TYEERSTTN O SO S Y
{he tacironi =hioh Tone wd well stirred porlin of Lhe
burner..

of Lhe halfl cone angle at Lhe

the -lupe
Lo be 0.3

Choosing
tottom of tlhe burner (half diveryenl angle

=25.56 "1
4 Dy

L., 3D1, Do

For
L/L

Faor comhbustiion chamber v canvenlianal
ratios™™ Lyfrcally 12¢ be lween
7 -5 ) Y
Choosiny J-4/Ds 1.875 wé 7.5,which alse

satisfies Lhe condition l./Da

(IC



i b ','L)J_w'””" 0 '”lt ' ‘ ’. eF !r/
- L TOUS LY O ‘.'l!"l”lf > ¥ ]
- (45 .fJ.V > T

LU X £ (4 | . R
] ol Culr, 4 ||jAz.‘2+.”.D’ O, )

SU]’J‘SLiL[][jng L‘I‘ S ARV, D:. pL )L'; Ui ]—J{-' 451 fu lf'b

L

Above BJual10n wp hao

’ = o,=

(23

rthe dimencion D, g ned by Lo degsigpod

Sidonce Lime '

Liroitnlnd tor the combuslion champe.

and  assuming the average lemperalire oo e fluidizedy

flow in the combustlion chamber (o 750K,
volumetric tlow &l o gambiy o chamber Qo)
750 / 300 = .25 '
Ve/Qav = L = | sec. chosen.
72 0.2/ 1.25 - 1, Llherfore Dy Q.2%7 ¢ m.

Hence minimum value For Dy stould be 0.237m. for a

mean residence time of | o0,
We therefore choose D« 5 0.3 m.
The bl dteet from blower are

The dimensions of
bept such that the wvelocily within Lhe ducl Y
belween & 1o 3 lLimes the critical

fluidized tatr b I T



velocCitly of fluidization of husl i 2w, end subject o

hys i N - S
Faysical ftunvaenlenncesy at Far otnlel Adugel T ram

blower, choosing wquare seclyon, For wmean velocity ot 12

W/ so¢ o duac cyooand e

JOQ/12Y = JUO.5/18) — 204949. Hea b 0. 20,
y Lty Lo lel TPLEA

TJ'IE‘ dLmL‘fi,, 1 €0 4y
disLrjbutlor (re 1ot for i Fra £ G o value, eusuring

designed switl number 5. 2 2hg equalivie 5.8 and 1.8
For dimensioning Lhe paorls of the :nlel gas dislributor

Choosing G

L)

From eq. .
4

Flesice a4 2 g LOU3E W,
1.5 ¢ ont Bobh Lop & bol Lo’ kEeepanig
o L 0l

l.eaviridg
= 0. fVm., a,

= t
L'J., ag 3 il less I an TN I |
0.135/0.17 = 0.0&nm
From eqn. 4.4 since (bGP
1,85

For chosen value G = 1.3 we& have @ -
Fore als & 1 Lhe
The Swirl Number al inlel therafore also fall o in Eh
1 W ) |
18 rdus b as Loiler 5™
Fange commonly used Fo¥ Lhe ondusbriatd s ;
! 5
a3 nd G. =
that is,between Se 7 0.8 and

132



Volumetlrye s
: LIl L tlow | .. .
01 sombucLion chamber

LE‘IInP‘I Lure of 900G ke in Lhe

ASsSuming a rise 4
Combusiton chamber T.. h e G oand T 00
«d S K

(5.6)

e ha J3

L Connecling duct

The dimensionisig
from Lhe combustion Cliambor NPT tlune wil]l ke
based wupon baving an eitl velvolly (oame ag enier sng
v»lncity in cyclaned de-iguvd o Tue betwoen 185 ia

For dimenslonirg Loy ducl belwesn Lhe lLyo
chambers A ke walyry shauld conform Lo
the T 1 Jeomelry ;oo trabed  tor lone
S5eparalors.

From table 4.1, bz = < for inlel of cyclone
hence +nr cross seaclional area of

of ‘“Consensus’ lLype.

we hawve:

Connecting ducl AZ
For ug = Z2Z0m/sec. and {da. 2.0 w3 /Juec e Ot m™
O.'T, ] of 15 0.2, andd bg 0.475m.

Hence Z.25 az® -
Wa therefore choose b = O.50
After dimensiening lhe connecting duct, lhe

5 per standard

i the cyclone may he dong as

dimensioning o



Cobasis of [y

Convenlion: glven 1T Leacb i e P g Lt
dimensi1ans of ‘a° i b

o Lhe required dimensul vi Lhe parametle:rs a5

are given  helow oy Lhe camplole sysiem

calculated

eparatur and ductes

ltciuding buriner chamber., CYy L oa Gl

In meters.

P 0.20

6 - 0.20

3. 4

4. ' 0.08

>, 0. 17

. b 0,30

7. :f:? '-20

8. . 2 2.25

7. Le 0.%90

10 I 1 .60

1, a - 0.21

12, & 0.50

13. .. 1,05

14. D. 0.55

15. Da .30

16. ¢ 0.80

7. n = 0.65

8. L = 2.10

S.4.1 PFRESSURE DROP ESTIMATION THROUGH IHE BOLLER.
complete cambustion

Air reguired for theorelical
of husk= 4.870 kg (see Appendin ()
Mass flow of Air = 0.08 ¥ 4,807 1w | G.874 Eg./sonc.

S00 deg. K.

. 3 )
et husk ajir mixlutre 2L .
" 33 bkgsm?.

= 008 + 0.537670.)

Density of e
Volume of Combustien o odu! caliculated ay rntet



f1louw : L
y ind Lhe Jaci F0e !
) - Chi o HEREY B
il thenne g Flaw

“lreclion in Lo the Lo

The pres dr
'CoRresure drop through Lhe :fer f i
. - Hen ol culated

by assumi
aAssumin, 3 5
] lhe tosaes an the Tiula., i Dhlained
AL varned oy gy
rodl)a = .
Je 5, and chowe 1

L
-t ey - - .
elocid 23 cimalbions 1,

fable S.3 heliw.

| £ : A s L [ = 4 k] 20
AELFE PRESSVUE MO ESTIin LOBE THIROON By EF

=7 v

(. '~"E‘Ifz£]f\ F',‘E_‘S’T,

Fass Mo, Volocity Density Yelaco,d
Mo/ 5L, oy e hiead Jr@ad deag

5 BRLN

"' 0",‘! l;;g_/‘m-z
1. 19,04 ND.2670 3.88 7.6 1.638 7 .00
2 24,64 Q0.3473 12.51 71.7 2.8 3%, 15

3 28,9 O, AEEE 19.70 TH.S 2.81 S5,3

= 0.5785 T2.24 890 Z.06  138.81

Total presure ddrop 247 .30

S.5 CONSTRUCTIONAL PARTICULARS UF SYSTEM

cvicbone and conneclting duct-

The hurner chanber.
of  fLhe syslem are made of 5 mm Lhick mild sieel
side walls of Lhe Dburner chamber and

sheets. Tire
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wdard refractory

Cyclone eparalot V- 120 ik
bricrg 15— The tip are rainc willhh Silimintte bricls

Lron brivks provided

An  additional  layer of iwcu)

toti to Lhe wallu ot [ e eadndre and Lherr Lo,
These lining arD o708 CIme . et 0F tetractary and
Insulation st b s QO the i ol top. [The overhang

duct in Lhe ryclone 15 11,4 oms. thick., 'he connecling
duct belween tha Lwo cheunfie s ts also  lined wilh
cath of reftracloury brache

layers of 7.4 cms Lbaicklesc

and i1nsulalion
The hopper feed of fuel to blower and Lhe
connecling duct combustion chambel mavle of 3mm

Thped M.5, shEal.

When ur‘e'j l,;,lJ-'Lh t-rd (32 and burnet Lbe Dbluower
f Ger !

part of Lhe « --ml B T o should

1s the basic
t Lo mi 1he fuel

Foove suffrcrenl (Fr gL A and - s 1t
; g 9 yming  the salance
: 1 werly aftet Gvel com
and alte propet
o 3 ttings. 1t 1 pesscential to
. 6 5 and )
offered by FIFES
for L e ard namber of

select hlower
t he handled tor o fuel econdiny . Tlhe
furnaces o b :
Lot (e Fire hlower seleclion are The « 4
design parameds
Lired and the pres ot drop through the
tlow rate e .

P S

complele 9Y



The centriiugal  bilogwer o Freding

SE].&'CI,E’L] o i)t QU arcyl {}',‘)ﬂ‘ ?)Lﬂndarcl

svailability The requisite molor (oo ;< bounhd .
= - "Us

from standard manufacturers,
Keeping 1n view Lhe i 1 mtan Limaled prescyre ot
247 .30 bg/m< and mactimum  air flow ratle requirment of
of 40 n min. 205 mm waler Jange

Fating at 2380 rpin. was

30m=3/min. . a hblower

fressure and 2.5 EW. wmolaor
selected from a lisl of availaple slandard blows s

Jiven 1n Appendiv- E

PERFORMANCE TESTING UF THE (OMBUSTOR SYSTEM

3.6
The detailas oF T he First Lria)
Yun of the Fice husk combusiar cdesigned are Jiven in

Appendix—F.
As mentioned earlier thi. combustor was used Lo
replace the fuel o0il fired burner of a boiler supplying

) lar PRIR" v air ilow
steam for a solvent extraclion plant.8ince the a1
Lhe hloweot capaclily

rate reguired was only 3/74th of
rated at 2380 RPM. the blower was run at 3/4th speed
with & cone pulley reduclion Ffraom the wmolor. It took
almost 110 minutes to adjust the proper huak =l

- ) g g "..‘_1 c..t
combination with the help of the damper arrangements &

4T AL



T,l'rE’ hD[:"F'L‘ Qi]z'f f'EJ‘_-_‘vj t'l(J(L'EI' '_"I:"'—’;”l“‘ij‘:. r]_ll Lhel.' Lre
1

Fressure develaped 0 Lhe o was 1, psi. Tt
5 .The

S0 wnutes, The

fressure ot Lean e
Frecsure reimalned  bholwesn 1Tid 10 el teon 220
ivinut to minado o, Il drprees AL e Tn o Lhe duc
rose Lo PIRY GGG G o & 75 ¥
225 mrnutes. Cons tderadal e donen afl &L Aamed e iaundd
Lo escape yirom Lhe LobLom of e o Fave chiombier meant
to separate the ath.

After 205 manul. . gu pressure 1n Lhe
Soiler slarlerd Fallafg &nd Jin Trlower mobar siariod
Jetting overloaued. Al 3P0 winutes Lhe motor stopped

L oo whas opened b was

due to over loading.khen
clempor,duct and cyclone

found Lo be choked.The Dburnet
were tound Lo have larye depoislts of sofl whilish ash
curfare of Lhe walls.

stuck all along Lhe inner
5.6.1 ANALYSIS - - 0 it

During Lhe first 0 A Soroana Tl alal as

81  bags of rice husi w0 o L o ambers Lo Jach ey

werghed b oan average ot 16. 525 g Hater @ fed to the

Feed waler pumnp ot et b B Ll smin Far

boiler by tUhe

A cumulative time period of

Total bhusk burned = PE L AD



fotal water tfed Lo boiler = =50 DO/ 13t
: ! 1Lra,

Vater oo IR .
ler evaporation ty fuel Fatin 074 1A 2 = s

The choking of Lhe combucior system Lhatl eccaureg
T ey

ﬂi]‘ TC?O mis Les =t 3 I = F . -
- Lnubes was apparenidy ane Lo Lhe facl Chat the

bLlower head was nol enounl Lo overcome Lha reo istance
3 - P P

N Lhe Frur e Thicanhier , v i tid | e bod bor . The
N N . - I E
relention  tlime of Lhe Fuel w)lhin ohe e 1ncreased
[ZRORTHY

leading o lhigher Lewmperaturc. (his Load Lu softening

ot the ash which tuck Lo Lhe wall: of Lhe 5y'5 b e
aggravating  the pressure buidd up il Lhe feed blower

stopped due tn overloading.
To overcome tLhe difficullies opcourndered in the

LT
first trial run the Following changes were made in Lhe

system.
S.6.2 MODIFICATIONS MNDE IN THE ALUVE SYSTED
1.The 5.5 kW molor was replaced by 7
and 305

2.68n0 1nduced drafi tan of &0 mS/ min.

mmtg  was installed at Lhe stack.
connecling duct belwesn !

3.The sire nf Lhe
burner chamber and the cyclong separalor Was increased
from O0.5m x 0.2%Tm to 0.55m x Q.5 .
i. 4@ provision to upply excess alf was made 1N
sa that [he

both the chambers theough anebhrer @iy IpE-

10



lemperature im  Lhe chombers could he conlrolled.Thi
i Lrolled.Thi

Plpe can be seen in photograph Shown in Fig 5.4
waler seal was jrorided U asth cultlel af
cyclone chamber as Lhe £1awn pod Frow Uhis pouint.
&, An arr porl e th ge fron
Lhe cyclope @it duci AT Lhe i le monbh o Lo
check ithe draft there and Lhelp maoutann 1L ab o <light
do natb escapa.Tln L5 5SSO

vacuun 1n arder Lhat {]lames
in photograph of Lhe combustor zhown n F1g

Details of Ikhe trial run ¥or Lhe modified svslem
Are Jivern i Appendix G The Lem ran saltisfactorily
over the entire trial run period of P20 minutes
The sleam pressure stabriioed belween 2 and 102
psi  after 140 minutes w ilh & duclh btemperalure of
1025°C . The feedwater pump was rui for 1794 minules over

this period.
5.4.3 AOMALYSIS OF SECOWD TRIAL AFTER MODIFICA!ION
Total husk burned = 16.2% x 220 = 3737.5 EJ.
Total water fed = 174 x 3& 14064 Trtres.
Water evaporation teo tuel ratiec = 14%64..
Evaporation capacily of boiler on frusk Firing 1.
Q74 kgdhio.

14964 /920 = &5 266k oy EEITF A

t11
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FIG 5.4 PICTURE OF SWIRL FLOW COMBUSTOR SHOWING PIPE
FOR SECONDARY AIR
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Rate of husk burming = 3737.5/920 = 4 0625ky.  mi
- SRS M)

~0.068ky. ./ se .,

Air utilised for combustbion
A0 % 72760 m¥/sec, = 0,50 5o Ty

Specific weighl of air — 1.8 I-g. /m3

Mass flow rate of aivr = (.59

|7';,, /

Ne'.llt?t'.tiﬂg volume o husk dencilhy of ainlet

9 Fuel air i
. -] -7;1 7 l I'J /|“:-‘ el

Assumin i B Y - . .
) 13 raliv of voluwuwe of combustiiovn producis al

NTP to volume of 100% theoretical air as ., 18
Volume of combustion products air 1o wol. of al
S0% ewcess Aair &l NIF = 1.45/1.2 = 1.
Hence the volume of combustion products = 0.5 & 1.
=0.55 m¥/sec.
Volume of cambustion products al 1300K
= 0.5541300/273 = E2.610m3/5810,

Velocity in feeding duct to dislbribulor at 300 K
= UO/&\,;.L')C', e e me T s e e = = 2.1 msisec.

Velocity head in feeding duct al 300°K
(15.1»& x 1.317 5 273
) I I A T = 13.9Z Kg.. 'w=®
2% 2.81 x 300
From Fig 4.12 A(iv), for inlel lusses for various Lypes

AL KA

of gswirlers, we hrave E=1.,85

144
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Hence &P.L - 1.85 13.97 = 2Z5%.74 Kegsme

From Fi1g 4.12 Bviy, for chambor Friction swirl aml

outlel losses reading E=~ 4, and U, = 8,55 m/sec.

4o (B.B5)2 50 1,317 w273
G669 K. /mé

O

Z xw ZL8) 2 AUD

for averayge Lemperalure of gases
equal to EC0K assumed.

Al  inlel o connecting ducl, where Lemperalure iz

measured as 10Z27<C, Lhe  voluame o0of combustion

products = 2,43m%

Zebds B2 t!;r

|

Mrerefore velocily Uy

H* 20,980 sec

= Z2.&54.25 0 .

From Fig 4,15 & (ij) E=2.0, a!lrn = LZ2BYT7 Ky/m=
al 1302K

oD.75)% 0.2877
Hence &F for ducl anbn = :"f"_' o

~ 12.36 kg/mT

At entrance Lo cyclone From Lhe Juet, &P
quals 12 36 Kyg/mS 25 E = 2 from Fig 4,15 (A=-i1).

‘:’l‘ ca - . .

4 1= E(iv), ter oullel from cyclone,

F = 4.0 g 0t E0F 13.34m/ sv i
| of cyclene ” TR &%=
e. ! ' n
= 10.98 Kg/u#

Velocity &'
rali ulatod Lo

. 1pne &6F 7
Pressure Jloss 7 cyet
ress -

in vombuslion chambe



' sUbe 110 6)
1 v A2 .30 + i
f,ME
i B rop Uhroush b0 hoiler
was
! 2‘/' g U ‘i
4 vojumelric tlow
g M Flow rate of
drap L b Lhe
calcu r wga.81 1Y i
LLmaLed ‘ dirop in Lhe
combined compu> " SLew Lyed to the boiler
therefo: €& 284.81 L7 12 ag2.56 KIS0
. — ( fi feed pluwe! 61 4w
Prassure develOF . que 1O 1.D.Fan = 205 w 27376090
| -" LAl
Total press;ue duvclnpcd = 3bb- Y e ewhich 1
Just pightly aboVv® the sl (ressure ardp
Live OV vhe sy ("
5.7 gaving BF FUE cosTs BY conveRSTEN 7O HUSK FIRING
sYSTEM
b s ngs T fuet cost PET pani ! gteam due LO
1 2 'R » Liu I
Oniver ; e Dll fil"“d Dl’llt Lo Lhe ! | }
| [ ] ’
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g
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Rate of steam consumpt ion

No. of hours worked /day

Steam outpul/ kg oil 1Z2.92 kg

0i1 consumplion / day 1300 Ky

Price of 01

011 coslt per doy : Rs 4355
0i) cost per tonne of steam : Rs 540
: A iy

Steam oulpul per kg of husl

Husk consumplion per day - 4.2 tonnes
- Rs 3007tLonn

Price of huslk

Husk cost per day

Hust: cost per tonne of sleam r Ry 75
Savings per day by fuel conversion Rs 30%5
Rs 185

Savings per lonne of steam

If coal is ugsed as fuel, the steam oulpul oblained

S

is 4.8 kg per kg of coal. Cost of ceal being Rs 750 per
tonne, the . fuel cost per donpe of steam using coal
works oul to Rs 156.25. The savings for conversion {fromp

25 per lonne of sleam,

coal to husk would be Rs 81.25

THE COMEBUSTOR SYSTEM

2.8 FINANCIAL ANALYSIS OF
The cost of the combustor syslem as designed.
site of an agro solvent

fabricated and installed at the

147



exlraction plant worked sut ito Rs. 78,740. The detajls

of the materials, Juantitie used, prices and Charges

labour utilized in lhe syslem are given below:

for
TABLE 3.4 CUST OF TIHE: COMBUSTOR SYSTEM
S.No. Particulars At Rate Ao,
Fs. Rs.
i. Refractory bricks 15-8 1200 .25 7,500
2. Side Arch bricks I5-& 1000 .75 65.750
3. Std.Siliminitle bricks 200 2é S 200
4. Side Arch Siliminite
bricks 200 27 5,400
3. ACC Superfine Caslable
cement 1& bags 195 3,120
&, Fireclay for I5-8 bricks 30 bags 20 HO0
7. Fireclay for Siliminitle 6 bags 50 300
a. Material for foundalions bullk 1200 1,200
e Steel (Flats & Channels) Z.7lonne &300 17,090
10. Blower 1 4200 4,200
11, I.D.Fan 1 &800 6,800
12. A.C.Moter,3Ph,7.5kw 1 4300 4,800
13 Pulleys,bells,etlc for .
motor drive 2 setls 175 30
14 . Digil Temp.meler O—1300°9C 4300 4,300
15, Labour charges for steel n
fabrication Z.7tonn2 1300 3,310
16. lLabour charges for S
construction of system .| 2700 £y 700
--------------- I o ;” ) i, 10
The running and maintenance cosl of the syslem
have been estimated at arpund Rs 2800 per month, afle:
Thus

a trial of aboubl seven months of Lhe systef.
include the boiler downlime losses due

frowever does nol
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Lte> i gf Lhe husk combusior
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/ 14
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stbeam | w—
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v ) D
merely tonnes ot
C P - T - - 14 [
onsumption of 700 10y of steawm pel lhour round LI
e
rpst JB recoverable in Just

clock the inilia
about a maontlhi.

3.

9 OTHER SYSTEM ADVANTALFS

the swit' combusat ular and continuous
atutre stabriazty of

Us in

feed of husk - made thal lemper

the flame and pressury tivy of (e sleam tle

beiler is mainlaincd.

2. The cnn b ' no : , of the combustar are

Sach  that o0 () vt .41 in internal

Lempor stere  of the ctem whean fous pant 9 Lo
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manpower is dome away with

burn poor quaily husk wilf, S Ome

3. The can
mo 1 1
) sture contant wilhoul anv loss i7) combrust;
B 10n
The higher 1 ane ltemperatures n the ramge of
G L

1000°C  1ncreases 1the heal Lransfer rate in Lhe boiler

tubes and hence Lhe steam Jeneraling capacily of Lhe

boiler.

5.10 SYSTEM LIMITATIONS

the system has shown Lhat the

1. Contipnued running of

feed fklower impellar gets worn oul and needs Lo be
replaced as oflen as once a month. This is due Lo Lhe

hard abrasive nalure of rice husk,.
2 Sufficient «care has lo be laken while operating
system to ensureg Lhat the lemperature doesn’t rise

the
can lead to

1050°C, High Lemperature

fiusk thal sticks

cholzing of the system and

much above
o the walls of

softening of Llhe ash

the chambers. Thus causes

imminent breakdown.

leads to an
3. Rice husk, is available Ffor only aboul Five monlths

or so0 in a year and hepnce Lhe syslem can use il as fuel

for only about six or seven manths in a yvear withoul
facilities for stogking large nquantities of husk.
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T1 USE OF SAWDUST AS FUEL FOR THE DESIGNED CO
Svarin MBUSTOR

combustor system similar (o Lhe one dicscussad

in the preceding seclions was tried an sawdusl as fuel

instead of vrice husk. Il was found thal lhe system
performed fairly satisfactorily wilh saw dust also. The

following observations were recorded during Lhe irial

fiting of lhe combustaor with saw dust.
Moisture Contenl of Lhe
sew dus i 20%
temperature altained 10Z0°

Average

Time teo attain averajze lawmp. 30 minules

Maximum temperature alttained. 105&%

Fuel consumpiion iy Lo

Ash colour rey  with 10~15%
black spols.

It is thus establlished that there is a distinct

possibility of using the Swirl flow syslem 1in

principle, for any bulk fuel, having good fluidizing

and combustion properties in air .For best resultls,
however i1 will be necessary to design egach system
accordiny to the flow characteristics and purning

properties of each fuel



CONCLUSIONS AND RECOIMMENDATIONS

&« I CONCLUSIONS

The Increasina costs of convenlional sources gof

eneray and  Lhe likely reduclion in their availability

have made il i1mperalive for the industry to search for

allernailive sources of enerygy  which are easily
av. lable and renewable. This search for cheaper and
ES1ly availeriz allernalive fuels 1s all Lhe more
tmot Lan Yoo developing couniries Jike India which do
not have Lhe resources to compele wilh rich developed
couniries of Lhe world for continuously dwindling

available supplies of convenltional fuels.
Agroproducts form & largs= untapped renzswable
Lhe vear 1245, for exampile,

enerqgy source in India. In
the enerygy availability from agro residues fraom si.
Lo the sum of Lhe tetalenargy

crops was enqual

major
avairlable from Lhe indigeneous production of coal plus
that available from lhe o1l imports for Lhe year.

which unts? recently posed a problem

Rice trusk,
for disposal and was cometimes used as & beddaing
material or packing material and household fuel, has
potential as 4 source of rznewable eneryy

considerabkle



lusk that make it

The main broperlies  of price

Sullable as a fuel arc its syl calerific value and ils

8 flowing propertiecs t(hat enable 1l Lo be 235 ly

fFluidized wilh an  air stream. Il can thus Basily be

Lurnt in SUspensivn tn ale natural stale and ho euira
Size reduction foCess is ceyuited Lo propare il {or

Suspension  burning. [ls princrpal disadvantase is its
whleh teads to considerable wear of

abrasive nature

husk handling machinery.
The combustion systems burning rice husk used
Cuommercially 50 far tave moslly bheen wusing inclined
slep grates far this purpose. Such systems provide
Lemperatures in Lhe ranye of 700°C and have a poor
They also suffer from the 1nabkility

Lhermal efficiency.
Lo separale fly ash frow the flames. When attached Lo
boilers the chimney exhausl carrizs considerable ash.
Fly ash is also deposited on the fire lubes alang wilh
tar. This results in a fall of heat transfer capacily
reppated shutdowns for lube

making it necessary for
cleaniny.
4 are &o
Other shortecomings of the grale system
follows:
is manual. As such

- In the grate system Firing



efficj g 2
tiency of combustion depends entirely on the skil}
A e sk

of

the operator, Normally, fiving is erratic resultip
'J

in ver : : : ,
y large fluctualtions 1n boiler temperature and
= =i

pressure.
2. Reslarting of the hoiler after sloppage Lakes

considerable lime as tLhe syslem is open and cools down

fast.

3. Proper and full utilisalion of hheojller Tapacity
can never be oblained

4, The Grate OSyvslem reqguires constant poking and

sloking., One exltra person is equired for Lhis PUFpOSe
in handling the system.
3. Only dry and good qualily vrice husk can be used

effectively in Lhe Grale System.

6. The Inclined Step Gralte Furance has a very rijgid
construction and therefore a minimum of 72 hours is

reguired to convert back lo coal or oil.

Swirl burning of rice husk eliminates most of Lhe
disadvantages of the inclined grale system leading lo a
very satisfactory combustion ctharaclerislics.

The design of Lhe swirl flow combustor depends on
the heat outpul reguired, thermal efficiency of The

1

H
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I Lew Aand @loment )

boiler, calarific alue oy
Compositliou uf Lhe gl et h rEnds o bR
! 3 Il

‘arlely  of husl nd g Uity . Walh thg-

particul ar
del2tminer,

tnformation Lthe pnece B ANV 0"
Fased upon  Lhe vnlumelyi tlaow o) The fluirdized
husk—air mixtlure Lo he hanad i fre slem. Lhe
volume Ot Lhe RITTRTE chounls Lo
Foqunred ( dJen it DoCe: r Larve

calculated tor

combusting Ctlhe torsk.

In L2 swirl flow combus!l o) Flame Lamperatur e
possible are 3T Lhe range ol 1200°0¢, The Irighor
lemperatures are allained by  ©Lhe [lue gaszes leoad to
ipncreased heal transfer rvale in (he boisler, amnd honce
more sleaw genaralinmg capacilty. lhe combustion
efficiency of rice in swirl buraing s neasly oo,
In tthe swirl flow couwlmsator Lhe {firing 1is
Llower, and is

controlled fhy a thopper fesder and
regular and continuous. This ensures ltemperalure and
of Lhe boiler over long periads. ihe

pressure stabhilily
system acts as a thermal Tlywheel as il 3s closed and
insulated. There 15 litete drop  din  lemperalere
overnight. The syslem mayv be shut oti anl! seclt staried

ragunt ed

over short period of Lime. Only une person s



for feedin, ' a
ding Lhe husk to the feeder hopper, and the need

Taor poking and sltoking the husk as

For ano Lher person

1s done tor Lhe grale syslem is eliminaled.

The swirl flow system combuslor designed for
thys projecl was coonnected to a horiconta) four passg

boiler providing sleam al 100 ps1 for use 1n an agro

solvenl exlraction planli. The design incorporables the
provision that Lhe combuslor could be easily

disconnecled from the boiler and rerun allernalively on

1ls original o011 firing syslem.
field trial of ithe combusior, a lLemperalture

In &
oF around iCOC°L,  was obltained wilh a combuslion
gfficiency close to 1G0% The ratio of water

rate 1o fuel t=ed rale was 4, compared Lo

2vaporation
of husk in the inclined grate furnace, 4.8 for

coal and 13.0 for oil.

of lthe design are L(hal

UOther imporiani d{ea&lures
all the fly ash can be removed wilh Che help of

almostl

a cyclone separalor hefore Lhe flames enter lhe boiler

mouth thus reducing Uthe possibility of pollubtion
deposils of fine ash on the

hazard. Only minimal
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boile:r Lubes coupd be expecton

Ey rewnving the conneching dJoct from Lhe syslem 1

Lhe furance, 1t takes voly about 50 minwies Lo capver |

Lire combustar hack Lo Driginat oir [ hred svsitemn

The rcosl  of steam Aeneralion wilh Lhe rjce Ruysh

Combrus 0 & T i - e k)
combusior STt Lo only My fiu Ponke Sowpared Lo

Rs 260/~ per Lomne with o)l bl and L esbimaled R
1567 per tonnme will, coal . Friel .
L 0f the matersal  and labour

lhe inxytial co

end unstallalion vof Lhe

charges for iLhe tabricalion
unit  are Rs 78,7490/, At & planil consumplion of 700 Lo
oF steam pa2r howr roumd Lhe cfnoclh o Ehis anslbial cousi,

can be recovererd fn 1oss Lhane o wenlh
Ao brial on the sk flirved cowbuslor desagned, witi
sawdust as a tTusl established  hal Lhe swirl]l 110w
firing can effectively be wused Lo Lurn other bulk
fuesls. However it was Fe21l thatl 1 will be necessary to

design Lthe system acording Lo {iow characbtasistics and
burninyg properties of each fuel.

Jimartations

of Lhe system arg Lhat lhe

The main
feed blower ifmpellar for feeding Lhe aie-husk mixlur e
gets worn oul as aften as vwnhoe K mointTh,. This is due tu

the abrasive naturg of husk.



The combustor temperature, if permitted tp ri
Se

abov = - . . R
2 1lhe ash soflening poinl of rice husl which je

around  1200°C, can also cause domege Lo Lhe linings of
- Yo 0O

Lhe chambers ok 3
5, choking  of the syslem, and assncialay
downtime of Lhe boileyr causinyg loss of production in

the plant.
It i1s of course realiced that adeguate rice husk

storage facilities will have lo be creatled tu use such

systems round lhe wear.

&.2 RECOMMENDATIONS FOR FURTHER WORK

Further worl should be carried out to explore Lhe
utility of 1The swirl flow combuslor for multifuel
burning wusing agrowastes and residues a0 per Lhoid
availabilitly. Field Llrials have shown &a 9Jood

Fun on saw Jdush.,

of the designed unilt when

performance
peanult shells,

Other fuels that can be used are Jin
waste, maize waste, dried leaves. bagasse, coir elc.
However, size reduction to abkout 0.5 mm would be
necessary far these olher hullk fuels.

The necessary information of caloritic value, and

analysis of olhe2r agro residues, buraninyg
Lo he

elemental
ete. need

properties, fluidizing valocilies



known for these residuge to arrive at accurale deziqns

0f swirl flow combustors incocporating them as fuels.

It iz mecessary Lo stody the abrasive eoear

characteristics of rice husk willhi differenl blower

blade materials 1o a&arrive &l Lhe optimum design ty

reduce frequentl bLlade roplacemeint .
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10.
11.
12,
13,
14,

15.

STATEWISE POTENTIAL

No.

APPENDIX -A

State
Westl Eengal
Tamil MNadu
Bihar
Andhra Pradesh
Utter Pradesh
Madhya Pradesh
Orissa
Puniab
Flaharashlbra
As 5 am
Karnatalka
Kerala
Haryana
Gujrat
Other stales

TOTAL ALL INDIA

AVAILARILITY

a

1

F RICE HUSK

Husk (000 tornnes)
2502.%
19¢7.0
I83%2.5
1766, 4
1713.9
1465, 0

1435.7

7304
761.3
760.2
a23. 1
2231

H&HR .5

7,558.6



APPENDIX ~ R

STATE-WISE NUMBER OF RICE MEIELIS

State/Union
Territory

I,

9.

Tamil Nadu

Kerala

Andhra Pra-—
desh

Karnataka
Makarashtra

Uttar Pra-—
desh

Hihar

Madhya Pra-—
desh

Orissa

10.Guirat

‘1 ‘1.

‘12.

(e df

1 4 a

15.

Punjab
Assam
Haryana
West Bengal

OtherStates/
Union Terrl—
tories

TOTAL

Hullers

14,910

13,043

5,587
6,778

5,123

2,140

4,747

3,114
3,030
3,026
2,777

466
1,067

205

1.544

70,579

Shellers

239
334
360

54

Mitllers
Shellers

21

N

23

&,00b

168

cum Other Total
Mode

machines

600 15,211

11 13,083

1,585 11,888

14+ &.214

17 $,931

221 5,275

51 4,872

Q4 3,674

674 3,978

121 3,470

637 3,471

103 2,732

3246 1,718

430 640

12 1,819

5,025 87,606



APPENDIX - ¢

DETERMINATION OF THEURETICAL AIR RFQUIREMENT AND PRODUCTS ar
COMBUSTION FOR RICE LUSK OF IR-8 VERIFTY

nin lable

Assuming 100 kg of rice husk of IR-8 variely with an ullimale analysis as show
Lhe

3.2 and 3.3 the amount eof air required for complele combuslion and the weight of

producls of combusiion can be oblatned froz Lhe folowing chemical relationships,

¢+ 0z -—-——--- > (0
ZHz 1 Dg ~omemvm—m—— L0
““““““““““ > Slg

The calculations are set jo lable C-1. Il is assumed lhal ayr conlains 217 nxygen and 7% nilregen by weight,

TRBLE € - 1 CUMBUSTION CALCULATIONS FOR 100 kg UF IR-3 HUSK

Composilion of 100 ky,.Rice Husk Ufn‘-&)]rhole keguirmenl | Mole Produced
air
L] T T [
’Component.'ﬂalecular M. in kygs.|Hole '|' @ NZ ooz | e | s [ ‘
|
- ' Ht. L | L
| ¢ 4 39.26  3.271 3.271 12,3095 | 8.271 . 18.30'92
|' H2 4 .9 7.4 1,248 4,649 2,455 f?:j_;
0z 32 32,70 1.002 1.022 -3.8447 . v R
.':38 1.99  0.071 - . G.071
Ne - . :
5 K7 0,10 0.0031 ! 0.003 0.0113 . L0035 0.0113
HeQ 18 3,%  0.19% . . 0. 198
!

17,50

71 2,693 0031 13.E_’3E]

I—-——_
“«
&

I Ash | .
a 4B
‘ Tolal 100 1hq. 3.5 {3, 159

Rir reguired .
! 2 7.5 % 32 4 13,167 x 28 = 480,/ kg

requited = FFhi s

s/ 18 o 2
87 ty/n?, the volu

‘1 Sun ) ‘.1'
(] l” ‘ﬂl'”“r"-'ll

'“'“ qu‘ml“‘y of ”I‘.,:\‘ 17,230 = 19,2051 sole
v 3-271 ' ;|.(.r.".f ' 3o & 36



Multiplying by iheir molecular veighl, the lola) weighl of these gases
= 143,924 + 38,470 + 370.664 + 0.1984 = 543.754 kg,

Ihe lotal volune of products of combustion
= 19,2051 x 22.4 = 430,18 n*

Thus, the specific weighl of flue gases
= 563.2564/430.18 = 1,31 kg/a?

Volume of products of combustion / kg of husk = 4.30 a2

The material balance for the above combuslion process is given in Table C-7

TABLE C-2Z MATERIAL BALANCE FOR COMPLETE COMBUSTION DF 100 kg, RICE WUSK

Input kg ) Oulpul ky
Husk + Air:
containing /
¢ = 3%.260 gz = 112,000 02 = 143,93
He = 4.990 No= B4 | N S L7045
0z = 32.700 H2B = 38.48
N = 1.9 S0z z 0.20
5 = 0,100 Ash = 17,40
HZo = 3,560
Ash = 17.400
;
= 580.45 580,42

Total (Husk + Air} j

170



EXPERIMENTAL RESULT 0F SUSPC

APTENDIX -~ D
ENEINN BURRISG OF RICE Husy®

Fuel Air  Excess Air Teap. Heat in Unburnl  Heal in Ca , ‘

flate Flow QObser- Caleu- of Com- Carbon 1n Refuse Hmw:dlel rarter LT;;?] et ie::,fj I?f?.bu,smn
rate  ved lated bustion ’ LleREy

kg n? Gases keal keal keal

e kg Lok i kg 4 kel X

10 1.70 164.2 159.29 454 455.7 13.1 435.7 13.1 3021.5 86.9

5 170 4.4 72.85 588 28,5 7.7 2665 7.0 2.7 929

5 2.2 2.7 116.08 53t 1085.2  29.5 1025.3  29.5 W18 70.5

i35 2,55 152.8 159.29 467 1673.3 48.2 1623.3  48.2 1803.% 51.8

20 2.2 652 b6 620 292.9 8.4 4.9 ¢.2 299.8 8.6 3177.4 94.4

20 2.55 100.9 94.47 598 781.2 2.5 - - 7812 2.5 269.0 77.5

20 2.83 17,1 116.08 503 143¢.2 N2 13.4 0.4 1445.2 4146 2031.4 58.4

25 2.12 34.1 29.48 A5 374.3 10.8 24.8 7 399.1 11.5 2078.1 88.5

25 2.55 57.4 55.461 441 211.6 6.1 23.3 0.7 234.9 4.8 3242.3 93.2

&5 2.83 774 72.89 418 7.3 0.8 7.0 0.2 383 1.0 3095.9 89.0

0 242 13.6 804 75 s37.1  15.4 8.7 3.2 5.8 8.6 28314 814

0 2,55 26,4 29.65 699 292.9 8.4 494 4,4 325 9.8 31347 %0.2

30 2.83 4.6 4405 672 2.6 61 - - 24 b1 32458 93.9

B 2.5 3,9 11,12 717 599.8 20.1 83.1 2.4 782.9 EE.S 2694.3 77.5

3 2.3 0.2 2347 702 1090.4 3.4 409 4.2 133 2.6 2349 61.4




APPENDIX~ E

AVAILABILITY OF STANMDARD MG  PLATE SINGLE STAGE CENTRIFUGAL

BLOWERS
przzzsgem;n water CGPSCitfupr' ””'f'h_rnugr Size of
. nl.'n:'L.c | A0 RPN the air
> oullel mm
305 3 oo
e 13 .5 102
305 ) s
305 40 3.7 e
502 e 505 152
S ok | 4 =
5 19 . 'y :
302 204 18.5 =54
305 240 22.0 305
305 300 30.0 305
305 340 37.?‘: 255
405 4 0.75 52
£ 1 1.5 7h
405 ! 6
17 2.2 102
oo ' 102
405 26 3.7
A0+ 5.5% 1523%
405 : 2 st
57 7.5 /
pp a8 11.0 177
o2 120 15,0 227
402 160 18.% 254
405 160 18.5 254
s 180 22,0 305
40> 250 30.0 305
= 37.0 305

405
0
405 27 -

. o a————



APPENDIX -F

DETAILS NF FIRST IRIAL RUN 1F RICE MUK COMBUSIGR

Time Run Lime Combusior  Cumulalive fumglative  Sleawm
lemp, in waler pump bays of husk [Iressure
ducl run time fed in Hopper
Din 'C min ps1
1100 0 - ¢
1138 38 270 -
1200 60 Z7% : 12
1210 70 358 7
1235 95 738 4 13 H
1250 110 845 7 15 4
1310 130 950 1 e -
1330 150 9/3 13 24 Z
1350 170 790 . i fﬁ
1420 200 100 2 0
7%
1430 240 1008 2 dc
- 37 05
1450 230 1140 30
% 5% 103
1515 259 1207
105
. 40 60
1535 275 1282 . &7 101
0 1 232 g 75
1550 29 15 70
5 1282 " &5
1695 % 1275 99 I
1625 325 1270 53 76 :’f’
%50 350 1955 56 M o
1710 370 1'f4? 59 8
1730 390 c

173

Remarks

Sol1d fuel vood 40 kys. soaked

in 5 1. kergsene loaded and ligbled.
Blower and husk feedf slariad.
Blackish ash from cyclone and
black smoke 1a slack observed .

Husk feed reduced

Husk feed adjusled uniil
greyish smoke in siack

Sieam flashed off.

Flames escaping from the hollom
of the cyclone chamber «

Combustor stopped due Lo bu1l4
gp of pressure in the sysiem,



Tioe

0710
0715

0730
0740
&00
0815
0830

0845
0900

0915
0930

09435
1000

1015
1030
1100
1130
1200
1230
1330
1430
1530
1630
1730
1830
1930
2030

flun Time

min

20
30
50
65
80

ks
110

g3
140

159
170

185
200
230
260
2490
320
380
440
500
560
620
680
740
400

APIENDIX - &

DETAILS OF THE TRIAL RUN F MODIFIED RICE MUSK CdIUSTOR

Conbusin
Temp, tn
Duct

L

200

450
750
260
932
794

1020
1022

1023
1025

1026
1026.3

027
1027.5
1628
1029
1029
1028.5
1028
1028,5
1026
1026
1027
1028
1028.3
1027

r Cumylative Curulalive bays
waler puap of husk fed
run (ice in happer

mif
- 7
- 9
12
15
- 20
3 24
77
2 i
15 35
18 37
21 4
24 J4
21 30
30 94
3 o
4 6
2 73
54 &
6b i
9 2
102 e
114 136
i i,
179 187
150 03

Steam Pressure  Remarks

Starl ap of Combustor
with salid faci.

Start up of blower hu-

sk feed,

Setting of air fuel fesd.

80
1
L [F7:

g6
102

o7
Stablized bel~
ween ¥5 amd 102

psi

Flame temperalure stab-
tised ab around 1025° C.



Day No.

102

123

12%

145

APPENDILX~H

PERFORMANCE AND MALNTIENARCE OF COMBUS TR

Commmtssianeng of systen

Exhaust Dlows Tihfee ) 1 v e

Lhamboer rall

Top of st Cotmbizs Lo
O .

valvwe ol wurking

Fagd chedl
leal:rnyg 10 plpe

Hat=sr was

Walet
praperly.
to Lboilter.

Feed Llower rmpellar damagead

Exhaust Fan vibrabaong Lo antih

Boiter zxhausl Fan vibralainyg Low

meee b,

Fell

sl furance
recelving

The hricks of
down as well as the vusl
cyclone damanged badly.

Steam Pressure balow oo PS5l

glower scrotl deamarged
A Foevel=
fiol Lom waler saal phpe oF

one ¢hambel

SYSTIM

Kemar ks

fepalred  and
W el Liey

Slopped.Repalrs
a0 oday GO

Reparred

Lagee t ) ar
veplaced

Bearing cha-
nged

Bearings cha-
nged and shatl
and bearings
dipped in water
Lrough to avoild
overhealing.

Brick work of
Fainance and
cyclone was
redane .
Cleared sur—
fates of tha-
nhers

New scroll
fitted

jripe replaced

conlad. ..

Cuthirl el



157

170

154

Cyclone chamber bLricks fell down
from boltom dusl vullel .,

Boiler was slopedt for inspecliion

of lubes.
Blower iwpeller damageu

Elower Impellar damajged

S e

Tubes

brick lining
inslalled.

cleaned

Impeller cha—
ged.
Impeller cha-

g ed



