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Adm
Deleruudaten of &Y of sohd faels by wsing (Bomb) calerimeter.
Constrwetion:

. The bemb 15 4 thick walled constant volume vessel made of stainless steel which prostdes
congiderable resis@nee to corosion end can withgtand 2 pressure of about 130
atmozpheres.

2. The unit has o silics crucible in which is placed a weighed quantity of the fiel sample.

3. The homb s provided with an electric connegtion for producing spark, a coatwection for
oxyeen supply and a reliase valve for buml gases,

4. The bomb is sumounded by jacket containing warer,

3. The tempeeature of this water is kept uniform with the help of a metor daven stirmer.

fi. Tl water lempereture is measured by a special diermometec rending up to 4.01 degree.
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Procedurs: -

1. A fuel pallet (benzeic actd wablet}t of 0.75 w 1 gm is accwalely weighied and plazed in
the crucihle.

2. A fuge wire of known mass is stretched betwesn the eloctrodes and it s engured that the
fuse wire is in contact with the fisel.

3. The oxygen requirsd For bumning of fuel iz admitted in the bomb theough greygen valve e
a pressure of ahout 2530 bar

4. The bomb is placed in the calonimeter (water jacket) which contains a mewsured Guattity
of distilled fuel.

3. The waler in the caloriteter iz sinmlbatesus]y stimed at moderate rate and LempGrature .

~

readings are noled.
o, Wheo the temperature becomes constany, the electnic cirenit is <losed and the fie] ot
Lgniked,
Due ro canbuslion of fiec], beat is liberated and the temperanie of water stans Oy
8. Temperatyre readings are noted at repuler intcrvalz wotil constantancy is vbserved.
9. Having complueesd the cxperitnent. 1he bumb is removed fiom the calotimeler. The

pressuee 15 3lowly released throygh the exhaust valve and the contents of the bomb are
wrighed.,
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'i;.-.::S sl o
illm fH FART: [ SUBIECT: Thermodynantics- I Eadili : I
Crhservyatinon tahle:
Wt .
Sr. Nao, Mass of solid Twel | Mass of water Tuial Fanal
TempreratureC) | Temperature*Ch
Calrulations:-
m,xCV =mC_ (At)
) w o
Fesuliz-

The culonific value of given solid fuel nsing Bomb calorimeter is
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Determination af UV of gageous [uels by using (lunkec’s) caluricneteor.

sl retiom: -

Thu wenit exgentially compeises:

A aas oeter winh thesmoome ler attached t i

&\ mE prossure regylator,
3. A suilwhlz oumer which is placed ieside thz combustion chamber. The combustion
chamber iz swrounded by waler jacket theough wlivh pass 2 set of tebes callal fyes.
4. A 5ot of acewrans thenninneters Mied ol approp: iy places @r measoremeant ol eold water
and o weater.
Figwre: Sunker's Calorimeder
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Operadon:-

1. A s bumer 15 supplicd with a roetered guantity of ga;s whose calgrific value is to be
exlionaed.

- The gas first passes drough the povernor and it is so adjusted that uniform flow ate of
g5 15 cosurcd.

Subsequently gas passes thromgh the gas tlow meler whers its volume is metered.

When the gag burns, the hot products of combustion travels upwards through the centre
uf the chamber. The chamber is so designed thet the gases after having reached the top
ezt deflected downwards through the flues and finally cacape W the atmosghere through
dullel

The waler coters the jacket, surmonnding the combustion chumber, a1 the Bottom and
leaves from the top. The water which flows theough the, jacket is collected, weighed and

its temperaiuce ul inlet and oudet dre natesd

Procedare:-

1. Conoeet the watcr supply fromn the overbead rank or water tap to water inlet of apparatus,

Z. Turn cn the water maing by opening the water tap o the gas calorimeter. Adjust water

supply o such a way that thers will be only 2 small amweunt of overflow of excess water
(o sink. By this the air bubbles inside the warer circulating will be let au.

Remowve the burner from the caborineter.

- Tum O the regularer valve of LPG cylinder and allow the gas to pass through vovernor
and subsequently to the fMow meter. Allow the gas to pass for three four probitions as
indicated by the flow-meter,

Now light the burner and adjust the air regulator sleeves and the gas tap © get 3 non-

luminous flame.
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4. Clamp the burnzr by keeping it w top it position.

-
1

Fake abost 20 t0 30 chinu les.

Allow the water outler t2impecanore indicstor to indicare 2 steady wemperature which may

b Keeping the rocasuring jar bencsds the sweogiee waler outler fuhe and zsimulaneows|y

ciunt Lhe number of revolubions made by gas Quw-meter ponter i.2 to find the velume of

wen consunied during the f2: perod.

¥, Alsa imedately nots e emperatures of water et and wutlet by keepimge the water

Hlowr g pas flosr sume.

Obxervatigen Table:-

=y Mo

Water Hot or autlet
Tulet Outlet Water
lempuerature temperarare Quantity -
("Cy 'Ch measured

Flow-meter

reading

Thime Periil
{ sivoms)

Prepared by- Prof 5., Hiswankar/Prof B.C. Sandhy

HCO- b5 K. Biradar




COM, SAAHU {XH.LEGE OF ENGINEERING, AURANGAHA D

LABORATO

Py
MANIAL

_PHAETIEﬁ[. EXI'ERIMENT IRSTRUCTION SHEET

{unker's) calofmeier.

LXPERIMENT 11TLE: Dictenminaticon of .. 4 I gascons fuels by uging

DEPARTMHNT-MECHANIUAL ENGINEERING | LABORATORY CHMSSEAGOMECIITD Lok
LABORATORY MANUAL _ =
NOCSMEN ENGGMECHTI 42 YLAR:2016-17
[lese 20l ]

- |

Calculations.-

Vf :’{CV:wacﬁw x(T

anilet

Risuli:-

The caloritiv value vf given LPG s Junker s yes erlorimaeter js

- T:‘;:.fm )

R
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Aimne-

Smdy of deterounation ol dryocss Eaction of stearm.

Imtroduction:-

Tt a3 necessary to determing the quality of slegre in order to asceman e actual state of the wet
algurm. Knowledpe of the state of the stearn is MECCSSArY I any enginsering application where

gleam is used as working fluid.

Now conzider the Row of sleam lwirugh & pipe, il wmperatuee snd pressune iy be dircetly
mersted with the help ol thermomeier and pressure grige. I the ehserved teniperulure 1: abuyve
sattration lempcrane oF steant (kmoven From sleam tables i Prosstice 3= knowo), then o 15 also
knovwn that the vepoue js in superheated yondition. On the hand, of the cheerved tewperabre
carrespimds to the salurated temperamre of slesm ol thi whecryed pressure, e sweant may be
satrated ar wet. The staee ey e anvibing rom satorared Hiquid 1o dry and sanucated stesen
Linder these conditdons, it s always necezsaly to bnd the gualine of steany before caloulaling
othed pronertics o steam. The Quality of steam is desigaled by the drvness fraction of the gteam

aef 1L 3% experimentally measuced,

The dryness traclion of sicam is defined s the ratio of the mass of dry stearm prescnt in the tota)

arvass of S0

) 35
”1.\' + lF:F..il'n'

Where m.and me. ace the masses of stoam aml witel in the o bce arim, 1 .
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Class Second

Year PART:1

SUBFECT; Thermedynarmicss [

]
FAGLE- " OFR

Theory:-

separating calorimeter

Steam
main

5 R
%ﬁig;&"
x:.;'.g.\,.-c-ck-a-

?ll"

Figure: Separaiing Calorimeter

This celorimeter is used to measure the probable valye of dryncss fraction of steam when the

steam is very wet,

The arangetnent of die culorimeter is shown in fig. The siesm is passed through a sample of bybe
as shown in fig. The moistue is separated mechanically fron the steam. The steam i passed

Frepdred by- Prof §.0. Hiswankat/Prof B.C Sandhu
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through pertorated tays and the waler paticles are sepanaled rue to inertis of the droplets. The

vatgeing slean is condensed inthe bueker valormeter.

. =rass vl wiker separared from the sesm

I~ frass of steam cymdensed in e bucket colorimerer which can be caleylated by difference in

miagy of the bucket calorimeter before and aflgr mixing thes stoam.

X = drymess fraction of steam

X =

M

-]

m, +

In calculating the dryness Fraction of steam by Uns merhad, it is assumed thar all the watcr

pantictes are romoved in scparating section and the steam entering in the bucket calorimerer is

complets Ly dry.

Frepared by- Prof 5.C. Hiswankar/Prof B.C, Sandhy
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Thraiiling Caliimater

Sample
ke
g, Throhler
[~ =1 Themmomalgr
Steam
main tManomsbgr

Insulation

[ ——— Fooing

walgr oul
[ e nSet

Cookng X
Wwatar In
N 5 Condensaty
w collacied and
weiphead

Figuee, Theartting Culerinetar

The arrangement of Lhis caloriteter is shown in fiy, The stean whose drvness fraction s w1 he
deterntined 15 tuken into e caborimeter frough a sample lube and passed throngh e throtile
valve as shown in fig. The steam is allowed 1o Qirottls down oo bower pressure until it comes
out in superheated condition. The pressure and wemperatuee of steam coomng oul of thu throttling

valve are lneasurcd with the help of tanometer aod o thermuemeter.
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Jeperating ard Throiling Calorimeter

Gavpfng pps

e (iR Ly
carying S o0 Lonimd st
B pressuea py k ) Trmmysreer
BT
-

\-kmﬂr-merrﬂar “;l{' Pressure gauge

l Exhaused
condensad & weinhed

Figure: Sepdreting aug Theodtfing Calorimeer

The arrangemenm of separaing and throttling calummeler .is stwewn n fig. where these
salorumetess are placed m seties. The stcam lvm the sample tube is ficst pazied thraugh the
stparaing calonmetors where major part of the water particles 35 removed amd then it s pasaed
onte the theottling calecimeler. The stean leaving the theelthig valve comes wul as superheated
steam. The steam coming vt of the thewiing calonmeter is condansed in o condeasce and mas;
of condensate i recordad, The mass of the water separated io separating valocinester apd the
presiuce and icmperature of the steam Jesving the Qwoille valve are recarded wirh the help of

pressiee gauge and mencury in wluss thermometsr.

Frepared by- Prof 5.0 Hiswankar/Prof B.C, Sandhu HGO- ©r.5.k. Biradar
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Observation table:-

Ar.Mo. | Boiler Pressure | Scparating Seciion Throtling Section
Slearn Rate of | Bteam | Bteam Rate of
plessure stcam Pressurt Temperature | steqn

| Pt bar separaion | P bar FTaep' D | condenyed
W Kprees W

Calculidivns:-

e~ mass of steam condensed and colleeled disum condenser
n, - sy e veaner collected rom separating calorimeter

X acmal drenesa Duction f sieam in main pipe.

X apparent divoess Truction of steam mewsured by sepandling calarimeter assuing that the

steam coming ol ol separsting calorimwter is completzly dry.

X= Actual drycess fraction ot steam votering iate the theowling calocumeer,
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The apparent deyness feaclion is given by

yoo

|
AL, 481

e s———————. ]

AUt of water carried by the steam before entering mto (e calurimerer =

1-X
Mot e 2

Araout ol water separated in seprrating calorimer =

(1-X,

m_+m,

R S

And the araount af watcr carried by the stzam ina the thiottling calorimeter —

[1 i X: )"”.-:

a
i

The nuass of water in the stegm given by the cquation 2 miust be equal Lo the quantities of watcr

given by equation: 3 £ 4,
|- X 1-x, | (1-X,)m,
m.vm, }_ m. +m, |
Freparad by- Praf 5.C. HiswankarFraf B.C. Sanghy Hi:0+ Gr.5.K_Biradar
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1)
i (1-x m
o ' [I -X z] :
m. +m
Ly + m., |_ P 5 w
B
M
- X
X = —
motm,

Subsliuling thiz valus in shove cquation

l—X=(1-X,)+(—X,) X,

X=X,xX,
Regull -

The dryness fraction ol st=am iz
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Aim:-
Study and performance of flue gas analysis by using Orsat appatabus.
Iniroduction:-

The focls available are in sulid, liquid or gascous forw aod mainly consist of carbon and
hydrogen. The water vapour in the evaporated form is then integral part of the cormnbustion
products. The analysiz of flue gases made tuking water vapowr nte aceount 13 called the wet
analvsis. I the vapours are condensed and the condensate ramoved, then the floe gases will be
dry and the analysis made thereof is referred o as dry analysis.

The voelumetnc analysis of dry products of cumbustion for a boiler or engine is doac by mecans of
Orsat apparatus. This ks ao appaivs used to analyze the flue was containing OO, €O and
oxygen by volume. IT the remainder of flue gas is nitrogen, it will also be kaown by difference.

Apparatus;-

£ Apparaius
Fsscotially the unit consists of theee flasks containing chemicals to absorb different guses.
Far example:

1. Flask | eontams KOH (one part KOH + 2 parts of water by weight] and this abscrbs 00,

2. Flagk 2 contains alkaling solution of pyrogathic acid (Sgm pyrogallic asid in toc of water
mixed with |20 g1 KIOH i 30ce of watcr) to absorh O,

3. Flask 3 or sometiines 4 cuprous chloride {CuQ dissolved o 20 tinws its weight of
cofcentrated HCL acid till it becomes colorless} t absorh CO.
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Each flask & czally made of reo tlasks joined together with glass mbing, Tluee such Fasks ace
srcdnped mosuch a way that they torm two rows called font row and back row. The wp of each
flask in 8 row is connected to 4 eommon header called front header and back hesder. The front
head=r iz furthe: connected W eudiometer gencoally calibeated from Q te 106000, The eudooceter
1 stmnoanded by water Jacke! 10 kecp i3 tempeiatwe constant, Ongae ofher zide, the fiont leader
is provided with a J-way valve which can comneet it fo flu2 pas supply or atmosphiers o may

remait Elosed. The bach leader s commoeted to mbber bladder.

The front part of each flask s provided with one way glass lap atl the nevk poining thes oo
header. T is alsa provilled with nomber of glass tubes inside it 10 accelerate the absorbing action
ub salutivn by providing wer surface, The back part of 2ach flask has o] filin which prevents the
selution from awy 1eaction wilk awmesphere, Eudometer i connesivd by Mexible robber pipe to
aspiraan bonle whose posinon cen bz changed by Lilling or lowering i Thes consequently
changes the level of Liqued {puce watert contained in cudicmerer. The wspirator boole comagons

st witler whicl cannl dissolve any flue gazes.
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ORSAT APPARATUS
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— ] u1 ~ Measiming

Samps | | ,Buretie{EUDIO)
A
To atmosphere

o
CO

b
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e

Leveling
Bottle
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(IR

Cuprous chloride
Pvyrogalic acid
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"

s 8

ipettes absorplion

Drain
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Operation:-

Step 1t

1-d

Th: whele apparatus i (hecoughly eleased, swppers preased and then tested for nir
tighingss

The absorprion flasks are filled wilh their respective selutions 1o level just belimr their
rubleer cimnechong and theit stup cucks AR and © ace then closed,

The jacket and aspirator bottle are filled with water.

The 3-way cock is upened 10 atmwsphere and 1he aspirator boltle is rascd up to expel any
Eas of air in the eudiometer or header. '

The 3-way valve is how closed and the aspirater bonle is brought down 50 as to rzad zere

on eudirtleler scale.,

The 3-way cock is now connecled to flue gas supply and the aspitator battle is lowered
draw 1n the gas.

The: gas mixes willl the air thal may be present in the apparatus.,

Accardingly the 3-way cack is opened o almosphere and the gas cxpelled by raiging the
aspirater botlle,

The process of sucking zod exhausiing the gas is repasted 34 times s0 as to expel the alr
from the apparatus.

- Finally, volure is acjusied to 100c:.

The 3-way stop cock is then clused.

Frapared by- Prof 5.C. Hiswankar/Erof 8.0, Sandhu HC- [iF 5. K_Biradar



Zakokary |
CIIH, SHAHU COLLEGE OF ENGINEERING, A URANGABAD Ky
MANMUAL

PRACTICAL EXPERIMENT INSTRUCTEIN SHEET
| EXFERIMENT TITLE: Study and performance of flue pas analysis by using

Orsar apparatos.

l

| DEPARIMENTMECHANICAL ENGINEERING | LABORATORY (CSMSSENGHMECIVID LAB
[ABCRATORY MAMUAL _

NO.:CEMERSFNGGMECHTD-04 YEARZIIG-17

less B i -

il I i T SUBIEL.T: Thornedynumics- | Fank: "ok
Step 3:

Step 4

The stepper A of flask | containing caustic pulash selulion is opened and the ASpirato:
tottle is raised o push the gas inthe flask.

The aspiratur bottlz is moved up and dewn scvera! iimes lo cnsurc that all the CO, hay
bueo sbsorbed by the chemical solution in ftask 1.

The unabsorbed gus is then raken baek 1o the cudicimeter till the lovel of solution in Rask
| stands at the conslant mark {onginal jovel) and then it stopper is ctiged.

The lewels of watter in the endiometer and aspirator boktle are equalized and the volwme of

residnal gras i nobed,

+ Il decrease m volume gives the volume of ©O0, in 100uc of the flue gag samphe,

- The: procedure is repeated and the volumes o O, and CO are similetly determined by

passing the remaining gas through alkatine pyrogallic acid flask and cuprous chlotide
tlask respectively.

- The gas remaining in the cudiometer after the absorption of COn, O, and CO is taken as

nifrogen.

It iz worthwhile iz point cut that the Following order is noocssary for the ahsorption of
pdses: OOy Frst, O next and C0O last, This i because the absorbent wsed for O, i,
pyrogallic acid can alse sbaorb sore OO

In that case, the percemage of oxypen detected would be'reported maote,

The apparatus is handy, sesy to use and Girly accurale. 1o order to ensure that only oy
235 is being analyzed, the flue gas ey be passed dirough a U-tbe containing calginm
chlorade or some other drying agent before it anters the sehip.
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Conclushon:-

Heowe we studied the Crsal apparalus for analysis of Nue gases,
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Sedy of Redwood's Viscomster and deletinination of vizensity of Inbricuns.

Apparatus:-

Redwood viscometer oo | & ac.2, stop watch, Kohlrausch fask, thermoometar, Gher paper,
Frinciple:-

Fiscosity is the property of & fluid ihat determings its resistance’'in Muw, Tt is 51 indicator of fow
ability of a lubricating oil, the lowest the viseosity, gremer the fow abiliry,

Abunlute Fisoozity may be defined ax “the tangential force per unit area which iz requicgd to
touintzin a wmt velocity gradient betacen two patallel lavers, It is dewoted by 1 {sta). Iis unit in
CGS systen is praise

Visconsity fmeer Viscosity generally decrepses with increase i temperare, The maintenance of
viscagity over the range of temperature is called e viscogity index (V.1

A relatively small change in viscosity with temperature is indicated by high visCosity 1ndex

wherzas low viseqsity index shows relatively large change in viscosing with tetnprecatine,

Hfterl of femperaiure on ViScosty:

Viscomily of lubricating oil is imversely proportional to the lcmperaturs 76 with increase of

temperature, visoosily decreases. This is dee @ the decrease in molegular interaction.

At higher temperature, oil musr have sufficient viscosily to amry loads. Hetce heavier ol are

uged at higher lemperature. Similarly, light oils are used 2t low ambiant temperaiure,

Frepared by- Prof 5.0, Hiswan kar/Prof 8,.C, Sandhu HGO- Dir, 5.8 Giradar
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Eflect of pressure om visrosity

Lubricating oils ar subjected to cxtreme pressures al the intorphasc between pears and rolliog

elemont At such high pressures | viscosity of lubricuting oil increases considerahly,

Viseosity helps 1o scleeting pood Iebricant gil,

| Light (ils

Heavy (his

Having s densiy

High density

' Fasy flow ability

Low flow aliliny

| Usesd fur; High spred, low preselce & low

tenyeranare

Uszed forr Low speed, high pressure & high

teniperaluce

Significance of viscosity measyrenent

Vizcosity is the property of lubrcating off that detemine itz ability to Whricate aod through its

filn stremyth, wiscosine values are tred

I. Inevaluating load canrying eapacity

L. In denoling the effect of temperature chunges and for determining the presence of

conlaminants in wsed ol during service.

. Absolute viscosity values e required for wse in afl bearings desige calywlstions and

athet lubrication enginccring techwical design problenis.
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Procedure:-

1. Select the appropriate viscometer, cither redword viscometer no. 1 or 00.2 depemling up’
om the nature of lubrcaling oil.

2. Clean the viscometer metaliic oil cup properly with the help of suitable solveol e T4,
afher, pettoleum spirit or benzene and dry it to cemove any races of solverd.

3. Clean the ouber waler bath of viscometer and fill the waier bath with clean water for
detcrmining the viscasity at 909 or below.

4. Place the valve rod oo the gate jet to cluse i and pour the test oil inky the metallic oil cup
{0 the maxinoerm level.

3. Place a clean dry koblravsch flask immediately below and dircotly tu ling with discharec
gale jui. -

A. Tnserl a clean thermometer in e metallic oil sup,

7. Place the thermocouple in the wator bath and make the connections as well as cover it
with the lid,

8. Hear the water Gilled sp the bath slowly wilh constant stirring. When the oil in the cup
aftains 3 desired temperabure, siop the heating,

8. Lift the valve rod aod start the siop watch, Oil from the gaie jet flows into the fask.

10, Stop the watch when kvwer menizcus of the vil reaches the S0 ml mark on the neck of
receiving {lask,

1. Rexyrd the fme taken for 50 ml of the oil to collzct in the flask.

12, Repeat the expetiment (o got more readings.
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Figure: Redwood Viscometer

"

REDWOOD VISCOMETER
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Ohservation Table:

Sr Type of oil Temperawre at | ‘Itme required to fill Yiscosity

M. which oil 15 heing up S mlflask |

heated (°C)
|

Resubt:-
The visgosity of given sample Inbsicating oil wsing Bedwood viscometer at _ oy
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Aim; -

Determunation of clowd point and pour peint of lubrcants.

Apparstus;-

I. Cooling bath with stand.
2. Glass far with rubber gasker and cork.

Orptiondl accesseries requived for Lest;-

I. Thermomeater range below (4 to -S{PC.

2. Dwice cubes,
Procedure:

. Kecp the bath in lest position

Z. Fill up the drv cubes around the bath up to e aeck of the bath.

3 Fill up sample wl in glass tube up 4 Jower marked line and put rubber corks tighily.
Place inside metal vessel.

4. Fix up therinorneler in positiodn.

3. The temperaore wilt get down, Bemove e jur from jacket yuickly; mspect the oil for
claud poinl, when sample reveals cloudiness or hasiness record the reading of ihe
thormormeler.

b Cloge the jar and cool down again, Inspect the tost jar at every 2°C joterval, when the j.'-u-
1 tilbed, hold the jar in herizoatal position. If the oil shows no movement duning 5
secomds record the reading. It is pour point of the sumple oil.

Y. Repeol the test, the result should not differ by more than 45C.

Propared boy- Prof 5.€, Hiswankar/Prof 8.C, Sandhu H{M Ur 5. K Biradar
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Calvolation and reporting.-

Add 30 o the emperatuwee cecorded above and corrected for thermameter erors if NeCEsELnY
end report the result the pour point fur black wil. cylinder swek ot Kepan both the cper and

loegr pawr paint.
Frecision:-
Fozzuls of duplicate t25ts shaibl not diffec by enore than the tollowing peicts

Repealubilitg- &'C & Reproducibilite- &'

Rasult--
1. The clowd point [or Lhe given sample of ol a5
d. The poue poani Far the given sample of wil iy
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Aim: - Fertormance of mulrisiage reciprocating Jr compressar
Iniroduction: -

The air compressor is B0 S8R reciprocating tvpe. The air is sucked from
amosphere and compressed in the frst cylinder. The compressed air is then passes throwgh the air
conler and then info the second stape cylinder, where the air is (urther compressed, The air furer
poes o the wir reservoir through safoey valve, which operaies the clecetricel switch, when the
pressdre excends the fmit The test unit consisis of & air chamber, containing an orfice plare, fhe

manometer, comprassor, an electrical dynmamomcer gepe indwetion motor

Specilication:-
Parileulars Dretalls =~
Criarneter al HP crlinder T mm
, Dizmeier of LI cylinder &3 ram
Length of siroke &4 min
Maximum dischargs pressurg I L2 Ear =0 0
Compressor spesd SO0 rpm
It oLiar sspreasd . | & [ TR o
HIF of motor JIP i
Orrifice diameter 13 mm
Coefficisnt of discharge of orifice .65
= Ared af orifice | 0000132 m?
Frowedure: -

1. The cutlel vabve iy closel,

r-d

The dynamometer s adjusied =o that the circular balanee neads zoro, when the puinters at the
maotor pedestal eoincides. This can be easily done by operating the hand wheel,

4. Fhe manomerer connections ure checked, (the maneneter imnay be filled with watzr up o the

| l Prepared by- Prol 5.C. Hiswankar Prof B0, Sandlig HOLD- D5 K Biradar
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half level}.

The compressor is started and prossure is develops slowly.

Al the particular pressure, the outlel valve is opened slowdy and adjusied so diar e pressote
Is maintained consiant,

Take the all readings.

(Hreservalion table: -

. . Alr Energy
™ el Tank I.-*ur Adr sutlct =
pressur inlct | autfet :
atage | stage o Alr b i temper reading
dischar |diachar . imlel Oper | fEmper slure Manoneier Tim
deliver ature | atwre . )
5r Mo, RE ¥E v emper o “ of the | head inoneter | reywice
POESSLE | Presser . stare . Ar d lor
ressur imrernesn | imbenes: X
¢ (bar) | ¢ (hur) P cylingde 20 rev
e | I
(bar’} vler aler | R fSiec)
| I A T1 T2 T T4 h, by ¢
: |
2
3
Formulas wsed Tor volumelrie effeieocy: -
. . ¥
1. Volomewic effcioney - F:-c 10g
r
L.
Where,
¥ = Acal volume oF air compréssor. -
¥, = Theoretical volume of air. .

2. Actnal voleme of air comprassed al ETP{V )
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o =17, %A=, pH mises

Wiere.

¢y = Coctficient of diseharze of arifce
A= g of aritice [|n:b
I0= M aeed causing ow

hag,
= — 12LEl
lr'l. [ M I I::"I‘

=7l —hzpoen of waer

2 Actaal volume of air compressed ot M PV k-

ooty
T
Whers,
T = Ferrmak femesratn
T= = Actual renperature
w. Thenrctical volune af gir -
- . M
F=—wdd win—
. éal)
Whare,
O Diamewer of HE evlinder
l. = length ef ztroke
M. = KA el o pogstor

Formula used For isnthermal efficieney -

L. Iniake pressure (CAbsaluter P Bar): -
Il pressure (A Rsulule)  Almespheric prossure — Gauee pressure ¢lntahe)

k3

[nermediate pressure {&haelute] 1) -
Intermaliate pressore (Ahsalrg) = Atmosphioric pressure — Craupe pressums fntermediat|
30 Dellvery pressore CAbselute) ProeMar: -

3 i Preparcd by- Prof 5.0 HiswankayFeol B.C. Sindhe HON- e s K Bivadar
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Lelivery pressure (Absclure)  Atmosplieris pressure + i ge pressinne {delivers).
1. Compression raljg

& Firslstape compression ratio, ry, = (PP =
b, Second stage compression ratic, v; — (PyPg =
o Crverall compression rtin, 1 =Pyl
3. Index of compression
Compression follows pulviropic process,

PV =Py v
al
?lJ_Pz] v
L \E
|'|=

6. Work inpLl v compressar,

-

IedM] < 10 = [EHIO
W == -
* rx EART
Fadl = KMl
7. Acoal work done -

Wark dome poreyele in compressing air i dow pressuce (1P ¢ vlinder,

=1

W, =2 py li],» "TJ -

Work dene per cvele in cAmpressing anin high pressece |HPY Cyvlinder,

% '— _
F-il-"',‘,I = L i ]
Tom- ]l | £
Antudl work dome per cueele,
H‘ = ”...'.. |1-.| "__,_I, "-F"'-
8. Indicated power (TP
IF = Actual work done = N/ &0
fp 2
it

9. Tsothenmal Work (W)

i B
i-i-l-'.lu = 'P; i‘.--I [ Ing--r |:£]
i

A

4 | Prepared by- Prof 8.C. Hiswankar®rof B.C. Sandhn HOE- DrS K Biradar
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[0 Iswhermal Mower Lsotheninol wordk ~ B )

LI R ]"'.I
o mapoaer ———— v’
Gl
1. Tseahormal edrivicney (g0

M = Isothenmal power S Indicated power N~

12, FAD {Free A Celivery)

v

FAl = T e
4 Gal b

& | Feepared by- Prol 8 .C. Hiswankae Mot B.C, Sandhu | T T 5. K Hiradar
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Aim: - Study of Cogling lowers.

Tntroduediom:-

Power plantz, air conditioning systems snd some industriez prodoce 8 large quantiry of wasko in fc
torm of hot water In Lhe preseot seenaric, m most af the places, the water sopply is limied and
theemal polletion g also serious concetr, Thersfore. the wasts heat oo wiater must be rejected for
its reuze,

The cooling toveer is direct contect Eepe of heat exchenger. 1t is A semi enclosed, evaporative cooler
The water is sprayed thrwogh a cerwin height and an air coment passes over it Some water
evaporates and beal of cvaporation s exdmcted mom (wlbing waler and surmunding air, thus both

waler and air ooal.

Clasgification. -
Coaling lowers
[ - | 2
Matural draft {hyperholic) Pdechanical draft
| | |
|
oo Tl counter Mo {'ross Aow Zounter Flow

L Matural drafl enoling Lower:

A natural draft cooling tower is fall and hyperbolic in construction. I laoks like a larze chinnay snd

works a5 a ardinsry chimney. The chinney cfect is oreated by a hyparbolic prolile of the lower, As

wir comes in comiact of heated falling watsrn, air is heatcd, beoomcs lzhler and rises wp in e tower.

'he vl and heavier auisice air flls the vacant space creating an it fow, These towers do aot

require any exiemal power o induce the air, but their consmection cost i3 much morc than
e
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mechanical diati coaling tovwers, These are sunsrwcled frem ROC apd have base diameter mnaing
T3t M moand height betwesene T wo 1300n.

In the crass flaw sreanpernent, the water i@ spraved downward near the base ef the 1ower v a ]
rnieril. Air s induced radial ly wmward and flows in acrogs the woater

In the connter Mow aranzement s shoan mothe fig. Adrenters through 4 peripheral section an the
oo of the tewer and Blaws upveard hrough o descending water spray made from 2 soiable
Tneihi,

The Leat exchanger section in craxs and counter flow naiueal draft cooling wewers acoupizs o small
pention of the tover whie the remaining structure is wsed 0 pramate e chimney effect. These

owears Al anly suitable in desert regiens, where muvisture gomte it in e is very o

Fig  Mawral drell cross toaw cooling fover
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2. Mechunical vr indweed 1d-afy cooling fowers;-

These are indwced Jdiaft Coaling rowers. These are compuct in Sice with Jow heigh:. The air

ot hironph fhe Dooaer (3 created b tnduced fans. locared al the op of the 1onaer,

A imdueed dralt eounter Now couling tower s showa i Bz, The wapm water coming trom the

eamdenzer is plmped o the top the Tower and ju spraved inte the fir stream The Falling waler pisses

thrimagh a werizs of Baifles, s the water breaks into Flane dropfers o prnmoe evapation. | e

Alrnosperic air s dravain by an indwced fan Mewing upward. councer ta e directivm of the falling

water dropleis, Ax the two streams e rer, a srowsll tPACion of water stream CYAPIAISS IO (1451

wir and vouls the reinaining ftling waer, The cooled warer is callzcled & e hottom of the rower

and 15 pumped backed o the condenser, The mwoist air is dischireed tbom the 1ap uf the tawer Since

somme Nt ehe warrn warer is evaporated info the air stream, sn equivalent Jimaunt of muke-up vealer is

Added 10 the vrole.

Fiz - Ieduced drafi couling rower

Z)

Lo
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Lo It qomsizis of packed bed conting tower with o blower fan (o evcate § drafi.

2. A heater tank e heat the water, circubation pump W circolate the water ol croling lower

from inlet bt ond led pipe.

ol

The panel consists aof the pressuie gaupe and rata-meter for flow measorentent, an One
CHE switch and temperature indicator (o show emperalune an vacious poinl.
+. Waler from hor water wank ix colleeied wide the hetp of pomp in cooling wwer and @

dischurged oo withowr recire ulalion.

Lpecification of cooling tewer-

&r. Mu. Fart Name Specification

1 Type | FRF indueed drafl courter flow square shape

e 2 M. of cell Single ccll
3 CHraiticy = 1 scr i
4 Mmensions { LX W) W1 mim % 900 mm i
3 Height . —.'ZIT{HJ mm i

_lf'i I'an dismeigr i m hlades
7 Stati ]:lri:ssl.tre—_ )7 pa.
u AT quanticy 131 mirsec
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Auziliary Equipment
Y Fan twvpe ) [ Axial tlow
I Fan KEM ' S0 rpm
L Electric mutur AL square 2age warlical Flanged maunted vatendsql

threaded shalt type indwectiom mator with tially

enclcsed weather proofenclosore snd [P-55 deores

of protectivn and ' class insulaticn.

Mutor rating, . 1 1H /260 rpm 415 VY 50 B S 3 phass

Experimentu]l Frocedure:-

1.

7
.
1.

[4}

Fill the hor water in the wnk complz=tely and siart (he heater 1o get the tem peranees around $1
T 10 60 T whivh ity be achieved around within 1 hr

Stir the water at constant intervals o break the Ohn Rmmation ax son as we get desired
termperature then jrut of the heater.

Fully cpen the bypass valve ot the civenlation pump.

Addjwst the water Mow e desired with the help of rotasmeter amd allew Oie waler B enler in
the coaling wywear at the desired head.

Wail till steady stace is achigved.

Motz dowen the readings of vanious temperalure such as T1, T2, 73 T4, TS and To
lemperatute al varisus noints such as water inlzt - owrlet. b water tank temperaturs and
antbienl air ernpecalure.

Thi pressuis gadge shiows the maxinmem Jwad nf water supply b the pamp,

Mate donan the igmperarure readiogs at various intervals by changing the How rate.

Measore the dry hulh and wet b tempecature readings lo find the relative humidity.

Cmply the Lank by ppening the drpin valve as soon as sxperiment is completed.
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Experiment

s Water flow raic — varable
»  Healer power = Consiznt

. Hlower — fully opened

Olbseryal ion falile;-

Waper Movar

rate [1LFA}

Head

Airinlet dey | ClAnk) water | Waker ool | A cutler

[Tessure

ar. Mo, bulh inlgt temp. tem e, eI,
TN R A T A A R b

O o T

aan

Calcularinns:.

Feudimgs fior different flow ratg:-

I, Water flow rae _LFH.
[ TP = DHEZS Koo,

I"evetare,

Waler tlimw ratg = K.

2. Heater cupuanity — 1.5 K

Cuoling range AT — waler inlet TS — watgr outlet 16

i, Ly
= L
M

= R
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Q eal load=m Cp AT

wheare,

m= Mass of wakcr flow rale,

Cp = specific keat of water at conatant pressure,

Cp = KJ/ kg “C { value of Cp is given in heat and mass iransfer data book which ie constant )

O heat lvady= bow
= kw
Result: -
Sr. W, Watcr flow rale | Heat Inad {2} (kw) Cooling range {3}

(LPH)
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Al - Study of condensers
Description:-

) Faoction

Tiy.1:- Elements of a condensiog plant

In & steam power plant, the condenser plays a very impoartant thle. The majn fuesstion of a steam

comdenser are listed helow

. The condenser [owers the back pressure Al 1be turhine &xhawnst.
thraogh Lizher pressure ratio across the tutbing, I results imig

3] increase work dong per gvle

The zleam expands

b} improves thermal efficicney of the oyl

¢} reduced steam consumpiien.
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2. The condenser enahles the

recovery and reciredlation of purs feed water i the planl.
Thus,

i) the cosl ol water sofening plamt is reduced

b} it also saves the cost af tresh wakzr to he supplied 10 ihe boiler,
The coadenser cnables the removat of air and nan eondensable pases from steam. Thus
the heat Iransfer rate s improved and wbe gormosion is reduced.

kS

I} Types of eondenser

There are mamly rve Lypes of condenser

I. Jet Condenser
2. Burface Condenser

1. Jet Condanser

I Tet Condenser the exhaust and cooling water come in direct contaet and mix i
together. Thus, the final temperature of the condensate antt cooling water leaving the condenser
fs same. The cooling water is sprayed on the exhaust sleam 0 cause the rapid condensation,

Jel condenser is very simple in design and cheaper than the serface condanser.
uzed when cooling water is cheapiy and easly available. How
reused i the boiler, becowse
condenser are alse classified as

It can be
ever, the condenste canrl e
it conlains impurities [ke dust, oil, metal particles, etg. the jet

A Low level Jer Condenser - i) Counter Apw type
B. High leve| jet condenzer
. Ejeciur jet condenser

nj parallel flow type,
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A, Law fevel Counocer flow Jat Condonser.,

Fig 2:- Low level connter faw Jet vandenser

The schemaric diagrarn of lowe level Jet condenser is shownh in figure 2. Bxhaust seeanm i
supplied fram the bottom side of the condenser and it flos uprard while the conling Lhe
corling waler is supplied flom the lwp of the condensar. ‘The water flows diraeh eiard
throwgh 1he series of bufflcs or WEys, As steam comes in simact of the falling water. it

ets condensed, The wir cxtrovtion purn M. focated wt the top of the condenser, sucks the ajr

and any wncendensed vapour. The air Purep mainlains e enongl vaemm in the

cirndenser shell, cuusing the cooling water 1w Hiied up 1o 3 eight of 2.5 m a pump fur
wedlér supply 15 umly needed if it is 10 be lilied more than 2.3 m in height. The condenser
extraction pump at the bofom of the shell exiradie the liquid condensate and cooling
whhcr and discharges it 10 hot well. from where it may be fed to the boiler, if cooling

water suits i, The cxccss amount ol the condensate from there got well flows into the
coarling pond by @ overfln pipe.

el T

-
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E. Low level Pavallel Mow Jot Condenser.

Fig. 2 :- Low level Parallel flow Jet Condenser

In this type of condenscr, the exhiust and cooling water buth Flow in the same direction,
The steam uswailly entors Bom the bop of the condenser and the cooling water just below
it fiom the side as shown in figure, Other amatlgements are similar 10 counler flow jer
condenzer. The mixture of the condensate, coolant und air is extracted with the help ofa
wet alr pamp. These limit the vacuwm crezted in the condenser up lo 607 mm of He,
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C. Hiph kevel jet condenser.

Fig. 4 :- High level jet condenser
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The schematic of a high Jevel jer condenser is a5 showa in [feore. This condenser iy glzn
called ws haroumelric condenser. The condensar chall iz inestalled ar heighe greaer than thae
ataimospheric pressure in water column, ie. 1133 m g long tail pipe, mere than 104,33 m
height, is aached berween ihe Botlum of the condenser and the hul well, The pressure af
the bottom of the pie is cqual to tie atmaspheric pressure, while at its top in the
condeser shell, @ vacuum s maimained. [Tese allows the condensate and coclant top
fall fram ihe condenser under gravicy withau ARy ¢Xtraction pumge.

The covling witer is supplied by 5 water oirendatiun murmp. The warer enters fnom the wp
of condenser atd exhaust steam enters o the barttom of the condenser shell. The water
swemn is broken inio fing spray droplet by baffles. The air 1oleqsed from e strcam and
water Hows towands the top, where it is extmcted by air extraction pump.

Advantages of the High level jet condenser
a) [t requives less Aoor space
by It requires ondy circulatmg pump of low cApacity.
«) The Migh level jet condenzate falls due to the 2cion of fruvity,

Digndvantapes of the High level Jjel condensir
4] Dug 1o high level of the condenseor, lomg pipe lines are insaalled. Hence initial
cnsk iz Migh.
b1 It requires more Tiead racm with eas] ¥ SUPPOTL SIMICiure
¢] itk nolreadily accessible For maintenance
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D. Kjector condenser

Fig. 5 :- Ejector condenser

In this condenser, the tmomentum of te flowing water is used to remove the iy of
condensate and coolant from the condenser without the use of any extraction pump. The
schenatic of the ejector condenser s shown in fgure, The exhaost steam cnter the
condenser shell at side theaugh a non- reprn valve, the cooling water enters from the top
of condenser under & water head of 5 0 6 m amml passes over 3 scrigs of converging
nozzle and augins u high velocity at the tumc time, vacuum is created in the side gap of
the nozzle, drawing in the exhaus! steam throngh the: mincated divergent congs,
The mixing of sicam and waler capsed comdensation and hence the vacuum

firnther increases in the side of the novles, In the central passage, & water and condensatp

2els momentum, which forees the mixore of condensate und water and nir out of the
shell,
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2. Surfa¢e condepser

In the surfiace comdencer the exhaest stcamne and conl
cantact, rafher they are shifled by a heat ransfer wall, The e

swface of the tubes amt the cooling water flows throwgh the
1t mix witl the condensing steam, the sundensare FEMainG

It the beiler. The surface condenser are ¢lussifiad int; lwo g

ing water does not come physizal
KRalst steam passes aver the outer
mbes. Since the conting water does
pure and it vam be wigd as feed water

POy

-y, | A, Shell and wbe type
b F. Evaporative type,

A, Shell and tmbe 1ype

f i
g
\
7 A FIg. 6 ;= Sheli and tube ty e
Ii"
¢ , [n this condenzer, & larie Wumber of tubes are packed in shell, with their axjs parallel o the
@/x shell. The cooling waler flows inside the twbes, while e steam entars the shel] side and
(.l'

condenses over the fubes. The hatfles are Cummonly placed in the shell to force the steam 1o
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flow along path scross the shell and 0 intreesc e hest tramsfer rate wad (0 maintain the
Litifemm spacing hetwoen the tithes.

. Shelt and whe type surface condenzer can he clssified according v the number

ol shell and mube passes involved. A surfuce cendenser, in which water makes ope
LI turn in the water box, is onc shell rass and bwo iebe pass surfsce condenser s
shown in figare. Similady the surfaco condenzet that involves twe passes i1 Lhe
shell and four pazses in the hos is colled two shell pass and fonr tebe pags
condenser the surfice condenser required 1o Pumps ie wel air pump to remove
air pump and condensate and water pu Mp (e circulate the cooling water under the

pressure through Lhe fubes those are mrainly wsed in large power plants apd
chewiical indpstrees

The surfage condenser are classiffed aceondin E to direction of signm How

1. Down i
ir. Central flow
iii, Toverted flow

Doven flow surlace condensey

Fig. 7 :- Down Dow surface condeoser
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The sectional view of down fTew sufree condenser is shown in fiaume. The
exhavst stean enlers the top al the condenser shedl and tloses downward over the waler

fubes. The water tubes are doublo passed. Tle cold water fliras in the lower gide and

b the upper side in reverse dircctiun. It chables 1he traximui bheat {ransfor rate fior a
cundenser, The extracion pump connected ot he Eowam of the condenser dravwes the

condensale nut of the condenser.

The air pump extracls the air snd non condensable pazes from condenser. Tle
separuted Air under the baflles is covled 0 maximum extent. Due to cooling of air, Lhe

specific volame 15 reduced therefure; the power consumplion for pperation

reduged.

i Central flow surface condenser

Fig. 8 ;- Central flvw surface condenser

tor pump is

The sectional view of central fleny syrface comdenser (s shown i figure. The suction pipe
af air exiraction pomp is Tocated at e cenier of the comlenser wbes. Jhe sieam flowes

then
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capidly inwards. The condensate is callected al the botiom af the <hell fram where it i3
laken peut by the condensate extraction Puemp. The sicam meis access 1o ent-e periphcry

of b the lurge sueface area for heat ansfer s available as comparcd ta doam flow
condenser.

Lik. Inverted Mow sureluee condenger
The sweam enters the hortom of the shell and 3ir extraction pUMP is cothected at the top,

L Steam flows wpwards tiret and subsequenily, retum 1o the Botlom of the cordlenser the
. comdensate extraction pump is connected at the boftom of the shell &0 exircts the
conden sane.

. FExppoeralive condenser

I'ig. % ;- Evaporative conlenser

In this type ol conderser. the svapuration ol sume chaling warce provides cooling
eflect. thoreby steam conlenscs An <VAMIFAt e condenser i5 a5 shuwn in fieure. T'he
sleam 1o be condenses Ly by passed through the fine bt the calens weter 1% sproved
weer the vuter surfave of the bube. Cool drv air is also blown over e whe surface,
which causes the evaparation of 1hin fim of wiee over ghe whes, This evaparaticn

1
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cacls the waler and extracts latent heat from the steamn in the pipe. thus steain
condenzes. The water callected in the swmp is mixed with makeup water and 2pain
pumped for spray, The condensate is extracted with the help of wel pymp the air
passing over the tubes sarries moistore and it 5 drawn by a induced draft £ located
al the bop.

The cvaporative condenser is most available for small piant, wheres supply of cald

i waler is dimited. These are most poputar with refgeration condensing units and for
chemical equiprent.,

I Advantages

1.

e

7.

I
| 2.
; 3.
4

The sucface condenser lowers the back pressure of steatn of the farkine exit, arwd thus
allovws the expansion of sieam through a higher pressure rtion,

It has vacoum efficicney. and iz thus suitable for largs: power plant.

It used pure condensats which ean be re-cirenlated as feed waler i e boilor,

¥ince the condensate is mused, it saves the cost of sl water 1o be cmeulaned and the
cost of iy chemical trestment.

It requires low power input for air cxtraciion pump.

- Sinet the cooling water is indirect contact of steam, [ow quality covling water van be

uied in the condenser.
The eoaling of condensate can be cantralled by reculating the Mow of cooling water,

Disadvantages

Indirect eoqling takes place in the condenser and thus large cooling watcr is requined
Construction is complicated, requires higher installation cost

N requires costly maintenance and skilled workers

It requires large floor area

L Conclusinn; - We will be able to identily and distingnish the different types of
condensers,
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Aim: - Study of Boilers
Introducting:

A steam pencrator or boiler is a closed vestel, generslly made of steel, in which wuter i heated by
some source of heat produced by the vombustion of fuel {coal) and ulttmately pervrates sreqm,
The zteam produced wmay be supplied at lw prassure for iwlustrial pracess work in eoften mills,
sugar indusiries ete., and for producing li water which can he used for heating installations gt
ruch [ow pressure.

Steam: Slean iy the gas formed when water passes from the liquid to the gascous state. At the
molecutar level, this is when H20 malecnics manage to break free from the bonds (ie, hvdrogen

bonds} keeping them Together. Tn liquid water, H20 molecilos #re canstantly being joined topether
aud separated, As the water molecules are heatad, however, the bamds conneeting the malecyles

start breaking more rapidly than they can form. Evenwetiy, when encugly heat is supplied, some

taslectles will break free. These ‘fes' malecules form Hie trafsparent gas we know as steam or
mare specilically dry steam.

Classilication of Bailer
. Water lube bujler
2. Fire ube boiler .

Water-tube builer: 1t is a bailer in which the waler is present inside the tubes and the hat fue gases

sunound the tubes, Singe the waer is prezent inside the {ubes hence these boilers ure og
tube hoilers,

The various water tube bojlers arg the tollowing:
1} Babeock & Wilcox hoiler
2y Steriling boiler

F) Larnunt boiler

led whter

Prepared by- Prof 5.C. Hiswanka r/Prof B.C. Sandhu HOQ- DrS K. Hiradar




LABORATO)
CHH. SHAHU COLLEGE OF ENCINEERING, AUTRANGABAD RY

L e < | MANUAL |
FPRACTICAL EXPERIMENT INSTRUCTION SHEET

| EXFERIMENT TT1LF: Study of Biflers R

EEMRWEHT:MH:HAMEAL ENGINEEE NG LABORATORY (S MSYENGGMECH D LAK
1 ARORATORY MANUAL =

AR A
NCLCSMSSHNGGMECHTD | YEAR2024-25
| Class: Third Year | PART: 11 SUBTECT: Applied Thennodynaniics

' PAGT: ZOF 8

41 Loeffler hajler T
5} Benson bailer
i) Velox boiler

Firc-tube boiler: Tt is a boiler it which the hot flue guscs are present inside e tybes and the water

surmounds thesa tubey, As R is pregent inside the tubes, hence it iz called a fire tube boiler,
The various fire tibe boilers ape the following:

1} Simple vertical boiler

2y Cochran boiler

3) Lancashire hoiler

4) Locomotive bodler

3} Scoich marine

Cormsh boiler Specifications of simple vertival boiler: It s the sumplest form of a vertical oiler,
20d produces steam at low pressume amf in small quantides. [ this boiler, the heating surface s
composed of multiple small fize wibkcs, which are amanged verically,
this type of boiler is rormally 2500 kg per
comstruction of this type of boiler.

The steam gencrating rate of
hour with 2 presstre of about 7.4 bar W 0 Bar, The

Prepared Ly Prof s . Hiswankar/Prof B.C. Sandhu HOD- Gr.5.K Biradar
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Yertieal Boiler

Cotstnaction of @ simple vertical hober A bnef deseription of a simple verical Iwiler is s

Crlindrical shell: The shell is in a venticul rosition and artached ta the botug of the firehox, The

greater peclian ol e shell is Hiled with water which alzo surroends e Brehox, wherens the

remaiming purlion is Ihe seam space, The shel} cap [ about 125 meters in diarneter and ¥ megers

in height, Chimney: The climney is localed on the i portion af the beiler shell. 1 i enplived

Lo sack exhaust pases oo the enviromment, Maghale: The manhole s provided ut e tap al the

oilor shell, and iz ueed for PEPALr @] mainlenatce fom

the inside. Fumther, il fs waed for cleaning
the iner part of the hailer hel) and the

ter part ol the combustion chember as well as e

chimney, et The maiholo js mearly oval in chape (400300 wims i NIZC, Wihelsas he ofening af’

thic is closed by s cover known s A manhole dooe. Hand-hale, 11 s paovided in e horlze shell

nppasile the ends of vach erss b for cleaning the crass lube, Cross tubes: (hne or more cross

Frepared by- Prof 5.0 Hrwankar/Prof B.C. Sandhy HOD- Dr.5.K_Eiradar



[ aae | o [ LABORATO
o . CHH SHAHI! COLLEGE OF ENGINEERING, ARANGAEAD RY

), | MANUAL

| PRACTICAL EXFERIMENT INSTRUCT ION SHEET
| EXPERIMENT TITLE: Study of Boilers

DEPAK{MENT:MECHANICAL ENGINGERING | ABORATORY :(SMSS/INGOMECH/TD LAR
LARDRATORY MANUAL A e
NO:CEMSSIENGGMECIFTD Mk, S

Class: Third Year | PART: [ | SUBIECT: Appliad Thermodynamics PAGE: 4 (FF &

tabes are cither fanoed or tactened i the firehox in order ki cnhanee the heating surface and also
improve waber circulation. Combustion chamber: The tumace ur firehox is an mpeartant part of all
fypes uf hoilers, whece the comibustion of fue] 1akes place inrder o penerate hieat. Tt is alse knawn
a% the healing surface for a boiler, The heat that is penerated |5 transferred w the water inside e
boiler and produced steam. A refractory brick i used dnside O vombuztion chamber g order 1o
prevent heat losses, and also incrcased the eificienc ¥ of the boiler. Fire Box: It is 3 Lypre of bow in
which the hurming of sclid fuysl {mostly coald takes place inside the bosler. A graie i wElal |y made
of cast iron bars which are spaced aside so that the ajr can pazs through thein. 1 is o platform, m
the combustion chamber, apon which the fie] (coal} i bum. Ash pit. The main function of the
axh pit i o collect ash aller bum; ng the fct wiich is ), Working of simple vertival boiler whan
fuzl {coal) is placed in the firchas and blems then hot flue s 1% generated. Then these hol flue
kRses pass thraugh the ke tube (inside the Lubes] any Jreat the surrpunding water. When (he waler
is heated then it s consened intw satursled steam and stoced in e sremm ¢hamber, Further the
saturaled steam passes from the steam chamber o the super heater i1 order 10 burmn the water
vapour, present in the steam and bevome supcthented stenm goes 1o the staam turbite (o produce
Ihe electric power, Furthermore, wasie fue pases prduced duving e Fumity of fuel exit from
the furoacs (firebox} 1o the chibmmey, It provided gl reguirad mountingg as:

# Prassure pauge

¥ Water leve indiculor

¥ natery valve

#  Fusible plug

Rlow ol cock
#  Bream stop vaive
The follewing are the sdvantages of simple vertical hoiles

7 The inftial cost is low because of fewey parts

Frepared by- Prof 5.C, Hiswankar,/Prof B.C_ Sandhy HOD- Dr 5K, Biraday
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#  Maimenaree cost iz low
#* Working is simple
® Itigeasy to install and roplace
® It occuples hess space on the ground
IXyadvantages af simple vertica) baoiler
¥ The vertical design of this boiler limits jis wotk in many places
®  Sicam production is limired becawse of the limited ares of the botler shel],
¥ The impurities settle al the buttom and thus prevent the water from heating wp

The foliowing are the application of a simple vertical bojler:

#  Simple vertical boilers may have applications milway locomotives,
rallway stewm engine

for cxample, »

#  Simple vertical boilers are enployed in road vehicles such as stzam WAZONX 0T Steam lomy

¥ The simple vertical hoiler has & very well-known application which
I

13 8 S tragcior
The number of boats is particular] ¥ small which usc simple venical boilers to povice the
eTinE

2} Cochran Bailer:

Cothran builer is a maditied form of 2 simple vertical boiler where the heating suclace has
been exrended theough severa] methods, This is a fire wbe boiler uf a veritcal bype with
multiple: horizuntal fire tubes, The efficiency of this boiler is much hetter than that of »
simple vertical boiler. The Cochran bailer has an extemal ¢ylindrical shell and g firebox.
The shape of the shell and firehox s hemispherical and he hemispherical head of the hojler
provides masximuw space and strengih for withstanding the pressure buill up in the boiler,

Alzo, the hemispherical crown of the firebox iz helpfd tor resist intenge lrea,

Pieparad by- Brof 5.C. Hiswan kar/Prof B.C. Sandhuy HOE- Dr.5 K. Biradar
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A Priming
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Fusibla plisg
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Cochran hoiler
Construction and working: Cochnun boiter consists uFan exrepnal cy

LonsIrueton of the Cochran boller can he divided into threo
combustinon chamber,

lindrical shell. The
ars such ax firebox,
and steam spuce, The shell and fic b e buth hemisplierical shapes.
The hemispherice] crown of the boiler shell gives maxinuar space and strength 1o

withstznd the prassuce of sieam insjde the builer, The firehox is sz hemigpherical in shape

and i the advantape of resisting intense heat. Flue gases (low rom the fieehoy us

retractory material linked curnhustion chamber throwngh 3 flue pipe, These flue pazes flow

through Several simoke tubes. The ises frinn the smokshoy Pass 10 the atmospliers throagh

3 chimney, A manbols pear 1he kip ofthe coowm an the shet] s proitted for cleaning.

ALhe bowsm o 1he firebos, there js Zrais, angl 1ke coal is fod throngh the lire hale, I5 e

then ne praie is prvided, but |1 bottow of the Arebax 15 linked
with fire bricks, T also provided 1)) eequired mounlings as;

bailer is vsed for oil Gring,

Prepared by- Prof 5.0 Hlswarkar/Prof B.C. Sandfir
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r Prossuee paoge
= Wuter Jevel tndicator
= Safy valve
= Fusible plug
#  Blow off vock
F  Seum stop valve
# Fecd check volve
Thes boiler has the fotlwing important classification:
# T iy a vertical bailer
= Iis g muln-tule bejler

# [tbs a fire muhe bajler

W

Itz an intemally fired buoiler

# At 15 a dowe-pressure boijer

-

Itis q stationay hojler

L

It is u natwrally cireulated bod e

":’

12 a salid e lgui ‘uel-huming boiler

# Uy wf Cochran bojler The Cochran bailer was produced by Cochran & Cp. of

L usedd in manne practice, vither finel darect]v Iy gl
of Al diels or elee wsed 1o el tecivert Tromy toe o

Admun. Scothuel, 1 iy wide

Rzt ! Taree diesel eneines
The beiler is aeylindrical venical wacer doum with & hemispherical donted 1733
Babeoek and Wilecox bailer

Fabcock and Wilenw baiier iz o water tuba boaler with a Jarge evaporation FADALILY

o large-sized boiler, A model of e Babeock und Wileex botler,, [his jz o

Sy 1vpe water Tuba bviler, which consisis of 1ha water drum ar the wp. A

shart fube i connected 14 the water dnun with the kelp of g lplake hesder and

Pregared by Prof 5.0, Hiswankar/Prof B.C. fandhy HOD- D S, K. Biradar
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down header. A mod bos is provided with each down space headsc in cedey o

feimeve venwanted particles like the encnestation of =alts, miud, gic.,

Babeock and Wileox Bailer

It has three main pares:
LF Stesm arw? water dnun

1 Water tubesy

N Furmarse

Fropared by Prof 5. Hiswankar/Prof B.C. Sandhy HOD- Dr 5, K, Biradar
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Steum and water drym

Aosteam and waler druny is s leng dnum fabricaned using sraall shells riveted

gether. End cover plaies van he opened ac and when requiced The drom s

followed by water whes which are armanged below e drum and connected 1o and

drum thraugh headers. Blaw-off cowkc for hlewig out the sediments seltled in the
ioad bax. Super heater Wieles ure )< shown in amanpeinent. which e L' - shoped
tubes placed hovczvmtalls between drurm and water tebez. Below the SupeT heoler
and water 1bes is the fumace, g the front Hf which Lhe Jue] faed hoppe is atluched.
Bridge walls and baffies made of lire-resistant bricks are consrucied tar facililate
hot gases moving Wpraards froum the geate area and then dowms

s puk at the back of the tumace thry uph wh

Ards A smokobos
1wh smoke poes viag g chimney, A dumper
15 used for cegulating pressure differences CAUSINE 1he expulsion of ho!

]_!H.S-.‘E.
ey e
Samaem anc it
Pramarg Ty L/ wminr aeum — L, vakhm
A i
: . ARE D pigs  ——
Wintns lonsod .l‘ nikig b = o i
e - i . E EE: = =
Wollmpr il I .
bk At !r _'-
[ "o T ;.
EBE
&=
T
- —
[ o=

Line diagram of Babeock and Wilcox Hodler
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A Babcock and Wilcos boiler fitted with the fellowing meountings for sufe working
of the biler:

0 Pressure gange

L Water leve! indicutor
U Sofety valve

1 Fusible plug

L Rlow off cock

'1 Steam stop valve

L Feed chieek valve wi wking: Firsy, the water starts w) come i the water tubes fron
the drum theough the down-take heador The water present in the inclined warer
tubes gets heated up by the hot tlye gaves. The coul buring on the grate produoces
hot lue gases and it is Forced io MOve in 3 Zigzag way with the help of bafile platas.

As the ot flue gasey come in eontact with water wibes, jt exchanges the heat will;
waler and converts il into stean. The steam generated is moved upward and hrongh
the uptake header, it gete callected at the upper side of he boiler deum. An anli-
pritving pipe is provided in the Jdomm, This anti-priming pipe fillers the warer
contcit rom the sienm and allivws valy dry steam 1o enter the super heater, The
super heater receives waterfee stean from the auti-priming prpe. [t increases the
kemperature of the steam b the destred level and kransters it 1o the stcam stop valve,
The superheated steam from the stoam SO valve iz either collected in a steam dom
ot made to strike on the steam turhine for electricity generation.

Prepared by- Prof 5.0 Hiswankar/Prof B.C. Sandhy HOD- Dr 5. K. Biraday



| =11 LABORATO |
|_ CHH. SHAHY COLLEGE GF RNGINEERING, AURANGABAD RY

[ MANLIAL

FRACTICAL EXFERIMENT INSTRUCTION SHEET ]
| LXFERIMEN T TITLE: Stady of Bojlers
|

L ABORATORY (05 MSSENGGMECHAD LAE |
| YEAR:2024.25

| SUBJECT: Applied Thennodynamicy | PAGE: 11 OF 7 |

DEPARTMENT MFCHANICAL CNGINCERRG

LARDRATORY MAMU AL P
| N CSMESENGGMAECH D
| Class: Third Year | PART: I

This boiler i= farpe-siced and cannot be ity transparted from ope ol
uther, ILis a LTy

e Wy the
popitlar boiler 1o be gged i a THIWer Blalign.

This boiler has the following impactant classifiearian:
= It iz a hotismal hailer

#  hiza mualtf-tube bojier

# Teis o waler ke boiler

& Nizan externally Gred bojler

 Ttis astatiopary boiler

£ vis s namrally eiveudated boiler

~ 103 a enedivinshieh-pressure i jar
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Builer Mountings:

Builer roountings are 1 5ol of safely devices installed for tie safe aperation of a botler, There arc

SEVER MRt noundiogs on B boiler sheli; safely valve, sleam ST valve, vent valve,

Pressure wanae,
water level indicator, Feed check vulve, und fugih)e plug.

Boiler meuntings are a set of safci ¥ devices fred an a boler for o protection snd complote conm
of the steany peneration cyele,

Safety Valve

Sep Valve Air Purge Yalve
-ﬁ ~—— Presgyra Gauge
Water Level Yalya
Gauges
aourm Blenydown
Main Feed Yalve
Valve
Blowdown
Dip Pipa

gottom Slowd o
Walve

Mounilings which are gencrally ficted on y boiler

Steam stop valbve

It repulates the flow of steam from a boiler to a steam forbine thiroy

mtounted on the highest part of the hojler shell and performs the
stein rom a boiler a3 shown in Fig.

£l a pipe. This is Eencrally
Runction of regulating the flow of
1. Btewm stop valve E2terally has the main body of casr fron,
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valve, valve seal, DL, e, are ot brasz. 1 can by x5y operated [ rotanng the il wheel which
vausez the [ifting or loeeeriog af a spindle, thus CAUSING the opeming ur tlesing oF 3 valve, This

spindle pavses our of wlandy »wnd the stadiing bue that is fumed in e eaver al the ady.

f )

YOKE
STUD

AT T

SPINDLE
STEARM
VALVE OUTLET
VALVE SEAT ‘_/ -
FLAMGE *
ETEAM IMNLET
210P vapvE

Steam slap valve

13 Lever wafety valve
2. Deadweight safety valve
3. Spring-loaded salely valve

4. High steam and low waler sufety valve
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o oI~ ff - 1]

BaT

ETEAM IMLET

Lever Safety Valve

Bead weight safety vahve
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Lever
[ 8 Pin
thﬂ e Pivot
Valve seat
l-:"-i-rr-_' Valve
Spring
Link H j
' | Pin
]
Shackle L
Spring end
Valve che

Basg ——»

Spring-Loaded safery valve
Blow off Cock:

The blow-otl cock is fined st e [owest part of 9 boiler shel], Iz is used to remove for periodical

Cleanuig by discharging the water ang sediments that are collected at the baittom ol the hailec. [1
has a plug of the conica) shiupe, pot inrg the matieg c35ing ay shown jn Fig. The plug position ix

Alter=d for opeming and closing the flow, It alsa belps in regalating the zal, CONCENTEarin a5

eposiesl over a while, Further, ir is y=ad for
emprying the betler whenever it iz to be cleaned. The vising has twp flg

lrequent diaining helps in throwing ool the cult d

nEes fo whicl the Blow-

off cock is connectad 1o e boiler by one Nange and the othyr flange i connected 1o the ppe

canying the blow-off water vut from e boiler,
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Blow-OLf Cock

Feed Cheek Vyjver

[t i & nun-retm valve ar the end of the delivers pipe from the fecd watel jmp

and is placed on the bofler shel] slightly below the nomal wter ey, Tt s 4 chiegl
vilvg whose spenicg and elosing are repulied by the position of Hhe spindle. The

feed check valve permis a unidiregtional flaw of warer from the feed pump o he

bariter shell. Tt is used 1o feed aned control the Dow of water from the feosd prnip inlw

the bosler. While during the Wn-working of 3 feed pump e pressire in the hoaler

shell is more and sa the faed check valve 2ets closed.
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Hand whea|

Siuffing Spuindle
[T :
Cover
To
oiler
Check
Body

From faed punp

Feed Chegk ¥Vaulve
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