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sefcad aiex / e aroft

Unitl INDUSTRIAL WATER

fawg ARt (Course outcome):

Select suitable method of water softening for boiler feed water & process plants
"Hed (et (Theory learning outcome):

1.1 Differentiate Temporary & permanent hardness of different water sample.

1.2 Identify boiler problems for the given boiler feed water.
1.3 Explain softening process of water.

UrdTfa® (Introduction)
geficgd dfex (Industrial Water) oS fafdy  ufshdqd agR Usdd
ruft, (Process Water) $8Read wigumuar g7aitR - (Reuse of Waste water), gaiaR
Faedl UrugrEn f$wrst (Discharge of Reused water) 3nfor fafgsie arofl, =t
HRTS! arRuard JuR fafg aroft, i gonearst aruR goft, ST e
(Production) HRugraTa! ARTOMR aroft 31fdr SR 3 8fead S (Industrial
Application) I3t ArTUR grof 1
HTE AN & 3, (Food) HIIG, W@ (Chemicals), Rwgs Ueiferan
(Refined Petroleum) fdsar wryfiies 91q. (Primary Metal)  IRIRREAT 9 TR HRdld
T a1 JHTOITd UToft arTd
$sRead urwam wiae: (Benefits of Industrial Water)
1. BfeiT (Cooling): 3N TIoamET AR IUHRYY, AT (Equipments) ST
Ufhdl (Process) 48 HRUARIS!, 3ffadwral (High Temp) oo &
TS U T STl
2. QIHAWTS AT YOt IdTeA (Product) 30T SR & W YUarTa! aruRd S,
3. JdTe 3101 Uishar (Production & Process): UTd,(Metal) WIE®, HIUS, 31d
Il 30T S HTe! aNg Sdredn fafgy  gofie I sfor ufssan
HRUGTTS! ATURT STdl.
4. &l 3d1e (Energy Production): art=ar (Vapor) RfHdRE! dis uswedined
UTUT= 9TUR el ST, SATEl 9TUR eaisH (Turbine) ITAGUITITS! B,
5. YEHE 3fNfhar (Chemical Reaction): & IM@AM® I UfchaiT
fagraes fobar Sfifohdid (Reactant) TEUMH UTUATH IR dHl 3.
6. drgq® (Transportation): &=l Hrd,(Raw Material) XU 30T IdTEH,
a1 Urs it RedgR (Piping System) drgded HRURITA! AToft aTuRe SiTd.
7. TISUIUR Ufshar (Waste water Treatment): ieifiie iUl Y[ HRUARITA!
30T AieuTuaTdld Ug¥ed (Pollutents) FHH! HRUARITA! UTOR AToR ST,
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8. TOeRYT fATAUN (Environmental Pollution Control) : SdTe 3fa=gdndl gof
FRUTNTAT, S (Humidity) 3T aad= (Temperature)  IRIRSAT yafarofg
WY (Regulation) fAOH- ®RugmRITST UTof aTuRe ST,

9. 3 UfehdT (Food Process): 3 Ufdsdr ST YOI, THUTh B0l 4 H0! AT
U fSiTRId (Packaging) dTuRe ST,

10. PIUS: HIYS IYN HESR Idied, s (Colouring) 3o AR
(Finishing) aToRe ST,

11. BTG 30T BUS: HNIG O EUT IANMG UlediT, BUTS 30T AHahrRat
JUHU! AR ST,

12. BERGCHA HYhaaT (Pharmaceutical Manufacturing): 3y Ia@re,
e SRR (Cleanroom Operations) 30T SRR (Laboratory)
EELEEEISISESIGH

13. SUPHE 101 Fiydb™ e M Twamn aR didie Fid, me ufdman
3{1foT Tem AT (production of Glass) It gid.

14. Rt Acdord R Sfo1 USRI aRa S1d, $S IdTGA=l Udh Jgwdrl
YT 3Tg T,

15. RREM YU (Fire Resistant Technology): smitear ufawrerd sieifis
gfaeT 311 SHRATATST SOGRET YUITeiHed auRe Sild.

qTUgTe T

1. A\ Rew (Artificial Silk) : dToft W, dord! 0T TMIRE (Pb) Yoigo! e
31T STTOT STAUIT Ut THTUN &RYed Ucdh SRTdd.

2. HRS O UOR g AE (Iron), T, TGeSTN 30T w4 JHTONd Hio (lodine) Had
3914,

3. BFIE SN (Paper Industry): Uroft § 31, Meste U for wiig Snfor WS
(Mn) ORI G 3RT T1fgt.

4. W& & (Photographic Film) : groft g 31, a%0mR geref Sfor Urqurga
oK STd (S BT a1g, i (zn), FOTHHH).

5. T (Tanning): aToft 8 gdad (Iron) 3rTa 31 FIma &R Fftd St S,

6. A% dTequl: Uil § TM@IUR Jad 3RTd TUT I1d Uied Jad HIai-d GRS
(Carbonic Acid) 3Td.

qTugTeite [T (Impurities in water):

1. IR 3Rgar (Suspended matter):- S &1 RIGUMIC, forad, THuRi™
T, SfieNfie e, (Industrial Pollutents) dfed uerd 3. g/ award
Tgesuu, 3, 74 (Smell) FH01 813 2rawdl M1fOT I (Disease) 81 Jdhdld.

2. fauaadl sigl<ar (Dissolved matter):-

a. ag - Oz, CO,, Nox, H,S, SO, (fife uruarg favawsur)

b. WS &R - FIEHC, TAGEC, ethed 301 Ca, Mg, Na, K @ FRES
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3. PIaRsd LGl (Colloidal matter):- RIGUHIdR ST, RIS foRad, Horara
U, i uard (@i, gRam).
4. Sfd®  SRLEal  (Biological matter)- USURNG Geud, QeI
(Microorganism) ¥ &t Siar], sRRM (Fungi) <.
Hive uToft 9 g18 9ruft (Hard water and soft water):
1. ite groft (Soft Water) :- ST U001 HTSUITAT ZIGUIMH 98w By (Foam) fFHfor
BIdl T g Troft 31 WUrdTd.
fopar
S UT0gTHe HIUldg! Ca/Mg diee favuesd ATst ATell ite UTufl 311 UrdId.
2. gTs uruft (Hard Water):
ST UTUgTd JISUedT G190 Y (Foam)  dOR 81d Tal, U¥q Uie<T G&ll (White Curd)
IR Uerd TUR gl e gs  aTuf Iurdra.
fpar
faRuesad &R fdhdl Ca @ Mg 3rciedT UTugrel gTs aroft 31 WUrdId.
WA IERMHAA TS diexdl TR
1. SR §TS UTodTal a1 dhedTH AUl $Ueqy gid! d e 3aauul HIaser
ferag fouas (Points) SOTRST (Line) <dTd, St 3%l SR e fGudrd, Sma-
Hleed S HIUSAR SN USdld.
2. OB gTs Ul IR WEUTET B (Soap Foam) B AT, SISO
T3 oIl RIS il STIOT df 9T ST,
3. WU HRAM UIodrel Schad fog (Boiling Point) ST SiTdl A WqdUTd
HRUTMTS! S 3¢ (Fuel) 30T 9 ARTGT. SicgT 8T Uruft TauTeTaTa! amoRd Sird,
d&T Ca 3O Mg o IRISEMCH YIS 3t Rdiar dTaiFe BUH S| 8T
A SIRd HiedTdl TRY SO a=gdhd] 3R, W Hisaid sita-  (Life)
HH! BId.
4. 99 (Drinking) : TEHTIG & eRAH TaTde fheecad! a0l aled. I@d
ORI, T TR TAUS (Kidney) fdvar TaRmEATT ST gldTd S &S (Stone)
GRIRGIG
NP TR g1 afe=r uRoma:
1. TN (Cloth Industry): T8 UTUATH JTEUTET SRR HIT a7 STl HRUT
g1S TToft TiiTedT gulfel By TR &% Ydhd Tg!.
2. RIR IR (Sugar Industry): TRER SN Gelbe, (Sulfates) A¢cd  (Nitrates)
SATG! 3eie UToft AR AR I IhRuNd Sl Idrd.
3. PNIG AT HIeR@H  (Calcium) 30T HUR™A Alecd  (Magnesium) 8 SaR
IRfiaR 9 JGAREd REERM (Chemical Reaction) &% STTGMRT & 3d

30T THB GRUAT ITeddl.
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4. Tle: HUS YIS aToRedl SOl gTe UIiaies YUgraTé! aruRuard JuiRT

SRTET AT I STl .

5. Plhlc dUR HR0: FRISS  (Chlorides) 3T Tetbe 3 UToft, SR Hihie
FIIUIRITST TR R d e Riffe=an ifad geigdtar YR sdrd.

6. BHGcHd IAN: HHERGfedhd Ided (Pharmaceutical Products) T@R
HRUGTS! TS UT0dTal aTR Hed Hlal Y (Unusual) @G TR 81
Qb dId.

uTugTET 8T8 (Hardness of water):

T gTe -y IIeu By Juary ufass giay.

1. TR g8 (Temporary Hardness)

fe dicery sl FafRrr foRus e a@E e Sufydige arodrd famRid

BIUIRT BTe-Y 3{Tg . UT0T Sdhes o A dhal SIS, e,

C&(HCOg)z ----- >CaCO3 +H,0 + CO,

Mg(HCO3); ----- > Mg(OH), + 2 CO,
2. qH+e 81849 (Permanent Hardness):
ARS8, Hickad 301 TIRHH  Iid Tethed d IR oI UG SURIIHS
qTuaTd fasRid BI0MRT 81819 WUl UHHe ey, 8 udHe 8189 e ufgsd
Pl Tl Adl.
gfe 3w 81849 (Unit of Hardness):
1) 4T Ufd g=1aér (ppm) (Parts per Millions)
R) Foreiom wfa ferer (rifer,)
* {1ppm=1 mg/L} *
SR g yHHE 189 Adid BRe

CHRE BTS4 (Temporary Hardness) gHi-ic 8189 (Permanent Hardness)

T dfewmw ot TRmuem  fogen |7 dfevmm onfdr WoRmmen fagen wwiRiss e

T UBRAT T T SHSIVINRTAT 1T | a1 UBRE! 81819 I1eaT da dledll S Udbd !,
UfhAgR BIedl SIS Udhdl. WUH, 19 THRRT | U, A1d TRA< gre-9 3R,

HERREELS

? PEHCYS B, BUF PEHcele ™ UM | § 3R &RMS g, BUF AH-PEHC greig WU

3T ST, 3ffesEa S

707t Shes et SRS B89 g BIel. T ST Ugd, M- Uil vishar, shiefiemse ufehan
YIRS gt THAT 8T8 g1 HRUGITS! aTaRedT
EIGIG
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IR WIS Ut (Boiler Feed Water):
TR THHT :
1) UTSfHT 371fo1 WIfET (Priming and Foaming)
2) a5 HTfOT ¥hdl (Scale and Sludge)
3) dIee Uftsicade (Caustic Embrittlement)
4) SR 7isT (Boiler Corrosion)
1) uTsfERT o1 WIffT (Priming and Foaming):
UTSHIT (Priming):-
B T geAT 378 o1 SigeR=an 3iid Uil @U aH Shadd  (Boiled)  AMes
UTugTd 60 (Water Particle) arthued fiRyesdrd.
UTSHIN HRO:
o Hiadl YHIUNG faRgesaed (Dissolved) dfed da@we  (Oil) garufdt IufRyd,
TR UeTY 3,
o dIgaRd 3 qiys . (Faulty Boiler)
o IHIMYFH T, fhar T (Steam) ARTUNHED 3P T6-3dR.
WIfT (Foaming):-
UTugrA] gEHTTIaR By (Foam) fdhdl §8gs (Bubble) TR BIUATE! & Ul 3l Sit
goqul ed ATgd.
Y YUY HRU (Causes of Foam) :
o SRS UT0ATd HIUATG! U TGTiidl 3= THIIdT (Concentraction)
o 3fchall (Base), ad (Oil), =l W, faflky g dfew yerf snfor fcifsa o=
Tard g fafRry uerd %y Juar foRivd: Sfed SRIdTd.
urs T Srfor wifdiT ufdder (Prevention of Priming & Foaming):-

o SITER=T UTUTTd Y- UGTfe T S5 H! THTUITT ST,
o I UG UIda], SRd Siaer dre  (Load) 3T M @l dad
TI5,

3{& wIfthT Tee (Anti Foaming Agents) TTuaTd fiRyesr,
SIAeR ol (Sludge) sl 813 aTuReH.
o HH R[S (Impurities) SciedT UTUHAT ATOR HU! .
2) M arrﬁr Whd (Scale) fAfifh:
SIaeRAY, UUg Jad SiiYaq (Vaporizationygld S0 & aihded (Vapor)
FUaR gid. ol foRuesded Si[gadl  (Dissolved Impurities) Tt
(Concentration) diéd d Uil I gld. Vadl $& T W Ml Sral AT &Rt
3afe I@rg  (lonic Production)  f=dr fagTeddl SdTGTUET SR Bld 3101 d
SIgeR dtd fdiaR Saayu I hahd SiTd.
A) s (Sludge) :

o TUTRHL UG, T AT IRYS 3d&YUT (Layer) TOR 8.
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o JFIgARAN YT HITHL TR BldTd MO d5q A TMes] BT,

o 3T UGIYIGR TR BIATd Said! fAGTeTdT U UToaTie TRH UIvard STRd $d
3al., MgCO3, MgCl,, CaCl,, MgSQy, .
o ARRERM (Wire Brush) Igdl &g Qrdvdll.
& 99K ST die: (Disadvantages of Sludge)
o T § IWIdd WRIE aigd (Bad Conductor of heat) 3rdrd, AHS o I
e IWTl hlg! HRT 1T HTcddd.
o SR et (Scale) TUR T SIAaRAT HIEId 3re8¥es]  (Not work properly)
.
o et WAlId YGddl TR hed Dl Ul TS, Jdbval:
1) IR A WU (Soft) TTugrE aTiR B,
2) &1 813 (Blow Down) 3TIRRA dTell STHT Tl TS dhig .
B) ¥ d (scale):
o TS fEUilRre siaava sfrdia fiidiHr ug fadwear.
o 3TE BTSN (Hammer) Hede gl HIeUl Halul gid .
Wd daR gIUar HIRUI : (Reason of Scale Formation)
1) HfeRraw Sra®Taes faged (Dissociation):
Ca (HC03)2 --------- > C&COgl + H,O0+CO»
R - U3, YRS D! ST SIIeRA TR Bldl.)
3 aId SIgeRI, Ca (OH), TR T a CaCO; faRgseed {awid 344,
CaCOjz + H,O ——------ > Ca (OH)Z + COQT
2) CaSO. o fSUIfeT=I (Deposition):
o TUHM dTeed™ CaSO, = fagreddt HH! §ld.
o g 3Afd ATuciedT UrvaTd quive! SregeRid 38,
o I e IITARHE (High Pressure Boiler) &€ el (Hard Scale) Fififdh

Bid.
3) TIRRW &R gasIaRN:
I qF SIATRAE Mg &R SRS AIte Ihd 9t HiHdT gid .

MQCl; + 2HyO ——-emeev > Mg (OH)| + 2HCI

4) fafereT SufRyt: (Presence of Silica)
3Tl it g e S camg o feuTefie S99, o9 ffeidsed (silicates)
(CaSiO3 & MgSiOs), S d1geR fUTHAT Tl dTS[el ggqul fidhed. d H1a0 S 3.
Wa fAfifda die: (Disadvantages of Scale)
1) YT 399 (Loss of Fuel)
WAl WRIE dhefdefed! (Bad conductivity) g fae g-IwR (Heat Transfer) &
oA JHod HHT B!, IWid=al fRR Rasuridl (Steady Transfer of Heat) STRd

TRY B0} AP 3HTg WU ST ITIR dTed! .
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2) TAER FRI&raar 4 HRO1: (Safety of Boiler)
fRR Iwrdr Ravardt siegRfafe (Overheating)  3MaRAH 318, S SIUeRd HlfgTeT

SHUGAd O RA §dd. SIgeR &= fapdran RS sger 3= aid (High
Pressure) ¥g- HRUTN SRR a9l

3) rgavd! driear (Working Capacity) &+ gior:
Flew (valve) 3T de=RAL (Condenser) ¥hd AT e o 3fefae aid gidrd
TS STIR ot HIIeHTar B gl.
4) FPIETT YYPT;
A fOdR® S8 Whdl % (Crack) gidrd, aRom, digar arth< A g
SR a1 4o g, are SraeRel TWhie g b,
WW@W (Mehod t remoe scale):
o FiHHRN™S Ugd.(Mechanical & Chemical Method)
o THUR/ARR (Scraper/wire) SR TRAT JAYU! fadhedid Thd Hled SIdrd.
o YTd Yid (Thermal shock) &3 f3Ye Thd Hled SN,

e IRAR &N BB (Blow Down) TRIFGR Jquul fadedd Wbd dled
SIATA(TRAR &0 BIg TIhU),
o e ST HER W WA R DI S
CaCO; X d (scales) - 5-10% HCI

CaSO, ¥hd (scales) —- EDTA

3) BIfke® TRreade (Caustic Embrittlement):

STaeR Yaae f3ge T WhichraRd e (Crysteal Crack) TR IO ATl diked

UfReade TEurdTd.
o TITH YHRATSGR 1ol (Boiler Corrosion) 3iTg, St srger7dIe 3= sreapedf

UTUgTes BIdl.

=Y -ArsT Ufhad, (Soda Lime Process) Hfde Uoard @Tal TATONT Na,COs

3UGT RISl 3.

e ® NaCO; f&sulgr (Decompose) 8B NaOH 301 CO, 3d e

Na,COs+ H,O — 2NaOH + CO2?

o ® A O Fifesds Ul siaerAdha HuRen Hheud BT fHagR
(Capillary action) drgd.

o UTUYTE STy (Vaporization ) SR, favgesded (Dissolved) HIReH
IS YHIUT HH RS shhH S dled.

o Tl Bigd 3fehall SiueRaAT digded (Iron) Jifeay WIS (Sodium ferrate) &1
=UTd favaesd.

o et SiUeRd UTsicade (Embrittlement) S8 &1 o€ Siiscd, (Joints) Raca 3.
T YN G BId. SIS SiaeR Tt giar.
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Fe + NaOH — NayFeO,+ Hj

< wfade gl (Preventive Methods):

o TifeTH WiWhea (Sodium Phosphate) Tt sifidHa (Softening Agent)
TEU[ AR e,

o TTUATE pH Tl IRGH 3107 &R deiieur (Neutrilization) B,

o HUYNRY b JQUNIE <A (Tannin)fdbar faffiF(lignin) fdbar difeay
Fehe (sodium sulphate) 9TeH HIRCH GrsT SraurEt (Solvent) GEERT Tresdl
qd.

4) SfgeR el (Boiler Corrosion):
MRS (Chemical) fdbar sadcidbffida (Electrochemical) — 3ThHUMS
IR G Siaer Aedid yafarumgR BIUIRT &1 "SR ol WU Sfiesad
ST, 1S §10dTe G HRUT T8 UTS! UT0dTd foaRbascled SaRid Sl SHifoRroi.
Tiet ufase (Prevention of Rusting):
1. FETH Fewrse (Na SOs) fobar gragiar (NoH,) febar Hifsaw Tebprgs (Na,S) =t
U deiel THTU ST f[aRaesa SiITRTS HigH I,
2. gifAd SI-URHgR .(Mechanical Deaeration)
3. BT SRS aRUSTH.
qrof} Qe SHRugTedT Ufha=ar UGl (d+d, SiUST, HTd SATioT SffRe=r):
gAT-TIST ufehar : (Lime Soda Process)
fofg-greT ufchan & Uoht Beidh BRUGRATS! AToReR SR U e Heware Ugd 3.
awd  (Principal) - &1 Ufshamed UroaTer STSqun AT SROm=T 99 faRees =T eRi
reT 311 AT e 7 forRues = ueriiaed (s[aauiae) IS S Ui gid o
TEoIqul HefeiT IO MSTATGR Hlgd ST, Wb,
g1 Ufehdd, A% HRIGATAT UIoaTeR fYiRa JATond g1 Ca(OH), 3ffr et
Na,CO; Ufehar dreil SITd. Wiehar daex YUl HRUTMITST Q0% STRd THTON X8+ aioRe
SIS T, AT SHATIOT HIST Al B [ TATHT! SR
AT &1 - (Use of Lime)
I AR STSYUN, SR HAR™Y Sreuun, fiRgsad @ (Dissolved
Iron) 30T ST &R, faRuesdd CO, 3for H,S arg 311for urodrd rcie gad
WS URTS i crehd. ATatd SMNfehar JIsdTo 3ied .
AR HIeRIH 0T HARGH SSYUN Hlg cTh Ul

Ca(HCOg), + Ca(OH), — 2CaCO3 + 2H,0

Mg(HCOs3),; + 2Ca(OH), — 2CaCO3 + Mg(OH), + 2H,0
DHIOHGEU HURIY SSUUN g TIdhul

MgC'Z + C&(OH)z — Mg(OH)z + CaCl,

MgSO; + Ca(OH); — Mg (OH), + CaSO,
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faRuzdd dig S0 TARRY &R HI1gH TIHul

Alx(SO4)s + 3Ca(OH), — 2Al1 (OH); + 3CaSO,

FeSO, + Ca(OH), — Fe(OH), + CaSO,

2Fe(OH); + H,0 + 1/20, — 2Fe(OH)s
faeesdd CO, 31fO1 H,S wigH el

CO, + Ca(OH)z — CaCOsz + H,0O

H,S + Ca(OH)z — CaS +2H,0
od WS UR1E (Free Acid) ®TgH TIdhl

2HCI + Ca(OH)z — CaCl, + 2H,0

H,SO, + Ca(OH)z — (CaSOq4 + 2H,0
st ®1d - (Use of Soda)

IAGR Mg?*, Fe?*, A™, HCI 3ffor H,SO, PTg- TIdhdl, HieRad &R daR
TS UTUATd S hHieRIAH Suun Idl, fefarean urvarer ufshdr dedrges sy
DRI STSUUT SO AT UfehaT HRUATYA UTuaTd SACcl! BIaHd! B ek SISqul
TISTGR FIg Tl ST, TeHTTT Siffohar JIelerv oY SR,

CaCl, + Na2CO3; — CaCO; + 2NaCl
CaS0O, + Na2C0O3; — CaCO3 + Na,SO,4

gI-4rel Ufehdd (Lime Soda Process) WMHld 3&eiedn IS Sififehan
(Reaction) JU ¥ (Slow) 3radrd. M, TR gUR e [favia: CaCO; 3fon
Mg(OH)2] &1 3rEdrd 3Tfor diamd fd-Hqud s1aur (super Saturated Solution) daR
HUGTE! Uil 3d. Irar ko SR UieW (Pipes) Sffor drger @@ (Boiler
Tube) TR (AR STHT AR o ASHATd HTMUT TodTd. Uihddia a1 HHARdIEaR J1d
DHRUYTS] -

o YA 3107 gTUdTe S iyl (Chemical/water mixture)

o Tifcifosar guf HRugrdt O des ¢ul. (Time for Proper Process)

o Jihd IRPIA RBT HaTTewial (CatalystydraR for

o IR<! fhar NaAlO, IRt geryfar a1 ar.
ufsar(Process) - -GSl UishdT Wieitedl qUAMIER d¥id 3= dIUHMId gl TP
T, JIeT TUHMIER Tom=aT Uihddr 48 gA1-AIel (diee argd-aren) (Cold Lime
Soda)wferar urard Sfir Q¥-Q00 °C AMIHMTA TRA IHI-el (Blc aRA-aien) (Hot
Lime Soda) Wishar Urdra.
48 gAT-IIsT ufehar (Cold Lime Soda Process) - a1 Ugdld, §dd HRIGAR UTOi
Wrefiear quATTeR MU THTod AT 3o WSt aToRe ufehar det ST,
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T R, GHH b (Aluminium Sulfate), Tifead e sAG! IREAT
HIgiced! (Coagulants) dTST=R AET ST et I,

DHIAcC Ufhdd TR el IRI% [AURTIedT SauTdl TellRicic 810ary Had Bd.
feay Fgfire uuamed SR RiferT ST ad S CTh oy ¢l Had B,
U5d (Method)- 3307 IBTHR Tl STaid davAed Uoard figor, g1 3o WieT
i HiSTeral THTOT SATFOT 2TSaT THTONd S fod S (R 1).

deRl Th IHT fHUIRT MR UM el Sl WS 3% USd Edd Wulhe
SR ¢ged WId T Sieedl IORAEe UM (Proper mixing  of
Chemical/water) Idd fgaTd @,

- Filtered
soflened water

AR
RN
AR

|

AR

Inner chamber

A

Ferrrrneren|

PR frrnl

(ARRERRIIRRRR

Sedimented
sledge

A AT (Chemical Reaction) g&drd SHTfOT STEUuUT 0T RO &R
T favues = ueruiae = aidivd giard (Transform) S ST1S e IAT = Td STHT §IdTd.
SIS b dhelal OTUt STgId Iuiad dekAed  (Coaxial Chamber) dOigRd, d
R R argd Sl dipe-BrRIR fiheexgR fheer &l Sd 3101 Rl amal
Ryclexaa YR UaM daedn sr@ededyd (Outlet) STeR ®Tad ST,

S M@ STeNd daval deslRN fRRR gl HTfr 3T3ccicgR dTgR dladl Sirdl. al
UfehA e s urm=aT geiaR uruaTd AR Yo-o UTUITd (PPM) T S{dRIN S8 TUIT 3.
TRH gAT-ArsT ufshar (Hot Lime Soda Process)- dT Ufshdd, UUAER {¥-200 °C
AT IR Ufbar bail Siid. Ufhal g Sdhad [dgam (Melting Point)
Sdes 3eied dYHTId dail Siid e, U Sidg  (Fast Reaction)  gld S1for
Ufch A gcioh HRUTTHT &l 3 TSI dTad.

1 AYETI, UTogTe RavedT Wieti=ar auaHEUET Wod Bl 3&d. B, Sl
UhAIHRUMET &R dled! IO HIUIds! DHIcc SISUarE TR 4d. fRiam, forgesdd arg.
ST Uik dTaHTTd 1! FHTON §Tex Sdrd..
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UGd - i A0 U AHg TRA gAH1-91e] aToft 8 HRUMRT 3l GRifaa 31Tg,
ITd qATAY 318
o TH Ufchdr a1t (Process Tank)
o % Yhal R U (Conical Tank)
o dTe fiheex (sand Filter)

tank

Coarse sand .
layer

Sedimentation

tank Gravels layer

Precipitated
sludge

R R : TR e ufshan

e goft o= UfohdT Tt A8l Ted o, for) @ HiSTeled THT0IG IEANIE
qufgul frgese iTd Snifor sifd dadear ab (High Temperature Heat)  S<iford dal
STd. Ufsbar glard 0T Uroft geidh gld. B3> UTolt HaR ST UTHATd WaRl ’d oY T
fRR g4l

galdb ad arofl UETd @R Ad, IR Sadifs-re dari faden siacdegi Mo
STeR Hledl Sl HaR gadb dbad Ut a2 fheekaed Ad STd. a1d UrodNite M
quivul FIg- crhudr | gid.

1 ufohdqH s um=ar garern urodrd 15-30 ppm YTdiTaEs a1 3=y SI oIt Sil..

2 frenerse ufspam (Zeolite Process) : fsiaRey A9fieaRkar g@sce difead
iAoy Rede 3mgd. (Na0. Al,Os. XSiO; szo S x=3dR0and MMy =y =
R d & 3Mgd.) fSefiaged T U REfee BWUH sfewd od. Ridfes [Nafldge
(Synthetic Zeolite) 3 Na-Ze §R ST WA, NaxZe AL JqU0l R T STH ST
qTogTHe 3RTcIedT Ca?* 31T Mg?* ST seidl 3ffgd. "Nl forefiaged (Natural
Zeolite) A AT,

Riafesw forenargey Afwss Sfor Siefiel TamT 3iied. d I &, BeewWR (China
Clay Feldspar)3fifor GIsT 3@ Teha TRH & dgR d WA, § freiiagey Fafiie
forefiemgeaen ufa gfe aomm I= fafua e srad smea.

Filtered softened
water
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gfebar - a1 ufshdd, ATy fSrsiarge (Na,Ze) =1 UG ST ol UR ol ST,
S8 UvaE (Ca2t,Mg?t) AT gt HurReRar fsfidse deued Tifsaw ma-i-t
Faad! 3T (R 3). FT8R SIUT=AT gaadT UTuaTd thad HifsaH T SRIdTd.

Na,Ze + Ca(HC03)2 — CaZe + 2NaHCO3;
NayZe + Mg(HCO3), — MgZe + 2NaHCOs3
Na,Ze + CaCl, — CaZe + 2NaCl

NaxZe + MgCl, — MgZe + 2NaCl

Na,Ze + CaSO, — CaZe + NaySO4

Na,Ze + MgSO4 — MgZe + Na,SO4

Sodium zeolit

CaZe + 2NaCl — Na,Ze + CaCl,
MgZe + 2NaCl — NayZe + MgCl;
Exhausted Regenerated
Zeolite Zeolite
gAfATuT (Regeneration)- SdaT gI0aT=T WihdHaR, frsfiage o quigol Hiekrad
30T HORAH fYeiiAgensd T aidikd gid 301 d IgpTd Ud. I THHTER SIS UT0i GRA3T
dq &l Srdl 3IfOT 0% ST (NaCl) ST UishdT dve- (ithy o fyrsiiage s
5T Tfohd &l STl
3.3(Ta TagdS "fehar : (lon Exchange Process) a1 Ugdid S TaTgol fog
AR STdTd, 7 Ufshdd Ca?t, Mg?* IR®@ Cations 30T Anions R CI-, SO2 S
SSUUINTST SEeGR I o 3fIhd cations TRTHS o8 0T anions TaRTdS
IRFER (exchange Resins) ®Ted SITdT.
3T TRTES o T faRgesumR (srga=ia), ®ra-fie sad, Je7 fosged
IREGE did IRt RIS aiferR (Organic polymer) 3iTed. IRIeiT Siedd
HATHD T T RIS OS] STATaR Ted.
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Cations oS IS (RH+) - 3T GhaRMd I (-COOH, SOH) 3
T fear H* 3Tt ST UTudaT=AT cations W@ GaTuruau] S UaRT e SR
3GTEX: (i) GehHc S PicaT.
(i) GehIHc s UlfeiRA.
R-SOH; R-COOH = RH,
Anions TaTSl IS (ROH") - 3aR! SrItd® T (-NHy, -OH) sr&eid IS &
OH- 3T SIS UTUTT=AT SRTRN GaTurearu] SRUgM T&H SRIdTd.
3aTER: (i) P 1Y-feids SHIeR] SHITH Taur,
(ii) GRAT- B[S eSS oy
R-NR;OH ; R-OH ; R-NH, = R(OH),
Ufehdr - SIS arofl WU cations THRIAS DIy (R ¥) S1d, S S8 U10g1d SUfRyd
3 Ca?*, Mg?*, Na*, K* gdret 9d cations R o,

2RH* + CaCl, — R,Ca + 2HCI
2RH+ + MgSO4 — RzMg + H,SO,

RH+ + NaCl — RNa + HCI
Raw —»
walter |
"CE R
mGofyepordedin Cation
o o e e i 41 exchang
Acid for =it o gé:iéé ."\-lkilll-livl
regenceration :::f: ---- 3 === regeneration
L v — 5 Dciomsed

walter

3 ¥ 3 TR Ufhan

=R Cations gad aroft ThT Anions TRTHS DHIGHEY STd, S UT0aTd JURT Sraed
Cl-, SO, 3TE! ¥d 3T Y U,

2ROH- + 2HCI — 2RCI + 2H,0
2ROH- + H,S0O, — R,SO, + 2H,0

3R UHR 31 TdIdeRAYA (lon Exchanger) STex IR TTuft Cations 0T Anions
GGIUNE god 3Mg. & UUl o Wi fhar SlsmMRs fhar SiftRdss

(Diminiralisied) dfer B 3Nedd Sld.
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YAATOT (Regeneration)- SI&T cations Taesl diad (fehd gal daet af dil. HCI

fdar dil. H,SO4 d Teg=H U e Grgl fehd el ST,

R,Ca + 2HC1 — 2RH* + CaCl,
RMg + H,SO, — 2RH" + MgSO4
RNa + HCl — RH" + NaCl

Sl Anions TRTES diad fAfssa gidl, dgT df dil. NaOH TR U e Gl
Hiehd ol S,

2RC1+ 2NaOH — 2ROH" + 2NacCl

R2SO4 + 2NaOH— 2ROH™ + Na,SO4

4R SfenR ufesar (Reverse Osmosis Process): SIGUIAT STS[dR SIkd GTd
(High Pressure) &3 STa0 IR fareet! (HsiH) (Semipermeable Membrane)
SR Y f[agrards (Pure Solvent) SITuaraT Ufshaar Regd IR WU,

Yy SifEIf  (Reverse Osmosis) & T f3reell SUIR (HsiH) Ufshar 3img Sit
YA UTugTd faR s UIR faged diTes dHRugTa! aTuRel! S,

Yy SR (Reverse Osmosis) g fUTarer uruarer Yeiaromamd! (Water
Purification) aToRUARITS! Hald SIRA 3fiesad T, IRV UTugrem XUHYT (Atom)
T3 301 SR FiSUTul (waste water) PHIg- IHUaT=T dadid.

Y@y SR @ (Reverse Osmoosis Principle)

awd (Principle) - TSEm=l @sH) (Membrane) IURGHS, FEUTE HIS 0]
(Molecule) IT 3HIelig Jhd ATl TN o ST STolal Agdld. gERlbs, T U]
(Pure atoms) fSIeeiiqH SITUAT IRATHT 3178,

31 TR SIUIM YU UHT STS[Q bisd 51 ANTAT ok USTH! GER] a9 UTde
YISHITd, Siegl Wiecae Uabriar Afgde=n (Solvent Concentraction Gradient) fa&g
USHYH Sl dagl 3de ARAIRNY (Reverse Osmosis) 8ld. § GoTd 3 ThTIAURTA
$H Tddds Sd. (High Concentration to Low concentration)
ufepar (Process)- SifEIfie® URR WUN YURTE fieeliqd (Semi Permeable
Membrane) fagred (Solvent) UdTg YiSquarrdl SHa=dd 3R¥adl (Least Pressure)
b a a4, WU, ST SIUMH! §19] (ST SIS SI4UMTEl ThTIdT (Concentration) SR
3d dl 919)) T SIETUET SR e 3 3¥d, AT S1aurmea dTofd fagrad
S JIURT TSGR AT YSd Sard o fIg1ed Temiar S sd. SifoRm
freetigR (Semipermeable membrane) 311 3Ide gTedTeTe K@y IR U
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Applied pressure Pure water

Semi-permeable
membrane

Water flow

fomr « : Regd ST ufehar (Reverse Osmosis Process)

§ T8I YU TEard 31T &1 Rgd SR Uithar G STuaRie SiegR=a STofel A,
CNNIRCTIES (Pressure) JIICH SIETUET SR Ul 3TaRTH 3118, AHWIcd URR Th
GRS TOTHH 3178, ST ST UdTdaR faced 3ral. aroft giexomd, Regsd
TR Ufshar WU HE@! 3. 3% aTRd SUIR 3Hd dlex YRBRR Yol
Ufchdd Regd SiIeRed iR ST,
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qT% 3TfOT AT fed fefdr yomadt

Unit 11 STEAM AND NON-STEAM HEATING SYSTEM

fawg fArea=it (Course outcome):

Identify Steam generators & non steam heating systems for Chemical industries.

e furft (Theory learning outcome):

2.1 Explain properties & uses of steam in Chemical industries.

2.2 Classify steam generators.

2.3 Explain construction, working of Lancashire boiler, B & W boiler.
2.4 State functions of Boiler mountings and accessories.

2.5 Implement boiler act in given industries.

2.6 Explain construction & working of Thermic fluid heater.

2.7 State properties of Thermic fluid heater.

2.1 URdTfd® (Introduction):

YT AT AR 9% (Steam) TEUIATd, ST UT0ATAT Shos e daR gld.
qrolt Ided AT AT AU dled ST d atha ufkafad (Transform)gid. a%
&l 3[S 9 HRe! (Dry & Pure) 3/d ol &t 3exg (Invisible) 3/™d. 3ieifie
(Industrial) 01 TRl &1 aTthaT AR fafdy SRUMETST det Sl

arha afired weuret o uRyuf arfE (Perfect gases)aw uresd gt diada <t
quittl ®Ret (Dry) 81 6L AF, Siegl a% 3HfU$ aude! S degl of guRfges
(Superheated) aT% BId, STt URYul IFgURE arTd. arthar araR fafay shenfire ufsan,
I IR, =gl ST IR 3 HRUMNAIST T Sl
2.1.1 9% aTuR (Steam Uses):

dIhd dIIR 3 3fTgd 30T fafdy IS d 3dd Hgwra TS SIdld. HTa)

T AR A0 [GUHT T8 d:

1. ol 3@ (Power Generation): aMhdl AR TEAd: Aol AR BT
ST, AT ATUR e cdie AIeae Sdld, ST diel daR gld.

2. Idred "fspar (Manufacturing Process): fafdy Idigdaed, S & H10s,
3AUfHT, BTG, IS IUNT ST IS TN dTiR BT ST,

3. dquE AT (Temperature Control): Tt aioR AMqH FERT HRuaRITS
&1 Sidl, faRvd: I Uihaiardt ¥ @ IWdl SUAR (Heat treatment)
30T BHICTUATRIh Uichar (Sterilization).

4, Wsgdr 9 fAsigq@idur (Cleaning and Sterilization): 3WIed, @& Ui
I, A0TSR FSHIUTt Tawsdn 3O S [BRUMATST Tt TR T ST,
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5. dqHTE fEE0T I5om (Heating Systems): @R, SHRA 30T STRTHE SWIdT
QRAVITST dThdl dT0R BT Sl

6. dreq® (Transportation): QfdgTRidesed], ahdl dIR ed, Sglel 310l Fav
Jrede YA S5 SIS (Run Engine) T SITd BIdl.

7. MA@ 9fpar (Chemical Processes): ®Ta! JA™ME UichaiHed arthdT aluR
IOIH®  SfHfGOT aTeauarTal (Rate of reaction) fdhdl Idled dvdM
PRUGMTST BT SITcll.

2.1.2 Uogrgd RR @l 9w Iafaa giw (Formation of Steam at a

Constant Pressure from Water):

A PEoy
AT e
A sheated
Cyl‘f‘(b{. Weights ;r/{'{{h ,5 \;  steam Y
A  Wet 4] stoam{| v, =
Pison—7727 [ Sk, I U2 8 {33
> Water - Bhigalt I" = Waler - T -
(a) (&) (€) (d) (e)
Fig 2.1.1: UTUTA RR GIERATS d1th Ifd giol
Fig 2.1.1 (a) A& qradoeaHn fied-fRifder (Piston Cylinder) <ga®d 0°
Afod 1 feeum uol og 3 TEid R fUked (Piston) $f1for as= (Weight),

ffdewed fRR 19 (Constant Pressure) SIIH $adid. SR 30T fRfdsaed s
IUYTST TRA $ dR d WIS TSYHT aThd FTUdRd 8.

1.

AT dTgedTar OrogrEl SiId- (Volume) 418 dled, 39 Fig 2.1.1 (b) A
RIS 3. § [URee! YIed &R §6de 3 Iies s (Work) B1se.
gl g1 gdddierel  (fhar srfel) ¥d USRS UMNTS!
(Calculations) TTHI=Id: GO fard o ST,

MURAT TRA S, dgH Ihavara fig (Boiling Point) wid dighad.
YT TR 16 1.013 SR (bar) SR U0GRT IBaUaET fig 100°C
3Tg, JUT G1d dTgedTer i died!.

IHBUE fdg MR, dqar fRR g4 3for aroft srefieed (Evaporate)
Bld, A U1 RR qErA f[dvs R ghod. uRuml, arthd faflkiy
A dled, S Fig 2.1.1 (c) I GRIJS 3Mg. T TWHTER, arhaed Hlgl
UTUar U7 (water particles) TRUSE 3dI®, U AToT $NGIR d1h (Wet
Steam) WUIATd. 81 UfshdT AT = 61 Sudd Fd UTult SIoER aibAe
AR gid ATel.
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3. 3MURE TRY AR, TWUSS 3O U0 HUI ahbHE FAARd gidie.
3 ARG YUl aThaT DIRe! (Dry) fdhar Tqud (Saturated) aTh WU,
S Fig 2.1.1 (d) A& qrREA0 T8 HRe! A% YUl 719 (Perfect Gas) IR™
qeid.

4. SURG! TRA HeUTaR, dThdl d9HM dled. SR HaRde dhel JuReIcs

(Superheated) I U, SN Fig 2.1.1 () Y TRIAS 3HTe.
2.1.3 9% Ic4fAd gogreT Ufhdd arhd dT9dT (Temperature) fa%g $© IWrdr
(Total Heat) UT®h:

A YAl Ufhdl, Wel e d99d 9o og, of Th AHhAR
gfafAfdd(Represented) ot SRS 2Idhd, ST AHNTGR (abscissa) $& IWIdT (Total
Heat) c=ifa@} Sma onfdr IgM (Vertical ordinate) THTOM dmoH (Temperature)
2affA@T STa. Fig 2.1.2 A fdg A umoar uRfies fReh (initial condition) 0°C &R
azfadl, 3N g9 P @R) 3/d. ABCD T, B W gamredl 9% (Specific Pressure)
e 3oft IwTd Aef® T (relation) g=fad.

- Cutical point
N M

{

i - mie e -

eSS
2 /
— 2

G

Superhealed
region
' "D

¢ { 8 P c

-~ - S ) !
‘ Waler-steam region :
iP - Q; i R

A el — —
-—Js H L—— LH o Vaponsatnon—-—l HS L—

Fig 2.1.2: A% IdfAd SIUarAT Ufdhdd d1thd diqd= (Temperature) fovg $@ IWrd
(Total Heat) UTth
gREICS (Superheated) arwrear fRftfdiear cxwam, urvgrenr Wiz dide urRE
U &1 WSS < JHIUTd dTURS! ST,
1. AB Bl UTUUT®T IHeUaTAl dIYHMIII fdhal IR=M (Saturation) dTaHMTIAd
(t) "o U eziad. UTaE dTIRGG! IWIT B 3 AP SIS IR, [T
AfRYee IWrar (Sensible Heat) fdbar g0 IWrdl (Liquid heat) fdbar qroard oo
JWTaT (Total Heat) 3 UG,
2. ST G R BC gR GifAo 1 3. a1 Ufthdd aTRoe! SWIAT PQ 37,
STST A a1 Whie 3WidT (Latent heat of vaporization) TUTdTd.
3. gl ufthar g cD A T2ifdd! 3ie. a1 Ufshdd aTRe®! W QR 3Tg, SATGT
JIREIC IWTAT U, AR I YRGS BT $& FWIAT GRIAd.
SR Q1§ dIedo SId (p1), IR SHUIMEI dYAa! dled. fig E, p1 SETR IHUT]
fohar Tqw auEE g=ifadr (Boiling Temperature or Saturated Temperature) 3Ifor F
IHEG dqu arthdr (Dry Saturated Steam) g azifadl. FG g YWReics arbal

— Temperalure —e
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fRR @ ufhar (constant pressure process) @ifad. A, B, E, K THION Toen fagasd

SR S189eT dgud d o184 (Saturated Liquid Line) T8UArd, Sarded arof {ifor
%= AT (Boundary line) UfafSd ot 3ie. ¥4, L, F, C UHI0N SUIRYT Ual 31
q arhaAT (Dry Saturated Steam)®Ted UMM, SUHE 3oWR S0 JWRigcs
qrth=gT FHAT (Boundary line) UiAf§d ST 3. Fig 2.1.2 H& qRAAd Sd &1, &d
(Pressure) 3uft Tqw Ao (Saturated Temperature) dledl, dith ¥hic Il
(Latent heat of vaporization) %! Bid. WY &d 301 g A arth<Al (Dry saturated
steam) @13 Tetd (Merge) BidTd (N), TR dTh Thic IWTdT 2L Bld.

1 fig N @1 "ufed fdg (Critical point) TUdId 3101 &7 fdgar, o0 3o ary
Jafed gidrd, 3101 Ude eVd I UTHIRE! S+ dId.
2.1.4 AT AeH Ag@n:

1. i®TR aI% (Wet Steam) : S1Y arhHed 3Msal (Moisture) fdsar arogre
HUI (Water particles) 3RIdTd, TTST 3GIR A RUTard. arm 31 3R/ 3me
! UToGTET evaporation JUiUU WU ST ATg! d YUYl 3€3g IWIdT (Latent
heat) Tefidd (Absorb) TSt ATal.

2. ®Rel AqW aI% (Dry Saturated Steam): Sl SNGWR a0 1A

3. JUREIRS dIW (Superheated Steam): ®Re! AJW dTh- Td I
wefigd (Absorb) FaT 318 SHIMOT WUl 719 FHFYY! (Perfect Gas) ddd. &&
Tdar RR U, RIS arh! 3Rl ®legd dled. TuNS o
NGNS U fholuy 3= Jgu dithdl By U fhord grfges
qhaT IegHTUET (More than Volume) fdhdl TR SR 3178, dRdidd
TG, YURGBICS alh [HHIUT HRUGMNTS! ovTavTed] SUHBRUNET SUTRT HoT
ST, STeT YR gex (Superheater) TOMT.

4. MY W1 (Dryness Fraction) fdrar sfiewar arbdt Torasr (Quality
of Wet Steam): 8 dRdide HRe! dithredl HRTAT f4ard (Mass of actual
dry steam) 3ilg, SUMET GIR ATHIAT FHM YHOMAT HRTAT (Mass of
same quantity of wet steam) S{IUTdTAT 31T, 8T AMHTIG: x o GRIAST ST,

mg mg

mg+mf T m

mg = HRe! dAhAT YR (Mass of actual dry steam)

mf = SUIHAL YUgr YR (Mass of water in suspension)
m = 3G arhdl YR (Mass of wet steam)

DHRS! AThDRId] SR WhaRT0N 8T 1 (x=1)3al 3110t mf= 0
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1. grogre ARES IWET (Sensible heat of water): RR g& AT 1
fHoIUH UUATgR WIS Ui IR d1% daR SIoaTaiarad] drad=Tadd Sit
JUTdT WIEHd Dot Sld ITeT Ygrt AR IWTdT Tordld.

2. STSOATET 3Udhe ICHT (Latent Heat of vaporization): diUHM d qld @R
AT 1 kg Ul A=Al SbheDIaR (Boiling point), aRI3Ea®d FUiaid
gld A Y80 hoedl IS Saredl Tl 3f%dhe IS WUrdrd. &l
TR hf g = GAGST ST,

3. gTdt EYuf Iwrar fdhar TRIfAr (Total heat of steam or Enthalpy): &
IUIAT U, WIS Uige (Freezing Point) TR dT% dOR GIUaTdhIdTel
JIAAT AT SWMT Y% I dOR gIvadRIaE! Wieflegd (absorb)
PSS! IWIAT. B IHI: hg 3 SXITBT ST,

3R ATl TITRT (Enthalpy of wet steam)
h=hf + x.hfg
PIRe! arbdt TR (Enthalpy of dry steam)
DRSS! AB B SR TR0 BT 1 (xx="1) 3Rl
h=hg = hf + hfg
gUIgles arbdl T (Enthalpy of superheated steam)
h=hg = hf + hfg + Co(tsp — 1)
Cp = HIF WRIt& I0TdT (Mean specific heat)
tsup = GURBICS AT dr9q™ (Temperature of superheated steam)
t = Yqud a9 (Saturation temperature)
2.2 91% IUTEH/ WA SRR (Steam Generator)/ S1A@R (Boiler):
T TR fhar siaex IHd: ¥iod §90¢ Uh §¢ UF 34d. I s
TEUIS YT (U4, &4 fohdl 91Y) Sao-T® dOR o] IWIdl Uil s §xdidiNd HRU]
3{TTOT RIaCt AT IR L.
2.2.1 W SigoAardl Hgxayqul I
WA Siooaas 3He IF aiRed WA, W fAwar e¥9H @oie Sl
Hgwqul 3MTed.

1. §1g®% RS (Boiler Shell): § Wow WU §Hd¢ Sd of NS BRI
dIhd T Rage fdhdl de8 o SIaTd. AGHT CIbiHl TS WHgR &g b Sild.
STgeR AGHL TUR ST0T AT STuaTraTST QRN ST ST,

2. SG6- & (Heating Section): 8 ®&, MM SIAGR AGAT JMO! 3R,
Y $Y9 WTeg AeHYS U0 9% TR HRUATEIST dTiRe S,

3. Uc: § SI0- BTG Uh WehIH 3, SR 34T (Pl fhal B1Hs) SEo
Td. Je IR PRE 3HAT 9RA (Cast Iron bar) §9¢¢ 3@d o
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THHB UG dTed ST SUlh (IS aTD 3! gal AT
SIS 2ehd. Ycd! GEUTI(Surface), SATAR 31T SFTd, ATST I GEHTT TUITG.

4. WY (Furnace): g dc=T aR 3101 S1TGR ST WIS RSS! SR 38, SATHE
Y TITT S5 SITd. BgaT BRR iy (fire Box) 318! TUrdId,

5. dI99 YEYNT: § S9oadl GEHRTET d URT 3M7g, St 3ifiel (fdbar smfiaga
JUITT TRE dRGAT) TR 3,

6. HTSFET (Mountings): § fhf&TS 3Rd o Sige=a 9 ST IR 9o
STdd. g1 o Uit Adzme, (Level Controller) Id HIU®,(Pressure Guage)
JR&M dred (Safety Valve) scqldldl JHIGT Bidl. 8 G&Td 90 Hgwrd 3Tg Bl
ARG SaeR YRIETUU S B Febd ATa].

7. AETAP IUDBU/TTIIARI: § IUBRU A1goxadl HRTEl Th S U 3R,
R d AR §9d0 Aleld. IHE JWelex(Superheater), SHIMAIER
(Economizer), ™18 U (Feed Pump) 31! IiET JHIGRT 3[4l § G&fd ol
AEa 318 &I gD IUHRU! §igod YR HudTd 3107 3fITad Ao audrd
Had HrdIld.

2.2.2 IITT W 1ol BT ATa=add:

1. Sge= I &HdET (High Capacity) dToR &R0 3{9z0d 38, SO Tl
3T Dt HHI 34 (less Fuel) TTRS SR TRST 9T I B ST,

2. S RHd e uu srfcuafRd 3Ryul 3axaed 38 d IT6-d HHl B
3TFOT SUARIA Al ATIRGT SITUTRT SRATAT SHC!.

3. SO Brew ARRAT Ry St 931 dd RR @@ ool

3T 3R,

SAGRST 2T URY (Start) HRUATH! &HT U HETD TG,

SIIGRST YRTd HHT (Low weight) B0 oz 3G

SIIGRGT UTe! ST (Less Space) ATURUATT &HdT 3RI0T 31a3TH T8,

SOGRAE AR (Joints) HHT SATOT TURRITS! Yo ST Ha=TD 3Tg.
QRIGd! SR AT (Refractory Material)@Ht 8101 3fazad 8. OUT
ArAMY JRIET THRAE M Bl HH OIS SY[ YFRGIH Sao
gfAfRad HIuaTE QR0 B0 e 38

9. SIgox HAMTHIIR (Rules) JR&T @i UIoH HRUI Sa=dd 3Hlg, T
SIaex fAFTEE R Hoean JRa&m fafemmi=n sifor arudsian (Regulation)
UTe HRUATd A Tl

2.2.3 THH Sigo (Steam Boiler) fias $yvarar 18! Agw™ ATUGS:
T SOl YR A SR Fae Tole Hew@Al dROIAR IO
GRS
1. dIgox &Hdd 3R1d HRUTMNIS! AN Al HTa=RIhdl 3R

© N @ v A
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2. SIgXAl STl SRR WEfid ot g (Pressure), SIOIde ardd
IA1GH HI0I,
3. W 34 (Steam production) HRUTT &R
4. Y= 3TIOT UTUR it SuSSUdr (Availability of fuel & water)
5. 9TORST SITUTRT 3¢+ (Fuels to be used)
6. YT @18 aeR (Load factor)
2.2.4 T 9rgox ST (Classification):
W Siaexdl 3% qieHRul 3Rdrd, YUl fasarear e I JIeiGuHIo Heard
31Ted,
1. cgEue o AR Wafta: W9 diged (Steam Boilers), cgaqe
ST AN (Contents) WIS TGHHTO THfidd o SIS, BT,

a. BRR &4 (Fire Tube) fdhdl W& e (Smoke Tube) STOR: BRR &
SaoxAY, SYTAT G8UIM TRH IR ST 8IS o cgeetal 3T STl
[A]-cIed), 1 ool Ui R A, BRAR ogd SlgoYd
3IaeRUl- Riue &dee siaex (Simple Vertical Boiler), Cochran
Boiler, ¥%3maR dgox (Lancashire Boiler), ®IfHa1 |l@er (Cornish
Boiler), Whld WA s§ig@R (Scotch Marine Boiler), @idiaifca slaex
(Locomotive Boiler), Iid 3{Ted.

b. dicx oJd dIg@} (Water Tube Boiler): diex &d sigovadd droff
S 318, d FHT dlgs SN S0 TRY IR IR 378, dlex o
SgPId ISIeR0N - dadbidh ST faddhiad Siasr (Babcock & Wilcox
Boiler), wf$T sfaex (Stirling Boiler), @1-Al< §@o? (La Mount
Boiler), IRl (Yarrow Boiler) 30T 310GaR Sias(Loeffler Boiler)

2. BRUMEAT (WP RMHAR: ¥ 9964 (Steam Boilers), HROTH=
RIFTIR WIGTGHHTY aiiighd o> SiTd,

a. AfARYD IdRT TOGH (Sede! BEAs diged)  (Internal Fired
Boilers): TRUMNY SO&R AGAT 3T 3!

b. IEIUN IART SESY (TICHe! BIOs §ged) (External Fired
Boilers): TRUMY SO&R AGHT dTgR Sl

3. o UREIER: T S[00Y, oAl YRR o oUHT diied bo
EIG

a. 34T (@fcho) siged (Vertical Boilers): o TfRT gfdpe 3!,
IaTEN- RiUs Bfems Iaex, Hih Sias?

b. 3MTSdl (BRuied) daed (Horizontal Boilers): &= T giuli<s
3l 3G - Sqgdid MU [Jodidd JToY, DDHIAMR TR,

SIBIHICT SIgOR
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4. ool HWIAR: WY oY, cgesrall SATUR JOIGUATN Tildpd b

S,
a. i@ og@ dgey (Single Tube): 7 Tohd BRR ¢Jd fdhdl dick &gd
31d, IareRl- Riue &eldme arger (Simple Vertical Boiler)  ®ifam
S1a®Y (Cornish Boiler)
b. A SgPR d19@d (Multiple Tube) : &I F fhaT WIRd BRR &
fobdT e = SdTd, IaTERT - ddbidh 31U faddh e STeR, SHIR
AR, DDA AIToR d Hlh AT
5. qTugTeAT STOT W fIRRU UGdIgaR: XH Sia0y, qroarar il
W SR UGdAR W GUHT aiffgd o S,
a. WHIfd® IPpauier driged(Natural Circulation): TTUaT TR&GIUT
WIYTA® SficRaTe-t Tago=H YR HISTHTE 3RTd, STt UTugraT Srdr
i BId.
b. [Gdeld Weauiar dgey  (Forced Circulation): dmoarE  faddid
WHAU §1g ARG Arsidod AfCRETS GUgR gld, STeT Bl el
FHH ATGIAS 1. f[Adeid IRepauiiar R I aF Sgoddd ol
ST, S @l B1-Hi SiO6R, a9 9[OeR, SIUFGR SiaeR 10 debi-
SIgoR.
6. STARTATHR (Use): WIH S100Y, STANTAIIR JGIGUH0 Fifldhd o ST,
a. TRR drged (Stationary Boilers): fRR a1thd SIaod diol UdhediHed HTOT
NN Tfehar ST IR STTdTd. 8RR T H@We Sdid HRUI
d U feH1omg gu=ar f3ault god Areia.
b. Io-2T® d91god (Mobile Boilers): To-2116 alhd SIAGY o 3MTed of Uh
fOHIUNE U1 f3mTull §odd. § S1g0d GlbHIceE S FRiF Jaey
31Ted.
7. AIYHTETAT HagER(Source of fuel): arthd diged e a%w AHTRTS
JIRET ST AYHHRT AR ¢ale Jilldhd Bo o Adbdld. § did
g(Solid), 59 (Liquid) fdal aREY (Gas) ST G4, SR IS Ufdhda
IUSMICH WUH TRA BT a1, faggd Sl (ol 3] Soll STET 31 .
2.3.1 14T IHT F1aex (Simple Vertical Boiler):

YT IUT SIGoR BT GIETaR 10T S YA dT% qIR HRdl. WUH, d Bt
el Ao FRvamTet fhar waffed st fe@moft aRe o, a1 UeRwn siaesd
SiYBT Fig 2.3.1 & SRAAS 3G
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A

]
Lyt

Handhole

[ETERIELL

{Fire hole

i
‘vl'lll'

Grate

I
[Ashpll
Fig 2.3.1: H1UT IHT IR (Simple Vertical Boiler)

qTd SIdasaed MAThR BRR dIRIa] (Fire Box) deUR! Th MATHR XS 3.
BRR ey dihdl JEHNTER Ygol Udlg IvaMd! aal dTed fohfard Fgesdn s,
BRR S BT, Th U< 3178, BRR didqde giH fdhar st siaeia i g
ORIl 3ffgd. QU US% dlequarial  Sfifor urogrenr gadozedr  (Water
Circulation) RO HRUGRITS! IWIo- e 3118,

3{Uceh ogd HIR Sl o AU STal. U dler o=l e 9h
TwIs HRUGNS! gldial aR (Hand holes) f@t oied. SaoR A% HRUGRAST vl
HI8Io(Man hole) fCo@T 318, ST TBIAR S HIGUIANTS! Tk HS g8Id(Mud hole)
fooT 3fe. SgoR 2T SN BRR iy ST ST S9N SRUANTS! 9 WRee!
31T
2.3.2 Cochran Boiler

JUT SigeRd 3@ fSgme- 3fied. Cochran SR g1 I Syl guTd
UHRIUD! U HE UBR AFGT SITdl. BT SII6R U dTel MATHR S AT Th BIRR
ST 3l S &1 Fig 2.3.2 U TrEao 3%,

Maharashtra State Board of Technical Education



SUYaddrl g yfehar TS (313339) Utilities & Plant Maintenance 313339

Manhole Chimney

Shell \ '
I

Combustion
chamber~{_|

Fig 2.3.2: Cochran CICRS

e A BRR dlF Gl slRbREbS (Hemisphericl) 3fgd. digox Redl
BEhR&® Cochran Boiler 31 ST UM Rl St 3ifeieh aTth Gredbidl Jugad
3{Te. BRR ST s Re e HI3+d i o foRiUd Sugad 3MTe. BRR didd
30T g8 R (Combustion chamber) TF BgH URU gR SI8¢ 316, &8 TR
RS a1 (Flue gas) TISTGR I Sidy T STdd.

1 Sed AN (Diameter) TR §.4 BT a1aT oftr il oo I 84
39d. Flue 71899 Th YaHRUNGR (Chimney) §ad SAld. Ggd @R XASHAT SISO
T foa B4 Hoo! 36, AGAAT HISTHT IRl HGI® GRITST 3MTg, S
BT ITURGT STd). BRR SId9ed] dBTaR AT 38 (P15l Blig HIugMETd)),

HIP BRR BIGGR B H Old. SR IR d6 BIe HIVINTS] dTRST SId 386, T
PIUTATE! e fe@T SI1d ATe!, UUT BRR Siay<d] daTar BIR fiaq 3R+ $oo! 3. a6
R (Oil Burner) BIRR 8IogR B1d®] ST,

2.3.3 BB 1S (Lancashire Boiler):

8 T& RRR, BRR egd@ (Fire Tube), 3ideId, W, 30T Uipfdd TR
TIOR3, § T aTIRe SIald oY 3 GId 31107 Ikt azTd FArd. T TSl
MeTHR 2AG (Round Shelly 3T, ST ™ (Diameter) 1.75 Hlex d 2.75 Hiex 3for
oidl 7.25 HIEX T 9 HicY 31 RAhd. A G deId g ey 3fTgd, Tl AN
MSTHR ASAT 0.4 BT 318, & UPRAT Sigox fopdrad (Brickwork) 3IaT S,
S dIeqd Idgrdl YT I AGAR 3dl. FHRIMR S[goT! fHd AT Fig

2.3.3 A qrafdoT 3fTs.
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I G196 Tdh Bid MOTHR a1’ S (Outer Shell) (1) 31Ms.
W 3 Wegae diydat 3g, Saral fauntd Rfge oo siied. d1d & Aredn
ARSI Feg sH (2) 3Med. SO Wt HRId Yozl [HeequaNrdl a1 oy
SIS 2] A HH B R, T BRR U< (Fire Grate) (3), SAT@T B9 (Furnace)
TUTATd, T, Soua dc! IUGSY Hos 38, AT B ST S15e Sifd. HRR I
319¢], R U 9 311 (Brick Arch) (5) 318, SIS YHdSTd a1 aRci 9o5de SIdTd

10 11 12 13

(e Ry L

Fig 2.3.3: OPHIARR FIGR

TRY Fuel TN, Td¥Teld T ey fafgd AR, WIole &4 (6) &1 SITdrd. I
YIS Y, SiaexaAl Ge thrdrd Sarmed o fauiiord giard Mfor S vy (7) 98
qIgdrd. AdR G e (9) HE YAz dhrdrd, 3oft e Fmofies Sida. SER (8) §ig]
FegSTH 2GS BRG] Sidll, SATaR aigT WargT! TRl (34l aTg= Avamn &) fFafd
ST STal ST 3T dTh dIR HRUAMET G} JGRITIT HoT Sl AT STHST STo Al
TS Ush YOIaR SR T SRI gR Ia1ed e . U fBAT BISS YR& aled (Spring
Loaded Safety Valve) (10) 30T uig dred (Stop Valve) (11) Fig 2.3.3 A qREae
3{Te. Yid dTed SHTaTD YR SoHST 9T JRAd.

3o qT HTFOT ! UTuf IR&M dTed (Low Water Safety Valve) () <UaTd I,

qroft IHH Wi (Feed) HRUATHRAT, fthe ®lear (Feed Valve) @earedr fibs
sy (R¥) BT den Sl ST SigeR ASieaUUl TRA $el Sdl, degl a4 dih
Ul Th Hio! AE1 9l Sid dted giel T (Priming) 3R RUMME. O
Tfshaes UToRt faanTRITT SIEUTSiET Uiy (Qu) UG Pt wid 3ol srfeptie aroft
TS e SIld d Ui dled TYA S AT [Hosd.

ol-31h ®id  (Blow off Cock) (&) WOl sHoed Hdiel (Mud) Het
UIUORAEd Sia6Re] dle) Bledl. dad ST (Inspection) HRugrsnd sigoddie
groft Yad FRUgNSIEl aTIRST Sdl. wis (Cleaning) 3o TR¥Ad (Maintenance)
HIUGMTS] Sigoedl a3l 0T TRl HAgle e Sidld.
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2.3.4 59pI® AT faoHpiay IrgeT (Babcock & Wilcox Boiler):

8 U W5 o, RR YpRaT dick eJd sigox (Water Tube Boiler) 318, S &1
Fig 2.3.4 A% qRITS 3ATg. ATd I AT0T UTof §H (Steam & Water Drum)(1) 3iTg.
dl Ract T I8 cYIgIR 3UCH gex (Uptake Header) fdhdl RN (2) Sea@T 316,
dic} s (5) foaRWT 3RYH d 3UcH BRG] SIS-ch gexudad Siedld. Ydd Gakird
IS (300 A M) F BSITd TS o 3MTed, ST it 3 Udd! MTed. Seal
32 2 auft aMRd, I Ud® e guaTeT SR 9!, YT TRE T Ud®
S[SO] TRA H G, 584 ol 3R 88 81 B (18) Tied IUG 3.
Udd SIFICH A U TS dIRT (6) AT TS 318 I B Ahfod ol Srdl. Th
g Ao WA dareld o U 38, SR Hie gk (Coal Hoppen)(21)HeH 3HTures
S,

AL (Chimney) SRR TSUAIMIER U BRR fie dho, gic TI90T &,
TTot, AT I8T aRIo idid aedadl. SHY (17) ge9sl JARIG Yot avdl o (22) §R

SgoR Lo TeudR (Steel Rod) TS H@T 3! 30T T4 IR THHR BRR
fye dic IRO®T Al HeT=9 (Maintenance) 3ot TWTE HR0dT <@ (4) TAzT
HIYTIRITST TR ho5o 3Mgd. Uroll S (1) T gex (2) T 301 AR s (5) AYA
TSR (3) HYT TR SHHE S, 71 Ufshae GrRTac- Jguigur qroft ares g udfd gid e,
T gRigeR GO ThT HiadT WO Ko sy (10) 3drd 01 A1 G §lay
3Ted: Th JURfgee W &l (Superheated Steam Box) (11) 3101 GORT YRS
WY ST (Saturated Steam Box) (12).

'3
™ 19 y
y, = 14
13
8 R s M|
10 (]
20 = A = - 54
i2 T i
]
]
3 - Il
5 1
—_ .
18
- [ 5*®[F] v
::: 7 - ,. 1‘7’ 1.' T- L-‘r.
tr I m o2 s 2 parexes
‘l‘l‘n‘l“".-::’:‘“:’::::
b"’ﬁi"’lﬂ;g‘

Fig 2.3.4: CEEACRIRGRE AL KSR [VRY (Babcock & Wilcox Boiler)

SHAY UIUIERIAER 399 gIURT d% S UISY (13) 30 Yd3 o=

AT gRiges T §ia (11)09 §ld. dFaR ol eIy (10) YT JZRes T
SIdT (Satured Steam Box)(12)H& STd. &Ied (10)=0T HIHIGH LT ST o 3ifddb

JWIAT Yd AT guRfges Bidl.
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], RIS W 3M3ecde (Superheated Steam Outlet) TISY  (14)=aT

TIHTGA Uid dled (15)T 4T §ld. digoxel M o A8fcs (Mountings)
SUIO T 3gd, S DI Y& dled (Safety ValveO (Feed Valve)(19), fthe &Ted (20),
qIex oS sfadbex (Water level Indicator) (8), 30T GId T (Pressure Guage) (9).
2.3.5 dieX ogd 31T WRIR ogd srgeddr go-n: (Difference between Fire tube
& Water Tube Boiler)

fEWT8T (Design) : dlc’ &I ST@AE (Water Tube Boiler) TRH T csq=dl

deEd UaN PRdl, R BRR gd digovad (Fire Tube Boiler) TRA 14

SIS 3T U .

. ®rdemar: (Work Capacity) dfeR ogd SiOex SIRd d9HE 30T g6 98+
HUTN W& (Capable) 3MTg 30T HfI®H HREEH 318, TR BRR &d S[A0x HH!
ATGHT STIOT STaRITST UG 3HTe.

. GUR (Uses): dlex Jd OO SN  SuENTS!  (Industrial
Application)STRd a7 378, R BRAR oJd SiFoR MR BRI fdhdr St
Hiean el sruarTaret (Small scale ) AR S,

. CId HdAToA (Pressure Controller): afex e Sged I TEd 1o B
RIHArd, SIS d BRR ogd SiaodusT 3 &1 (High Pressure) STRRT™TS
U ST,

2.4 OO HREE™  (Boiler Mountings) omuft dfgex (@I (Boiler
AcCCessories):

diaer ORfE il sazaddr digexaAr IR&M (Safety), Tared, MU
dFHTS (Technology) Tekit Zridar YRARad HRUTIHIIT 31Te. SR AT 3Hd
THR 3¢ o, fovarar evH Tote Ak Agwar 3ied
Uogrd &R gad (Water level indicator), &1d 75 (Pressure gauge), gR&T died
(Safety valve), ¥id dled (Stop valve), sd1 3 ®id (Blow off cock), Bigd® dled
(Feed check valve), ®IRIE® @ (Fusible plug)

SO RIS WU 32 ITHRUMD T o ST BIA&Hdd GURT
HRATT SO ATl HRAYUToIeT s YR Sfr guTdt SHadd. a1 SaeRio!
RYTOAT SIS T e HRTd Hol Siid 30T Iir araR fafdy Igiarat &or Sl
He<ard] SIgox SIGUTRIS WIoeUHT! 3ed
SHHMIEER (Economizer), JuRalex (Superheater), TR Wl (Air Preheater),
is Ug (Feed Pump)

2.4.1 UToft &R gA® (Water level indicator):

? U Hgard e 3iTg, S SraeRal SidedT Uioard Uiaed! (RIe®Tol a2iad. §
TdH JR&M IUHN (Safety indicator) 318, SR SAGA AT HRIGHIR AT
31d. § i argev=n THR 3 zreed SNfdT WYRUMU S 3. SgevHe] Jed:
RS SR groft graedt Fé=me Fig 2.4.1 A4 g2ifae 38,
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Tube (1)
(©)
c1
[\
[-]\] Shield
“4 | Steam
Space
Tube (2)
O
©
c3 c2

Fig 2.4.1: qwﬂwqaa? (Water level indicator)

I A 5 (Pih) T Tk Bt Tedt (Glass tube) 31d. WIH Bidb C1 B
T3 W WUzl Sieoo! dadl. dick ®idk C2 Bl 10! SgoxAd® uamRil Sred.
o9 Bl (Drain cock) C3 AT TR ATURST STl SO WA 30T dick Bl
(Water cock) W5 3 RiRgd &dr 350,

WA g sRiyuTeiae A Ul urdest eziere arg sl TH
MO dier Pid Igee (Opening of steam & water cock) SIdid 30T 9 Sl
(Drain cock) s¢ a1 ST,

7 Ryfd, 59 Fig Al SRadeuTyHT0 I17 fRUHd 39 SITdTd. Sreiear Tos =
Tl APl AFHE G e S&drd. Sl "] e, &F e AT

N . N

cIdhidhe SArd. AT UTuf S1f0T a7 §Te’ USd Alsld.

HIdl Tl (Glass Tube) TgoUUl Sodl Ad, Had TH 30T dick Hidb §g
H= 31 Hid (Drain Cock) IUSAT BIAIAL. SR KIH FAGX HRRA 9], I
AHUBRATS! Slee Bledl Idid. BT 781 BHee 11 (Conical rings) 30T 68
AT ST TS AU Jad 9! S,
2.4.2 &1 9 (Pressure gauge):

IR TS € S1goxA1 Tdedl CIHdT GIF (Pressure) HISTUORITST aTURST ST,
? ¥ 9o YR 31900 3d. U2R N IHMIG: dRe9 (Bourdon) TR
3T Fig. 2.4.2 A TRIGITYHIT! UehT TWreT aRe YR TsMe (Bourdon Pressure
Guage), T%h 3iSTHdl Galad ! ABC 3d Sit UHT aqedTadl HHMHS dhdool
3d. B aHee! 3t dReSTd Aot (BourdonTube) TUMH @@ S, e =T o
Teh Tl RR 3101 drgoxy e €Y WM (Steam Space)Sieo ol Sdl.

g b Tdhl [dhgR ThT JaeRN (Connected via link to Sector) Siede
3d. TG W T@Id Ud3T HRdl. TT Al GES aRaTd! ] W61 WS
HRUTMET YTd HRd. HRUN T3] Uh TYBIHR ahId SIS 6! 3,
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IS d W gognge agerdRr (Circular) g10amEl Uad @3d. Th areft
fafrga snfor J9ex (Pinion & Sector) AR ATRe, SRS oIl dafdddl
(elasticity) UigexaT fihRad. BT Ulgex U&h dioscs WhodR (Calibrated Scale) fohxa,
S 9¢ 9T U2R (Guage Pressure)gRaddl.

Calibrated Scale

Steam

Fig 2.4.2: SR&4 IR T
2.4.3 g&IT dred (Safety valve):

B JUDRU WIH AT (Steam Chest) SHSoo! ST, S KA1 3ifav<s
3idqifd qrEMes (High Pressure Steam) BIUIR ¥hic (Blast) e/eddl Idd. Udhl KA
SIORST ATYRUIT: G YU diceg (G0 S, § UT SIgoRaR B[00 3Rdld. Yedd,
It diegd HE (Work of Safety Valve) 0N Siaoxddie WHdl g SRR
GTTUET STRA ST WG] §Tex ISl

AUt dleeg 3P YPR 30 o, fawaran e¥F Yeie uewad 3iied, fBi olse
IF dfeg (Spring Loaded Safety Valve), dlr YWl diccg (Lever Safety Valve),
$€ dc Uu! dieeg (Dead Weight Safety Valve).
2.4.3.1 {81 ¥13s AW afess (Spring Loaded Safety Valve):

QT ores e dicd TEAd: dldbAca (Locomotive) 0T TS (Sea)
STGUTTS! ATIRST ST, a1 GoHHe 4], 07 [BIgR 0I8 soe! 3[dl. {8 ao i
(Circular Spring) W&=UId §90! ar fdar 9y f8AT (Square Spring) W& JYsHed
TR o ord. BT g <= fdhdl HIERM a8 3Ry 2Adhd, HRU WH g B
TR I Ixdl. AP habgaid, BT HIRRM (Spring Compression) A&
CERISIGI
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Fig 2.4.3.1: T8I Bles YUt dleeg (Spring Loaded Safety Valve)

&1 ®les W& dicd Fig 24.3.1 AY T@IST @ 6. & I
Slb eI (Locomotive) fihe ool STal. d U SiIo] aedl dI9[o] sqadid d
@ PRe TR (Cast Iron) 7 SAST L 99 S1TGAT ATSCT SBIHAR © dlee Ho
3. dicegol BT 3M1foT fovegR (lever) §R WIST GeA dadl Ad. IRl G fUgicd E
3{TIOT F 31T,

forgic £ U AR Slexaiad e ord!, 31fdT figie F derar JuR goeT
3L, g1 fUgicy o dicogR Ay Hdrd. BT aar Ui 3 H &R H8SHaoT S|,
R WA YT T GO MSHAGT ST, ST B g foror GRI&rd HRoard .
fERTST G qRam ffaq (Safety Links) Tgd, Ul AN Ueb, fobdl Slag=al Ul Sl
fohar Slegv=a a1 ar9eT U A Siieoen fR¥ydia.
2.4.3.2 B GU I dieeg (Safety Lever Valve):
T SOoHaR dRGST Th Bl IR&T died Fig 2.4.3.2 Y GRIFS] 16T 311G

Strut
FulClumK {GMGG

l

Valive ?%
A
; Load

Seat

N
7}

Fig 2.4.3.2: OlgR U] diceg
AR I Sfdid W dgedl I R R g« a0 (Safe
Pressure)3fig. SR WY dgoAe aladl faid f&3ms= (Internal Safe Pressure)
FO T AU STRd A @R, dieddl ITST ARG AT B,

Z
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IR & died MWL died drel (Valve Body)+ Bt GooMied SaGHar the
Fo! 38, §i-a dicd (Bronz Valve) I IRRIIR U8 Hoo! 3MTg, S0 dled TUT siiaraed
3Tg.

dled STIOT died Wi ThTd YTqa ATIRA ST G0 HHT Bid. ANIGRID BIgRael
(Lever Indicator) U&T SMEdl daRTd dadl. B8 @Il 2de! BIGT Sl TIHdl
3§ R Tafcuan (Steam Pressure above safety limit) SIRd 819, @I aRIo
YapT AT IR ITSd!. 3 T YR IFOdeR WRa I3 gdd gd. R dled IRd
=T 9es fRYdtaT (Original Condition)Sird.
2.4.4 Stop valve:
? WIH SIoasi® Jaid A1S died 31Tg. § MHIId: U ored] g ST Jaid avd]
YRTId SIS SITd, Fig 2.4.4 A8 GRAGATIHIU. T dicdd W B4 Jel@UHTul TR :
1. Wwer ware fAEfa @9 (Control Steam Flow Rate): SI@RAYT dgR
USUIRY XK1= fezm sfor gamr fAdfa ool
2. SIgevHAl ¢EUTOITS! WHAT UaTe §¢ HRUl: SigeRdl q@HI® fhdl gokil
(Maintenance) ®aHT W HAT UdTg Yidaul,
3. SIOOYOTl Sleodl IUPIVHA I YRAST B0 ST dlex TSUIRT

g fafay IumRuiHe) RAST HIUL.
H‘H‘l Hand wheel
B S Sl 3 e
’4., Nut
Stud
Gland | 24
| Stuffing box
L
3
Body |
Valve
| ——— ——
Seat
Flange

Fig 2.4.4: Ui dled (Stop valve)

iyoft (Construction):
1. Body: ¥H ¥ dicad RR AHEFIG: HRE IR fhdl Kiod STdoe 3.
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2. W (Flange): TS dicdd! digeRal GaR (Boiler shell) SHGUaMTS! aoRe
TTd. § dicad IRRTAR d0s S (dhal diecs 3.
3. died dte (Valve Seat): afcd Hie s1 (Valve seat bronze) fdhdl Tow Wiod
FIIGS 3, ST dicdol TRy AT fHesd 3o Tt cresd! .
4. &% (Disc): f&%® died Tlear sqd 3101 Whadn varg (Steam Flow) fdfAd
o, e IHHq: s fdhar o9 Wad! (SS) 3.
5. WH (Stem): WH EHT R-WOT FROAT B HRd. TH @GN (Stem
Handwheel) STS®o 3.
6. 88@I® (Handwheel): ESRI® dicd IYSUIN 3T §g HRUGN JTIRS Sl
RSRI® d5acdH WH gad! AT A f&td aR-Wrat (up down of disk) 8.
B (Work):
1. died IYSY (Opening the Valve):
o TORIG IBAM WH ITGST SITdl.
o WH I fo3® aled (Disk Valve) Sieds+ &R gld.
o TS SIOGHYT T YaTE g3 gl
2. died §¢ ®UI (Closing the Valve):
o TORIG IBIM WH WA e,
o WHIO! T &% died Htedr IR I,
o TS W1 YaTg & gIal.
3. warg a3 #wet (Controlling the Flow):
o Te@mIeA JeraM fepa WM Fufd &d WHen uag HH-od
Rl Adl.
o dlcd YUYl IUSEN gl yarg Hadl, R sitfae Iusa™y HH! Harg
firear.
2.4.5 B! 36 H1d (Blow of Cock):
SO1 3P Blh T SGRTL Th He@drd IUDHRUT 3MTg, SIS SIS Tl
M, (Sludge) 3fa=Y 3101 ffafkad ard@ (High Pressure) d=oma dadr ddl. ae
SIAeXd! BRI dTad HTTOT GRI&T gHrRad gid

Guard
Plug Shank
Yoke &4 g Glands
Conical plug

' e Casing

Stwulling
box

Fig 2.4.5: B 3T HIh (Blow of Cock)
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Yol (Construction):
1. TRR (Body): 31 3 dldhd IRR AMHEFIG: HRE HARA {dhdl Elod a0
3.
2. 88® (Handle): 5@ dicd IUSUIITS! 31 S HRUITITS! dTRS Wld. 58S
JBac died ISl fdhdl 8¢ g,
3. @ (Plug): W dicad T8 HFT 3Tg, Sl W 1H fdbar urvaran yarg fAdfd ol
@A T 355 34, O dicd SUS TR UaTgTTa! AN TR $Hd.
4. TgPe (Gasket): TTGdHC dled 3T FTGIAT SSUTT @I CIBUINTS! ARG
EIGH
a0 (Work):
1. 765 SATIOT 3@ HTEUT (Removing Sediments and Scale):
o I 3 Hiwdr (Blow of Cock) T & WU dgoRel IR
IS TMes ATOT 3R HIGUI.
DHTIEd B BId.
o dicd SUSHM, 3 ST W IHT YeTd § 3Ry §Iex b e SiIdld.
2. | f@7uT (Pressure Control):
o PIEI dBT, SOeAL WRd & (High Pressure) FHfor gial, Sags
SIS TH I 8IS 2Adhd.
o 3 3P Bk IS Hfalkad ga (Extra Pressure) ET%T HHOT \_fIT?'ﬁ
e gTd (AT g,
3. SIg@ SEHTS (Boiler Maintenance):
o Tafquur 1 3fs ®iwar (Blow of Cock) TR Hed™ SIS
TGS Tt Bl
o T 3T 3GV JABIAB! Hleed ™ SUGI! HIAGHIT dred  3Hfor
ddpTes fepar.
2.4.6 WIsd® ared (Feed check Valve):
BISd® dled W IH SITGRAE d He@YUl I, HRUT I 1S diexsl Haer
e 3nfor QRem (Safety) FFRTd Fxal. TS AT HRIGHT dled AT AT

BT (Life) dred.
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Handwheel
ﬂ \\%—
- NN\
=5 1 N

4

\ “ KTy
12 08.920)

Non-retum

i

e

/ Flange

Fig 2.4.6: Pledd dled
Construction:
1. Body: BIgd® dledd IRR JTHRI: BRE AR (Cast Iron) fhar Led (Steel)
FIGO0 3. § dfedear YUl TRe- SUR <.
2. & (Disc): f&® dfeanedt 3 al 10T Urugr=aT yarera A9 (Control Water
flow) L. UTUTTT qTd fS¥h @1 Ia@d! 101 ATHes UTugT= UdTg Bidl.
3. Rye (Seat): e fewmaT fasm™m eRvaR R 38, ST et Riear Tud! dagt
BIEZIEIRCIERICGIN
4. TEH YIRiT (Steam Passing): dicaded WA UIRAT 3, S Bl dic}
SaGHE (Feed Water Boiler) Wwwm
5. 8@ (Handle): 30 dicd SUSTITIA! 30T S HRUITITS! JTURS Wld. 5SS
g f&xd Rcas ar Iad! fdhdl T a7,
P (Work):
1. SIgGYHA UUgrEl yarg R #Ru (Controlling Water Flow into the
Boiler):
o Wigdd dled (Feedcheck valve) SIOGHE WIS dicadl Udigrd Aoy
B,
o dicd FYSAM WIS UUgR (Feed pump) UTUT SIO@RAE ST, 2Mehd.
o dicd §¢ Hed UTugTET YaTg Yiedl,
2. qToft IR STUATIREA Yigaul (Preventing Backflow of Water):
o WIedd dicd UIUATST SIAGRAY URd 18 UUTd SITUTTIRIA Yisdd!.
o UTOgTEl &I (Water pressure) fS¥@er Ricar qlgd dadl, Sarges roft
IRd I3 2AHd ATal.

3. &1 fAg=uT (Pressure Control):
o WIgdd dicd Igo® ge FRfAd HRugTdt ¢Eie IR Sirdl,
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o dlcaedl UERAH SIexHE g YHTUNT Tuft 3adl Ad, ST are R
UTdadiaR (Pressure at safety level) gl
4. STaex YR&m ghRad B0 (Ensuring Boiler Safety):
o Wigdd dreg=dl (Feedcheck valve) ﬂ"c{?'ﬁef SIIGITHL TG YHTOM UToft
RMEd, S digox 3fievalet (Overheating) fdar g/ TR (Dry
Run) arad.
o B dTed S RIT S0 HRIGH HTRITUTS NIT! TaxId 38,
2.4.7 WRES W (Fusible Plug):
RIS W LA e Th Hgwdld Rl FIe 38, § Siaexol g aiict

(Overheating of Boiler) 3fIf0T ¥Uid ThICARA (Blast) drddd. dHe, RIRGES
e fafird qurpoft e SEHTe HROr Sidd STaza® 313,

Steam

P

P3

L fumace crown

Fig 2.4.7: TIRIE® &1

Fiyoft (Construction):
1. §T& IRR (Outer Body): TIRESG WiTd dT@I IRR AMERIG: HRE R fdhal
Si-<rd ITa0 0 3. 3 IRR dIgoaed fthe HRUGNIET 9SS 3.
2. ®afa®d UTq (Fusible Metal): ST3T 2RR=AT 3T Th Fafddh Ul (HYRUG:
feq, Jte fohar faay fHson) arR doT Sl g1 urq faRm draamraR fadesdl.
3. ¥ex @ (Center Hole): WRES U1 Hex BoHA RS 3l & 816
SIgGIAT Tdedl HIT SIS,
av'I'Cf(Work):
1. arq| a0 (Temperature Control):
o RIS W dIgoAT HTAe™T AU A0 UGS aTaReT ST,
o SigoRa oae auaF [Ruid maiduen SRa SN, Gafad Urg
fadesd! 3f1for glo IuSd.
2. Rf&rear A (Safety Device):
o SOOI UTUYE Urded! U HHl AN, Sigodl ddH TRY 83
BTG,
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o O R, WREe W Mool Gadd Ui fadedl ol g1

JYSdl, WD oG WIH dler Ued 3101 grd B4t gidl.
3. 3G URIA TR (Protection from Overheating):
o TIREE W1 SToR0T GBI CTTURE dradd!.
o SR SOGRAS UIUgrEt Urad! QU HUt el R WRES W fadesdl
3107 T FeR B 1Iexd dTaHT HHT B,
4. &I AT gARYTUAT (Maintenance and Replacementy:
o RIS O [ddes R SIgoR 8¢ H1al BRIl ST TdH RIRITS I
CREICICIRIGIA
o B Uik Faffd qEuTSTaT YT 3lg, ST Sigoxal JRi&dadl At
Bid.
2.4.8 SHIFMTAER (Economizer):
SHHEAIIR dgoal HRGHId YR HROINS] A0 S84 o HH!
(Greenhouse gas) IS HH! BId. IPHHRRIRAT Fald T@HS il quriige
T BTG $HiYS dreddl dard.

FiYyoft (Construction):

1. egeT (Tubes): PRI U fdhdl i d8¢ e 3dld, SUTgR Troft
gaiied §d. § °gsy IR We (Steel) fhar HIad (Copper) sa0®
AHYdId.

2. A® (Shell): S TSI Hloal JGHAL  (Shell) 3900 A, & UG
SH AR G- 3YUR <.

3. g0 (Insulation): SHHMISRY &TeT YT $go¢ (Insulate) Hoo AT,
ST I SUeg HHT gial.

4. g%e 3T 3M3ede (Inlet and Outlety: TU0AT™ gde 30T 3¥coe UieH
3T, ST gToft R HHEERAS U1 ®Rd ST JadTiid ghe aTe? Usd.
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5. Ug I 9IS (Flue Gas Passage): 3®IAMSRAE g 119 URIS 3R,

STgR STGAYT STeR USUIRT TR &R VaTed gl
SIS (Working):
1. %g 719 warg (Flow of Flue Gas):
o SIOGRUYA der USURI TRY WY 79 (Hot flue gas) SHIFIHRHERA
ST I8 UaTfed gial,
o WY TN IWMAl (Flue gas heat) SISHHYH SUMRT UMUAT@T giidiRG
(Transfer) gld.
2. UTUgT gddrud (Preheating of Water):
o Ut SHHUESRAL Uazl (Flow) xd 301 Isquyd Ydlfgd
(Flow)gla.
o Teg TN IWTdYes aTult gadrdid (Preheat) gl SfTTOT ATOHM dTead.
o Jadmdid Uruft (Prehat water) SIERHE TaT HRd, SO SAoReT Uroft
TRY HRUGMTST B S dTuRTd BT,
3. JWrdT gAuifar (Heat Recovery):
o THHFMIER g T9dl SWUMl U (Regenerate) & IWTcd
3G HHT DH.

o B SYUMI I S SIaoxadl HRISHAT alé HRdl.

HTag:
1. $Y9 9=9d (Fuel Saving):
o UON gadmid (Reheat) STeddes SAGRGT U0 TRE SRUARTST HHT
ST (Less Fuel) 3{Tazdehdl 3.
o UMY ST d9d (Save fuel) BId MOT $4 T HHT glal.
2. IWrdT drI&HaT (Thermal Efficiency):
o IHHMATIIRTS AgoRdl SWIT HIa&HdT (Heat Capacity) dTed.
o IUTHT YT FHH! gl TN HTYFH IWTaT GAW (Regenerate) B
3. HH IS (Reduced Emissions):
o SYAT FHH AR TS gRATE I (Green Gas) s HHI Bl
o TR TREUMRTST (Save Environment) 8 Ag<aqul 31Tg.
4. Eﬂﬁﬂﬂ?ﬂ?m (Long-term Benefits):
o Y T g9d AT HRieHAdS ale IS SHHHESRY Mid BRI
SfBro ST,
o g AGAF (Life) aTed.
2.4.9 Juglex (Superheater):
JReIe Sigeal ®heddd  (Working of Boiler) 3MfoT Iwral eriemdd
YR HRUGNIGN 3dd SUgdd 3e. @ WHd YA dled, JWMT AU
gId(Regenerate) 371 HRI&HIT a6 BId.
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qRecaA Faffid q@uie Siftl qurguiges  (Contineous Monitoring &
Inspection) T WS 31fed aTeadl IdTd, ST SIqoR 3ifed QRI&M 3T HrRigm
(Safe & Efficient) s,

Main steam pipe
H

Case
SO
N
N R
N N
N NN
wuperheater tubes B § %q
OOrOrrrrMEEEETTsSy

Fig 2.4.9: gIRGICX
qigoft:

1. g8 (Tubes): YURBICRAY 3 TYsd 3dld, SAgR ¥ varfsd (Flow of
steam) Bld. U1 oIsY IHNIG: WAGY Wie (SS) fhar Mserdgzar (Mix of
metal) SHa T ATd, O SWIAST g H& ZAehdld.

2. AT (Shell): T[T THT HIGA AGHE SIS I, SRS I0TAT (Heat) STeR
WIS .

3. g0 (Insulation): gURBICR Slow 3go¢ (Insulate) Ho@T 3R], S
JWIT 319y (Loss) FHH! gidl.

4. goe 3fUr 3m3ede (Inlet and Outlet): YREICHE WHAT ST6C 30T
3{T3CTe UIeH SRIATd, ST 310 W YAz Hxd 310 JURGIC BhS dTex TSd.

5. URY T U (Flue Gas Passage): qoRgIcxAS Ueg 719 URIST SRIAId, SaTgR
TRH R YaTed gid.

HHIYOITSL:

1. &9 uarg (Flow of Steam):
o drgoAYH Furdol T JuReicde (Superheater) TazT .
o WU cgsuHYy Ydifed (Flow) 8ld, S ot TR gdl.

2. JWTdT g&IIdR 0l (Heat Transfer):
o TG I YWRGIeXA oA Sl Udifgd gidl.
o T TRF SWTdT SISHHYA SITUM=T WK ST gedidiRd (Transform) gid.
o WY d9HM aled ST o goRgles THwed uRafd gid.

3. Ul (Superheating):

o gUBIET ufhdued THd duqH dlede i, SO o dRe! (Dry)
3M1fOT 31 It T B,
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o GRS W (Superheated steam) 3% Hrdemdy w1f H=a 3nfor

ez (Turbine) 31 Ioif T .
tFI'CI%:
1. PTdedT a1e (Increased Efficiency):
o IWERS Wy Tafgdt Hrfesar ared.
o MRS WA Il 31 HRIeHdH aTiRS! T,
2. IOl HRI&HdT (Thermal Efficiency):
o YURGIeYS IVl BRI dled.
o 3P IWTAT GAUTE grar 3Nfor WA aae drec.
3. qTodY IUradT YR (Improved Steam Quality):
o RIS WY HR! 3¥d, S foear srfemdd are gia.
o THISTd S ToudTe el HH! BId.
4. g9 fafaa (Controlled Pressure):
o gWRelce EHar ad (Pressure of Superheated Steam) afad sra,
TS SR B 3ifid JRIE g
o JWIdT 3T gre FEfd 3 3ifie wriemaa IS At g,
2.4.10 U3R Wglex (Air Preheater):
T3R WigieR (Air preheater) STl HAEHIT JURUT HRUGMIS! SATOT Se
T HH HRUGTS 3 I 3. TTHS I TIUTe gral 31101 sRaE (Green
Gas) ard I HH! gid. TSR Weie= Hafid cayTe 3o quruiges drd g
3{fYF ATGadT AdTd, ST SIaoR TS R S0 HRIGH S,
qi¢oft (Construction):
1. S8 (Tubes): TSR WElcxud T fohar 3ifdiep dS@ ey 31 drd, SUTgR gdl
UdIfed gid. 8 sy HId: Ko fdhal U= sdco S&drd.
2. RS (Shell): T[T TH AT JAGHL 3A00G 3N, SRS IUNT TR oIS
7.
3. go= (Insulation): T3R WEIR de SIS HOOT !, UMD W
3Ug FHHY B,
4. o AT 3m3ede (Inlet and Outlet): TR Uigiexded a1 3101 T TG
gIdC 3T 3ede U 3rdTd, ST fohToft g1 Uaam SRa M drug sTeR
Ted.
5. Ueg 9 IS (Flue Gas Passage): UsR Wglcxdedl Ty 19 TSl 3rdrd,
SATGR TRH &R YaIgd sidl.
HrAyumSt (Working):
1. gadr warg (Flow of Air):
o TSl g1 TSR WRTexHe Jazl dl.
o B YSHUYA Ydlfgd gid, S ol drud.
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2. g 719 yatg (Flow of Flue Gas):
o SIIPRAYT STeR USUIRT TRA ey, 119 TR Wigexa el Seve
Yarigd gidl.
o T TR ST S[SHHYA SITUMT §AG] gedidRd Bld.
3. §d9 gdaru+ (Preheating of Air):
o UG I IWdHes 4T argd SHTfor fore drad= dred.
4, JWTAT YU (Heat Recovery):
o UBR WElex ey Tl Il JAUT e IWTadl ST HH! .
o B Ul U He S1geRed HrieHdd d1g HRdl.
WIS (Benefits):
1. 39 ¥=d (Fuel Saving):
o TS ZYF T HHI glal SN0 e ared.
2. 3WrdT dRI&HaT (Thermal Efficiency):
o TR WS Siaexd! I BT dled.
o ST ITAT GV Bl SHTIOT ST U™ HH! gidl.
3. ®H IS (Reduced Emissions):
o TR IREUTRITS § Hewqu! 311G,
4. QTATERUITAS JYROM (Improved Combustion):
o Ydardid g1 AR g Ulhar i Bl gid.
o Ul Sae- HTedTHes 4R SHTMT IR HH! TOR Blal.
2.4.11 B8 UT (Feed Pump):

WIg Uy digexan (Feed Pump Boiler) SRIGHANTS! 3fdd Hew@YU! 3115, Jdd
30T I qIE UTUf RAST e, IS T SIgoAl HRGHIT dle Hral 30T Jog
I GXATRUT HRcll. TS SU-T WG9 HHT Bial 0T Saoxd! HAEHdT YURd. Fafd
TTHTS 31T H\Iﬁw (Automation) BIg UU (Feed Pump) 3B ﬁTf\&IT'T (Safe)
31T fozaea S,

Figoft:
1. U 181 (Pump Body): ®18 U0a1 G871 U, S YU TR 3107 Uroft yargreit

fezn fMfzead exdl. 8 IR BRE SO fhal WAod WX od g1a00 3.

2. R (Impeller): 8 T fHRUMR U 3_d, S YIUTTST Tl ol SR ATHRUG:

S, B fhal WHOH Tod I a0 3.

3. TP (Shaft): TR FMUICAR TIGST 3R, S A=Al JerAM fhral. 2Mue

WA W@ [hal I goired YIURE Sao o1 3.
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4. e (Seal): g UU 1Sl 0T ZAMICHAT G S ol TTSUIMNTS] ATORS SITd. o
HTYRU: &R fhal SR Fardd UGN SHI0S 3.
5. Hex (Motor): U0 II¢aUaIHTa! Aiex aiiRa! offd. HieR faggd $otdr aTed T
M fhad.
SRS
1. T R (Water Suction):
o UUd ¥a&M Ui (Punp Suction Port) TroareT Gudsd sfigdl.
o Oroft WeRM (Suction Line) STEAHYH SO ST CaR Qgld.
2. UTWYTT gId (Water Pressurization):
o R (Impeller) RO YRATd HRd 30T AT0aTST Tl <ol
o SO sveugx (Impellor Blade) Urodrer grd drad.
3. UTogT faarur (Water Discharge):
o Tleod e Ut fEwarst ariéaed (Discharge Port) dTex TS,
o &S UEUgR ol SIgoxeT Ugkaae il
4. =T (Control):
o e UuHel - SUrTd! diceg S0 dhelo Rer ST
o © Riewy du=nr srgmder FUflRa sraa onfr sazadbdqarR arof
TRGST PHRAT.
TFI'CI% (Benefits):
1. gda groft [RE&T (Continuous Water Supply):
o IS UY (Feed Pump) Jdd UTUN GRAST Hxdll, SIS SIAexdE UToaT
SHHRAT BId a1,
o TN AITGRT! HRIGH FUR.
2. 3= qId (High Pressure):
o IS UU Urugiel 3= e (High Pressure) CIRRREL] ded\l, \sulij,o\b
SIaeXd! HRIHT dTad.
o 3 A U0 RAWIM SIgoxTS S66 IWNdT gXIiaRl gld.
3. TR (Automation):
o WIg Uy 3ficafes 0b<£|c’> RICIEE (Automatic Control System) I
B, SATHed ATl TR HH! Bld.
o SHICIHRMHeS Gud! HrAemar T fazawmiaar dred.
4. I@UTE (Maintenance):
o ThIS GuTdt a1 A1t Sd, SMes Al ST It g,
o At qEUTGHe YU STgHI dled.
2.5 YR §1gex Sl (Indian Boiler Act):
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YR SgeR Sl Agar 4iie! Siger Re JHRMAAS ST

HHAIII, el ST AU JRAAT O Saoxa] Faldd SHaHaNgd
R& AfRad axd.
2.5.1 drgovdl Aigult (Registration of boiler)

Sgexd! gl URA §iUeR HIEHEER (Indian Boiler Act) BIURT wfehar
&I'I% =AW gl ﬁ'ﬂlfUT (Manufacturing) dIUR,(Use0 RIURRBICR ﬁ'ﬁﬂﬂﬂ
It Al HRUAE A4, AT FEAMER, Td S1gol Aigul HRA™ dige) A
Tiges (Central Boiler Board) fdhal I0mdle Uk diger Fam® SUSGRT (State
Boiler Inspector) ATeAT FGRTTIR HoT ST,
1;'I'Ia?CIT(Process):

1. Aigult Tderur (Registration): SgeR! AIGuUiNITST dgex am® Hews fdar
TS USRS daex Fame SGRIe! 86l ST uifgal. S dgexd!
aifgdt, f&@®Tur(Boiler Information) dIR UHR, 301 SR 39z Hfgal
THTIAY HR0I TR 3T,

2. Higult wHTOTGH(Certificate of Registration): 3o PGl TRd HedR,
Fiqult THIUIA (Registration certificate) UG BoT SITdl. 81 YHIUUA SIgoAl
JaTede RISadara! (Safety) 3azad .

3. e enfor wderor: sigoxdt Aiqult FaamHaR, Fam st FRigon siieRt
T e ST e SR deed Siaexd! QRIGT ST S gHRad
D dId.

2.5.2 a1 {1019 (Certificate of Renewal)
TAIHRUT THTOIS Siael JRISda WE TGRS 6T SiTdl. e T8 $HR0
WIS TSYHTON 3T
1. SiaexaT AUl Adr 31T ad HUo! 3HTg 30T AT aToRTd SfTadid TRSl
38, (3R AiR=H®)
2. SO HATGATd fTadid fhdl WNUT HRUTE HaZHdT 3o
ECIRIERUR LI P REI CECE N I
3. THT AT guT ISATd SGo! BRI,
4, W&WW&W (Boiler Accident)
5. FIGIE] TEIG] HIT G0 6T UG dagl. (Change part of boiler)
2.5.3 gigex Fle® sgdt (Dutles of Inspectors)

sigoa FRigumde SE BN Siaedl Rigdad! @Rt "o efor &
IJATGAIdIG gl MAAuTd 39U, sigexal FRIg®HT MRG0 dxaF @t
SaugrTdt fafay AudSi qureull ool Siid, 5 i

1. fr&temor (Inspection): SrgoR=l W], YR, 30T A=l HAT@ATE]
qufdr FfiRed exuaret ARiem oo .
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2. HIugsidt aurult  (Regulation Inspection): SIOGRAT W 3P
AUCSidl dUEol ot Old, S B ad, diuHF, IO GRIET, S
HTIE.

3. AT ureAT ;- digean 9o fafay i areHr sftr aHwi
GRI&TaT FAfRed Bl

4. TP (Complaint) : THRT araqur 301 il fAEF0TG 90, S & SigeR=
AT b did FHIYM.

2.5.4 grgoxdl ggot (Transfer of Boiler)

SIgeXAT PRI YRV J1-0dT Tl ST g1 MSATd IGodiHT ATl

fqumi=ar JaFd=l WE gae! SiTd. ard foRad cwien SIERr 6ol STl

1. 3AYUT: 7 IATd digoxal gt e Flem fbarseraiardt s
HE FAHAld 0T Fid! Fad I 0T THTUTGETE WE % bl

2. WHTOTOATEr AT=aaT (Certification): SIOexaAT MRI&OT=AT FHIOOUART A=A
3O AT dGoUgNTal, &1 AT HamSiA il debRi=al AHbg
TR HRUATd Ad.

3. ufepar: Slgev=r FRIum= TR @ ar g1 SAd. S UgEal,
AT TS SHfImIiar ArfeRi-Td diedl WihardT SfIeRU H0l azad
38,

2.5.5 S1g®R Y401 (Inspection of Boiler)
g FReor e el R it Ao wEt Sarh ufsar se. ard
WIS GYHIO HTH e il

1. G¥gqdt ffteor (Structural Inspection): STgoR=l SRa-aT HyUidel dUI
H,

2. R&T JUBUI (Safety Inspection): IR&M JUBROMT AT HROT 3f0T Afeht
e GARET U, O B FREN Koo, a6 YA, TR Jah

3. gro-T quraolt: grd, qroyH, Sfor arofikar it deEr otfor QRigqar e
IBRENIGKEISEICIUS

4. WIS 3MOT WA (Cleaning): SO 3o ANTSl, U™AUM, 3for
ST Ui dgH RIGT I HRUN TOT ST GO UGl SFIHRUT Hu,

5. v e ¥4 Fameten siéfer greAT Sftr JRdrdd= @t Suaret
gffRad FHRo.

6. wHIOIaUY: fame s faumigar FRigomenr fafay g
T RO ATIOT ARGl W G,

2.6 4ff® w@ss giex (Thermic Fluid Heater):
yffd Tg3S Biex (Thermic Fluid Heater) § T I@¥ fdggd SUHBRTT 318 Sl
3 AR 3= GIETd 30 {dggd d1d Sl HRUGMTS! aiuRe Sild.
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7 faggdia e yftfe wggs (Thermic Fluid) aToRe a1@d, SOraTd Ay
RIS yard RAUd ¢ 3Med ST dYHH 9 14 3 e,

yftfes wggS (Thermic Fluid) 8t T I ATUHMIEN &4 3iTg SAT<dT aloRM fafdy
I AU Sid-gaiied »o . uftfe uggs afod Hruammd! ¥fifed Tgss gex
RG] S, e U Fg3s audE dredd! M1 e araRrear o fafay
gfshaiardl 4fHe au Rad).ufHie F9ss gleal T UchiAd e g, Th
Ui Tgss UY, Ueh AUaM o qunat, Sfr Ui rgss PR i1 SRR FH1ay
3M1ed.

yftfer Tggs S FRAYUTS! &) WSTEUHT ST

1. Yffed Fgss aRAR TRU: YHfe ugss gy dffie Tgss (Thermic
Fluid)y S®de xuad I, a1 4fffe Ugseel S« duHMER  dRAR

2. Sl YRIRUT 3Mfr Iaure: Uit dgss sicvme Ufifd wgse I auHMIaR
T&oc (Circulate) & 4ffid dT (Thermic Temperature) S@IfGd ®Rdl. §
yffer Ay fafdy IuexuiHed aTRS Sfd oY & Siiee uikar, @RI IdeA
BRI

3. aquE A uftfe wose dexddl U qruHH FEEr Hone! Sid S
Y Tggedl aruHH HERd ST .

4. GI&T IJUBIO (Safety Instrument): ufHd TIgs Flexmed IJRaM IuSHRO!
WRAIGIA YUMo =T R TET <vard Idrd, S &1 ald a0, iR UZR
Y, arrsixA Raad sardl

5. AIGRIT 3T S@UTE: UHd FPge glexd Ardui-e JfeT arae Qi 3for
RET T T HIUARITST 0T IUBRUM G HRUARIST IR ol
EIGH

Thermic Fluid Heater T e
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4o rggs Tlevd &I oif WdiouHT 3gd:
1. 4ff® wgss Circulation Pump: 4ffie wgse dicms uffe wgss
I AUITITAT U U 3. § UT Ui Ug3eal BleHed gaioe Hd.
2. Yftfr wgss TP URW: UG FPSeol dexdd YRoc HRUTNIR!
TS TRl S, a1 USWe AT 4He 0ges gievdd] aRaR &0
EIGH
3. 4ffe wggs glex & aru Circulation Pump: 4@ 7gss gicvas &
IR UfH® Fgsed dwqult HRUgMTE! Ue AW 1Y aRe S
4. f¥fe Tggs gex o yonet: ¥Hie vgss giexa aueH 9 aer g
DHRUYNIST Teb fa=Y (AT=01 YOS T qTuRST ST,
5. 4ftfer rose dleX YRER yunel: ¥fife wggs dlevny) uftfe vgeed Tur
U 31 d oa1d UH® 7588 IR HRugrd Ud.
6. Uftfr @SS Blew: Utid Tgse giexad (Thermic Fluid Heater) Ui wgss
AU ATURST STl SaTHes YfHe Gggedl dadH ared.
2.7 4ftfe w@gs TUIfRAET (Thermic Fluid Properties):
e fafay Siefiies SrIymTHe aToR ST I g
SWT fRRA(Thermal Stability): e tggsdl IWT RRAT 3@ dUHAR RR
3{Te, T i BHIes fdehra.
3w faRRry Iwar YrRur &mar (High Specific Heat Capacity): @it fa=is ST 4RoT
& 3G O! gal, SATde d STHT AN B dHdld S0 Fago T H= FAahdld.
Low Viscosity: @Ml 3dl, M@ d Afewl Ml IWidR faHmasdas
EoRIAT SIS RAHATd, TS UItHRT Sl gTe STazadhdl GGl HH! ST,
Ut Wi fag(Low Freezing Point): &t WifohT fdg siea uffe uggs ug
BIUR 16T, T U AIdTaRUNd daedHdRa! i HIY Hafd a1e 3.
I= WA Uise(High Flash Point): 3= U631 Ulae 3 ed 3T 3M1oft Thic grogrn
efehT HHI B,
faAfaur(Non-toxicity): cafad fdhar 31 Uisaeazll WU gIuaTd! AT RIS i
feAfauRY s,
ST AYH(Corrosion Resistance): ST AuUH AT, STHTAT 3T T HRIGA! DIl
3Tl
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ez (wRftae)

Unit 11l REFRIGERATION

fawg fAwa=it (Course outcome):

Select the appropriate Refrigeration system for the Chemical process
industry.
e (R (Theory learning outcome):

3.1 Explain the working principle of refrigeration.

3.2 Explain COP & solve numerical based on units of refrigeration.

3.3 Use primary & secondary refrigerants.

3.4  State selection criteria of refrigerants.

URdifdd (INTRODUCTION)

u=MaA (Refrigeration) 81 U Y€ HRUATE! fohdl 3MTe, Y JWIal (Heat) digd
TIHU IO I dgdE (High Temperature) ®Tg Ul STAAH 3d. ATHS HUl
AT 3o dqHMTh s 3WId §4qUard (Transfer) R BUrs! Uil g1,

u=fids & we HR (Artificial) fhar araffifa ¥s sruarh uga . ame
I Dlgd TIHUTME! MO IRAfdd AUHMUET Sl dUEHd 48 HRUgrET Uishar
THIAY 3.

U=ild (Refrigeration) dt =g

g, diges, STet, HeU JRIRET YTl YTl Jdd RS Y TR Al U
JuIBTS! BTGP HIBIdd Udwd. § Uard "gH IUdsy g3 Uehl e Ui gaid
S A TEHR QRATd AFTG g o JRI&T STuarl TRl 31,

fafaey sruard (Food Materials) diTatTe f@ToN Iuais BidTd. oY GR SRIcied
Awigdd d gRUTT (Good condition) TraTd ANTANd. Iarexond, gy, gur uerd g
38l T TSI $g, Hapeda dx IR aidbHl Hesudd fiH- JTguar I
CRCIRSING]

QTTavTeAT Bd (Seasons) ATATA! Wes (Fruity SHTOT UIsdT HRYR S0 fHesdrd.
e A9fife g (Natural season) T Wige! Jaad ST, HiGAT FHTOMER
3{TAcH Hes § HTSAT Il SIS, A g quHR il 311G ol Iral, JrTa! SIuor ot
fehaugre ugd S,

IR 3D TSR TUS-HRST], TRid- A0, HicT, HR!, AU gk afqy
g THRMIE! fesmg dad STTara. geah & Uard fawag! .

I ERTT AT 9 STO0ATITST U681 G8T STSIRTd S A1) -1, T STl
I feauiTdie WM U ORI HI3ddl. gURT SIqUTd! TR deid 3 3dl, T
d Tearepred! fdar gu=an feaxitet @rdr ara aridig! 3 fehauara die! Ugd! aTuRdl.
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e fowmmed! wRidd 3 ddg@dieumE TR SRAd.  URfia=n

JIORIRIGT SfEUer SR HIe fewhiadT ad AT,

3rAueT AT SaRd 9 I HIRT WGl HIs [epfauarndt uxitadt TRel
3. T LT fEHIUMET 3R Uerf QRaR AdMT d RIS 813 10d ArTera! U=idat
AHAT A, ThT 3R0fdPd Bdd dOR BIURI Hos, HSIAIel 81 g9l Bd
s fquaraTdlal URfid=ar TR HRIal AR,

feaTeaaTa sifd Y2t fohar IeTaTda ISR AU SRR ged. el af
a5l BAY Wdldid gal STGR SAUIRIT3! T ahRUMET dIuR hRIdl ANTGl.
sfagm: (HISTORY)

u=Ma- ufehar (Refrigeration Process) W 3101 AT BTl 3faATe TREUT
HRUGST aToRal Sffd gl URid=Ee  Siiam] (Virous), TR (Yeast) 311for 93
TR GEASTara are Waey gid. e sfaueridr A1 7 §I0d™ Hed 8. §
g sruerd S e (Low Temperature) ST i AEAUANITS! dluRal
SITdl. ATes BTl ST 3 Al T SFTE 3 a8 AIdqd dadT Idd.

gaten @ s@uar fewaa (Food Preservation) 39U g1 HIGT UY il
3rFueryfd IWT gaHMM faumuEh (Bacteria) aTé 8Id 9 d Foldid. ¥S gdd SM=M
fauTufEt are B ). ATHes Yaied HI3t s@uard Us Siid dad. fdal I, %es, yred
T Iidtd fidrar w1 Do (dry) fhar B & dad 3. 4TI AIeauardmRal
TETE! 7T fdhar S Tgsarn aTR HR1d, TR 3= fowrult Saciedr ueryfh fdbar
YTl 94 9 919 dcad 3.

TRfias RUPoRTM) 8T Yo SHITd WYH SNMREE @ JHF didi-! Jafed odl.
b UTUR § T URY AT UIqUREA SHfdoed Hisad 1dad 3d d 3 His SfEFd I
3did. 5. 9. 1800 HY UYH FWhidl U<l (Ice box) SHfAUa o, a1 Ui fHammia
HUSUIRT §% (Natural ice) HRd 310, @S AUGR feHUaRl &Hd arear. TRq a1
geryfer Iurye Udkda 9% faded o). afRomdt a1 Odtan arR oiRa Srarashieidr
&l YUl T Bid Togd.

S. 9. 1851 He Thl ARG ARG gaar v WRITdT I (Refrigeration
Machine) SHfddl @ IR 1860 A Bl RTA T e ARATH ST ufgadl
ITBoREE AR Tt f9eR haeild sufdd. 8 AR Sfeqiu™ Udiar (Absorption
System) HT FHRUR Bid. G 1890 URIT Hb-dhd ThoiR¥ AR (Mechanical
Refrigeration Machine) aTIRTd 3Mcl § AR SfeHURM ARAAET AR HHI ST gl
T,

XAl g1 AT AR $acs SEhIH 9 THIAT SATGATd Hdl Silg, ANl
TR AR G fARFARTeA1 A= Rl I a1 81 FTel.

T ®lel auid URIAH § @ diexul I3l TR SUTed™ 8l 3ffg. e
JAGTYRUMOY 50 DIt ARATUDBT 49% AT TR ITIRTT 3M1R.
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G ATRISRISRd e &1d (Industrial Sector), @Re® (Plastic), Wd

(Fertilizers), T (Wine), 39¢ (Pharmaceuticals) SRTFIHED T aTR el ST,
g HTRIA RAUeR, Yadue! sard! et u=ftaq dFiar o axaa. siEuard
SATYITAT YR dhies wIRSl (Cold Storage) dTdRdId.

FHo=T1 (Offices), SURRYE (Theatre), foUe, ATedie SAGIHS B BRI
AT JIUR HRld. HTSIbId 3G WeTalde! YR d diarbaldbRul Al TR
EINGRESGER
wTufe ufta (BASIC REFRIGERATION)

geryfdt TR=AT (Structure of Matter) & Uerd 81 @8H @8 HUMURE S9aar

ST, YU U HUT g1 T ardle 9d Ui SRadid SRIdl. I1d dg HUle Y0]
3R U, UGl YUEe TNl SRId. UardTe SIawiT g e YU siaHyur
SATR AAA 3. HTHYUT AT HHIOR THTUMERS TSI i SHaRT (State of
Matter) Grﬂ%?f

1) U7 (Solid state);

2) 2a¥17 (Liquid State);

3) alg=4 (Gaseous State).
1) G0 TR T AR YaIu X0 (Atoms) & Sa@ §4 (Bonds) Sitead
SRTATA. AT XTI BN U 3-Td. Teri=an a1 Siaeel fafkiy 3R SeR Sy,
2) TaEY SART: T TR Yardd 0] 3 G S Sedd SRIdTd. aT U
3TN § Y=Y UGTITe] A HH SR, a7 Hadid Yardiar al S Y sl
T YIS DR YT B,
3) TR SARIT: T AR YGIITd Y] § gl [qHaTd (Separate) SRTdTd. Il
JudTe SeHvur geiernfia srad. a1 sraRdia yarutan fafRy mm SR =,
ol (Energy): TETRN UeTdTd et ®d (Work) HRUgmT &HdT eoreid o Yariidt
Sl B,

UeIY{H g B3 HUMIT BT WREUTd Frord HIUT el O, TS ST Thd
IBUSId SHord T i, MKS Tgdid $oll ogd a1 Thabld Hielall oid, dR CGS Ugdid
311 g BHord Uhdh 3Te. HIATIHIUE Holl ol G G =M offe. Femiae SHofd difies
3wl (Mechanical), fagga Si(Electrical), ImaF® $Heti(Chemical), 3OI(Heat),
UHIRI(Light), ea-t(Sound), 3fta® (Nuclear) St 3ard! fafdy U semdra.

SHord g TE JHR TSdrd
1) TfaS St (Kinetic Energy),
2) RUfaS St (Potential Energy).
1) Tifast Seit (Kinetic Energy): TIAM AR Temrid SRIOTRIT $orell sl $oll
31 TEUMTd. IXGAM m URT YT, v o TiaAH Sred Tt el ol Jeid
g fied -

TS oIt = £ mv?

2
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2) Rufasr o (Potential Energy): TaRN S0 FRIFRTAT gedhin IRERHAUE
RN g a1 gehAhd b dge dr IRId St SHolf aHgad 3Rad, faer @
IR fRufas St 3R urdra.
m SRATTET Terd h IR AT SRdT AT ISR g Tde Fd 8 B . e
fRufet Soora geta 9 fiea-

@Iﬁlﬁﬁf:mgh

B (Work): S 30T g fohd=ar I8a SO AR+ gien aRaH=l UMaRN
ST BUrard.

UeTyie 90 e SRIdT faRITIT 98 ST 1 g,

& T (+) fbdl FU () 3 Wpd. WHS! Terule R sarm R g,
A T A dad S ¢ FAS Sd. I3 Aidest AT Fared favg fegm
Bl a3 T 9o Had BT BT FHeId ST,

TerUfaR F 90 Aaed A S faRATo ST SR Jeid YATae HIedld -

W=FxS

e (Power): BRI HRUTTAT 1Y ! 3 FUIATd.
kit = BRI / BT

w
t

P=

MKS Tgdid srard T ogd (Joul) § 6.  HIad Uhd Jdha g, G dl
TGaid ek Thdh oJd / Yoha 318, TR ORI d¢ a1 IRasre IHH1Y a1 ThdhN de
(Watt) 31 TGUTATd.

IR ekl ASUIRITST 1 faaide (KW) a1 HiaaT T ITANT dbell ST,
1 frdide = 1000 d¢ = 1000 g / Y,
CGS UG I Thab 31 / TG § 3HTe. RITIRATHE i1 HISTUATITST RIS

(horse power) AT Uchch T dIUR aferd &ﬂ%
1 YT = 746 dc,
YT G THRH gRifddTd.

1) fRfa sry=reRit (Indicated horse power): &/ ®RuarITdT daram (Work provided
to machine) Rfadedr far dard FHfor saen (Work produced by machine)
RIS GIRId SYRIGAT FgUTIa,

Maharashtra State Board of Technical Education



WHW%@W (313339) Utilities & Plant Maintenance 313339

2) SUHIfoIa YRR (Break horse power): ITaT Rideredn fdhar T1d AT Smeiean
TSI Hlal HRT BT I fafae HRTiean avoumaed (Friction) W gl @ IXaa ad!
B T3 ST HRUTMNTST SUTSH Bid. IT ey ST SYRreRit 31 wgUrdTd.

a§ (Pressure): Thd &AHBTAT GEHTTIAR od AR fohal HRum=am daren
URHTOET 1 g8YITERId i (Surface pressure) 3 UM, Il SRS BRI
AT Had YIRHTOIET faaR oal SiTdl. TUH &1d ot Hifdd (Physical) =it ST 311

A &GS GEHITIAR F URHATUE 9 dF [ &1 diid $¥d aR I JEHRTERd
aTel P WTaite A fBesdl -

p== fdarF = pPA

JIdTaRul G (Atmospheric Pressure): Geatedl GHIddierdl gaedl TR
geda GTATaRUT BUIATd. GRaTed HIH NS § dIdravyl TRl §G 3Rd. §adl o
SRIINes §aT Gedieal YEHETIAR (Surface of earth) @@ fHA0 #xd. 81 a6 ®UE
JIdTaRUl GI9 819, GRdted U SRl St ared auadr 1 3ol ararerum=n
31§ H HH B ST,

JIATERUN G4 HISTUT=aT ISR SATGIGHT! 3 WUIdTd. YTl Jiefl garerardt
(Mercury Barometer) J&IaiHT0! TR $HRdld-

YR 0.5 . Hl. fqoarart 9 | Hiex didiel HAI0 dradl 73! &, 5l ! UG,
TS d PRSI U YU HR1. T1d IUS b TSI g PRI SATdl Ao 1d 36 sg
Hod TP TIRE Ui U=iTd ged MR do 7! Ius! BRI TSI dg dhald
TP UITd AT TR 33T Higd &1, HTURTHT WA Ius! 7! IUt &,
3ATST Hledd TSIdId Pl URT TIRE HisUd dsd. Toidid UM/l Uides! UERe
YiSTde UT=aTeaT U e skid 3 3.

e {
|G ERYIE R C

qrT

3R UHR ATAEGROTET G161 U=Tedl WHre Sdi- faRifadid. Iggaarcian
qTATaR U= T 81 76 9. Hl. Il 3¥eiedl YAl UM fadedn Sremudel /&l 0°C
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AT 76 ¥, 1. 3 rcedn U WA G g9 TUed U ddiaRul ale

(one atmosphere pressure) Eﬁ?:[
REEREICER
g =9.8 m/s?%
Tl WHET S h = 0.76 m
0° C dIYHH™ U= g9dT P = 13596 kg/m?

1dIdlaul ald = hpg

=0.76 x 13596 x 9.8

= 1.013 x 10° N/m?

fpar = 14.7 Ib/inch?

9 g9 (Gauge Pressure): 8391 fdhdl Sara graral A6 &9 WU, 81 &l Agdl
qIATARUT GTSTU&T SR 3. BT Td YRR ol IT SYSRUIH HISIdId.
forafa gr@ (Vacuum Pressure): Fafd a1a g1 =gH! ardiaRul GlaTden HH! 3Rdl. g1 ald
PHURSE TSl AT FGHRUM HISIdTd.
JWTAT (Heat): Terdie I0rar feed™ & dT9qM dled g Uerdfdid Iwrar HH dbeard
T 99 S gid. U1 Hret fafRry uRfRudia uerufer Iwmar fowam & g siaqd
%9 3R fbal 59 TR I AT FUR 8ld. Ioreuel Terifdia IoAT B
S AT IRRUIGA S UTd fohal SaReUTq RIRREUTA SRR Bld.
3yde IWT (Latent Heat): TeTdle SfaRiicdR SO ATl TR Soll YRaTs arTd
fhar i Suif HH HIE AT, AR IS Sl Sard Uardie  argd e
aTed G SHoll HH Hedrd drgH HH! Bid. TUT TRITAR BlaHT Uy dad T d&d
gId ATel. TEUM SHaRITARIN HRUNY SR IS 3iehe 38T I UTdId.
GdurEl 3Ude IWT (Latent Heat of Fusion): dgdH d gd fRRR {aHT ke
TIAFTT R, UG AT SaHUNaR, Said S aidiRd Il Sl ST Jg0T HRdl, T
JSATAT Uerdfea SaulTe Sidhe ST TeUTdTd. Saul IdMT UGI- T80T dholell SSAT &
M MU BIaHT A Jad beledl 3P ISERISR 3. %Al GqUlldl 3UdHe
3HT 80 Cal/g fdhdT 144 B. T. U. TdaT 3R,
STSqATET 3fUde IWT (Latent Heat of Vaporization): &id d diqd RR SR
Uhd IRGAMTAT SdH ATl ID AP, IR TUiaRd gid ST Tgul
HaedT ISR STl TSI 3{Udhe IS IUTdd.

UTUgTAT STSHTRI 3Tehe ST 540 Cal/g 3%
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qrUgTe 3RRTd SMRRUT  (Anomalous Behavior of Water): Fa@IgRUMU &4
AT AT TR §1d g dl 4 Hed e 3H1$a- gid ¢ STauiy AGId 3iTg. oy 4°
C AuyHRaTal uroft a1 FEr sfudig 3i1g. AgHI=A digHEE Uiult 93 o 4S aRd
TN YUY @Td 31 e (Contraction) Seid fG¥d. 4° C AMUHEM glRUUd GI0ar
S{TERUT A 3¥Yd. GUT Y101 dTYHT 4° C Y&l Sl Hed I 3HIpa F glal TERUl
UTad. JaTd gTudTd ST SER0T FgUrdTa.
RIS IWTaT (Sensible Heat): TaTufam IWrdT faelt s/l @re dUeE ded. oo
AT A9 dGd g ddl. AUHMd 81 dad U dIaIShrA] e His)
Tl SR THRAT IUTAAT WIS IWdT UK.
fafkme Iwrar (Specific Heat): fid uerufr oxifde daoeAMdd TRA SHROGRIS
AT YHTUNE ST Id! ART. TeUSTd Uerdid arode 1°C A drefquarardt fdar
1°C 3 HH HRUGMNTS! S IO Irat fhdl Higa &dl AT AT S T Ygrid!
fafRry Iwrar 3/ oA,

gerytd ARy Swrdr g urvaren ARy Il qa & dredl SiTd. Juar
fafRry Iwrdr 1 Rt 318,
Th Al (One Calary): 1 J9 UUOE d9dM 1°C A drefquarrd! fdbar oo
FHRUGIATS! TTut Sl ISHT TUT HRd fohdl TR Tl ATl Uh dhas! SSHT 31 TEUTdTd.
T& &1 A. G, (One British Thermal Unit): 1 OIS TT09Te 199 1° F 3 ATfAuariat fdar
HH HIUARTS! UToft S ISAT UGV ol fbal dTeR <lebd &Tell Ueb off. €. g, I 319
TEUrATd.

I HISuard fofes ugdidrd ol <. g, & Thd 3118 IR Hakl § Hich Tgdidid T
31T
IWIA HHHUT (Heat Transfer): Teryiar Iwrar foelt sRyar yaruf=n T HRTOREA
gIT HRTTdhs IWTad THHUN BId 9 o ¥l Uarf TRY gid). SWIdd AHHAT Jeid i
UHRIA! gld-
a8+ (Conduction): TR teryfer Iwrar feelt srqar uerufe TRy grad w1 smua
ST <1 SCadl ASTRI| BUIHT SdId. 31=1 bR Wqul gerd TRA gral. a1 fhder Iwida
g WL,
331, TEE Age! Yosal Ul CibTal SWMT [l 3Rl 888 o 9qul @ TRH
BId.
SIFYRIRUT (Convection): TETR UeTUTar IWIAT faelt 3rgar &1 Uerufdie TRH ST Ul
3T ST Higdrd. d ot Reprdl dielell ST 4€ ST Udld. &1 fobar syl e Igd
AW Tt gt TRA g, a1 frde Iwrae 3fRUT (Convection) T80T, GGy d
IR yeryfadta IWrdd AsHHU a1 UHRM B,

341, ISR AUd daciel groft,

IgeiA (Radiation): ATeaH TRA 7 gl saadat Uerd drad! 1 fohda Iwrad Iqod
31 UM, 34l YA SUAHeS §al TRH - gIdl STH dTdd.
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ATYHT (Temperature): ISTAT 31fee AT 3RICIedT UGdidhs aTgd Aat ofid. 8 Uarg

St oifde =R (Physical Unit) TeT terifegd gaam Uefes Iwid=n vagrl
fa=m ¥ ®Ha @ =M AUEE BUrdid. daodE g ST uidet g1, 39Tl d
T a1 S o e 3iTed. druee 8 U gayd IR 3MTe. o= didl], aRgHH
fhal & a1 GAYd Tedidl ITART S GRifdal Id el BUHT T, 3. (Sl)
TS A g =M TR0 9gT Jayd IRAU®! b HTl ST,

TGHT H&Ad: T UgaHed Hiolel §Td
1) i’
2) BRIC
I 3 GTdidid JaY SRIGUIR T YETeTHTor 313-

32 Cc
F__ = =

9 5

Sigeran 9T (Boyle's Law): aifa d9dM fRR ST ATl G 9 SHTHRY dTdid ey
1 e i I,

da RR SR fededn aquMrAT digd HRAH, T d-aRid GleTedl A%
THTU 3. JHST, IR G P 3R A/ ATHRAM V 36, R sigaa FaaraR
A RR ST

1
Va-=
P

foar PV = fRRI® (constant)

TraTal | (Charle's Law): 3gem IWrAn fadt SRaar df TRRUT Uradl 9 48 dall
SIRIAT TG T UTad). AT FOHaR aasd o RR S{dHE], a0 $THRAA a
99 ITdtel e T Al Freaar Fag QTeiavHmo)-

AR gl RR SIdHI, fededn agaMrl agd SMHRAM, Fddh 1°C drudT
dTefdd faval AUET ST Bl SR, AT 0°C A1 3Rcied] HHGRAHA I 1/273

J ared fbar HH g,

IRIERIT aTd IR 3R, T STHRAM V 318, AT dT9qMH T = aT6 ded™ ATaae]

FAOaER,
¥=@R'i$
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RERRUE
1) 40° C ¥ °F T ¥UTaR .
3TX:
OF = 2 C+32
= 2 X40+32
=72 + 32
= 104° F
40°C = 104°F

2) 77° F T °C A FUTdR P

u]la

o
(@)
I}

| ©

. (F-32)

= = (77-32)

ul]o

= 2 x 45
5

= 25°C

77°C =25°C

TRitaAr=aT Ugdl (REFRIGERATION SYSTEMS)

T fafkry S IO MY 93 o STt dIdiaRund dige fadl .
A 1 ARy S dUE™ HHT gid. ST eidd d9HH $RIH SaUarIa! o
e (Refrigeration system) 3AO®dl 3@d. WUHD TERN ARY WA
JIATaRUMUET S dHM DI JRGUTAT Ugdial AhoRRH 3 WA .3Wrdl sl
3P ATTHM SR SN b g HHI a3 SIHhs dlgd 3RId. S a0l
hoeE Rifeu=n geram TarEy SIFldd d9aE S8 SRdl drd ddl &1 Sl

HiadTeredT IIdTaR T dvaT g S 314,
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31 dodl § I AUEH 9 AT draqH e R B SIudIhRdl &l
SRIad SWUARTY® Terdf™ (Heat Insulating Material) STaR0T @14 @RI

IFRRM THS (Refrigeration Unit):

MPoRRA Wicd! &HaT AgHl YTFoRYA T HE Hisdrd. dTel IRl G IayHTo!
" IR A=A &l Wi 24 dNid 1 Afde® o1 9% dGR & Udhd fdhal 72,000
Kcal Tde! IWrdl MY B3 dIdIaRuNd dig od, 1 A=ie fdvar wied! &mar 1 ¢

1 ITFoRTM e = 72,000 Kcal/24 hour

= 3000 Kcal/hour
= 50 Kcal/minute
Frdgrmadr quie (Coefficient of Performance):

TETRIT R Hrdemar gt faa S drfae 3faard. T=i+ fSraen gamng wrdr
YA (Absorb heat) Bd @meR fodt Srdemar arfdara. TRiH@ g Harid w1 g faa

Ridee B i ORI HAEHET 1016 BUrdrd.
SR 70T (C. O. P.) = et &1 / Ridad &

SR N Td¢ AR &1 dal 9 fadl W Tde 1 [Rfded Sed, Saemddl 0
getayHT forfgard-

K==
w

K BT g 1 T&fT ST 3.
MFSRRA=AT UE &F UGd! 3iled.
1) @R HEIRH faf¥ew (Vapor Compression System):

O%HQ HIYH ferdr Aashea Rikew (Mechanical System) G@?’f BUIdld. g1
Tgdme gifie Sl AT HRua 1 SRR (Compressor) &Rdl. a1 Tgaded
fThoRe araRaar 3rAd!. YfhoRe (Refrigerant) 8T 9q0l Ugdmed fha sl frarmn
AT AR Tad . T UGdidied YishdT Yeld IR TWid g Ad.

1) SIWRE (Compression): S@URCIHS TAdl HH ad (Temperature) d aE
(Pressure) 3Tl dig=y IfhoRe (Gaseous Refrigerant) HIRRRAY Idl. HIRTIHE
T G fPhoRedl g1 9 d1Y dlefdal SIdl. d df JhoRe foqars as"He bl
ST,
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2) HSAUIH (Condensation) : HIBRRA Hdbaal (Discharge) ey fhoRe
&St aRd Ay dHe~aRAed Ial.

eIl AT BT AT aR=y AboRe Al IWd YA dddl .
UM IGEY fhoRcd dhe~aval dlgR TsUid Gaxauld Uiar ged 3.

3) THUIRM (Expansion): He-sRAYA Teidl ga=y fhore (Liquid Refrigerant)
THUIRM ®ledded JTdl. AT ATal 1d HH! gidl. 9 Il 3@ureAs] Tl Fafo
BIdl.

4) SRURRME (Evaporation): S@dReAe IpoRedl Tl g I aid d did BT
gIdl. ORUMH IEURAL IWMAT dl b= UWSA Udl. A MboRed IrgFUT
IR gid. d 81 IR fThoRe aRH ATsTHYH S ISRl SiTdl. 301 ISR gl Iadd
Held AT M.

Il Ugaae géld YT Siead Srdrd-

1) HIBR (Compressor): AMA! IRRITA FAVHTY I DA 3¥d. U arell
IMThoRTA Rierd a4 (Heart) 39 WBUAI. SeURCTS dRIEY IR U Tl
MpoRe BT HH! &1d d d1Y el Sdl. 34T 81 XhoRe SRRz Ja-H (Suction)
ARTHYT BRI ). HIBRRAT SR T Jhokedl a9 d a9 dleiadl Sidl a
O fETarsl dsAae) el Al HIBTR BT AboRe Riernedid ard 9 am areR

90 $q0 YU Aed A TR USqd UL HivRged 9qul Rikcrdds

o

fpoean yarg (Flow) aTe] g,

Auto Expansion
Valve

Ld-
>
1 Accumulailor Evaporator ~
-~
- HPS
Prcssure
Compound LS;{/ Gauge

Compressor
L. H.S. « Low Pressure Side (.. P. S))
R. H. S. «— High Pressure Side (H. P. S.)

BT X S 92 S ES1IST 9SGt
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2) fegamst @ga: (Discharge line) YfhoRzA Rifeumeid SRR 3MSede

(Outlet) T He=Rdt ZaE (Inlet) THT SISUMRT B T3 3. HIBRRGS SMdl 3
SIS 9 dTaTdT A& Y bk He~Ras algd HudTd B 5 A P,

3) e (Condenser): e~k ¥g HRUIMIS! (Cooling medium) U gdl fdvar
groff aTRS S, STt asHYd Sad fhoRe dhe-aRHe (Condenser) JdM
JTdid JUIAT he-aRYIdd sreiad uroft fdsar ga1 <My dd. uRumdt &t g9 9 dm™

AT GaY AhoRe TaR Bidl.

4) RRIER (Receiver): HeRdl 3MAcae d fofbs RiYgRar sheda 3d.
3! WU, SR WicHe R oied Tavadhdl 3.

5) fafers s (Liquid Lines): R siidedic 9 TaUiRH ®iedd (Expansion
valve) Sdc aAed g Als Shedd! 3RId. 1 Are—ar SudnT RR@R® g (Receiver)
3ITATT GaR=Y PpoRe TR sgleaudd TraduarTa! gidl. a1 as—aR SRR (Drier),
TR (Strainer), fafe $fedber (Liquid Indicator), AlgsR EfE&Herx (Moisture
Indicator) TS HTTT SHSaa 3.

6) TR (Dryer): XThorA Rierqsd a1 (Vapor) TR o M JUaridt SRl
IUINT Bldl. SRR I THRIUIRH &led=dl (Expansion Valve) dISTaR a FUiaR
Sd (Silica Jal) T8d BRI FIRSS, HICRAH RIS § Ygl IR, SR gl
TR TULAR! b B,

7) TRUIRM @ied (Expansion Valve): 3@UIReIAN gcedl g1 ®ied Siigdl S,
RRIGR®H g U Gawy ApoRel agaR FEAvl U HR THUIRM &ied
Hal. TRIUIRE ®ieades <fhoredl ad (Refrigerant pressure) &H &al Sirdl
IMRISRISR AT dTs! HHI gidl. 317 81 HHI el 9 Grarel AhoRe s@aRede
LT WRUTA TR Hal. AMes IuReIAT Hafeid SRldid IWrdl df Gedh =My
gl IR SR UREIAN TS eaetid Gaeur aigEy hoRcHY iR gid.

8) g@Uvex (Evaporator): TaIUIRM ®icddb g A hoRe IRuRexHe Tl
WU HH E1d g dIY 813 Tal. SeureRt Jafdd sMe uerd daaa 3rard. @
Teridid SWMdT SeUReHTd fhoRe WY ©dl. dMes MhoRcd! d% Bid. &
qIgEY IBoRT Yo HaRH Arg-H S,

9) RRIAET (Accumulator): BT IRURCIA! 3MFHedle I o= gl S-cic AL
SIgad Sl SeURCIAY IRy = HTeidll ThoRe HISAuamTdt SfagRcicdl diiR
BIdl. A Had Y Al daeld bR SRR Urdddl Srdl. SfaIRIdeR &t
TS TR Als- &l SIRd AT Uidhes el (Tube) 3/,

Maharashtra State Board of Technical Education




SUYFTIAT T UfhaT qEHTS (313339) Utilities & Plant Maintenance 313339
BIIRA SR Gy ApoRe Tl R HIRIRE a-H 9 f$9ar glca Red

(Rids) WRT4 a1 qevamar IHa S/,

10) &M 159 (Suction Line): SQURCRPST SHAId IRET ThoiRe HIBRRUId
AR B FIRH AT P, PIRR A1 EGEd HH! &1 g AU 3gelel IGFY
3fpere HIEREE Id e,

fefeeHHed garfed rrum=am XfbeRe=an qreTaRe RfReAs! < faunT gsdrd-

1) I AT 9191 (High Pressure Side): SRR fST@TS dhaan hoRe Iwdd
SIS ST ST YRTIA VaTed gldl 1 HRTHT SHIY Som=aT Sisall S=ad Ga! &9,
RUAI. 1 SO SRRl 3fTShede, feudm™ dsd, de-R, fofhe RRYER
TRIYIE ®icad! 3-cie gidm 3faHia grar.

2) gAqH grardt §r9] (Low Pressure Side): Rifed=an S UM g9 SrEml
MpoRe argdl A YT FHIfAy  Iom=AT SIS[ell gAY GlarE! a9 38 Wordrd. ol
A TRIUIRM Gleddl TS edc, SRUNRCY, YR Als d DHIBRRG! e T HFTT
3fcHig gIdl.

B RifeT=a1 Faaed R HiuRH Rifiedd gdid TeR gsdrd-

1) AR} sRURer, RivTa dmReR fRffew (Multi Evaporator Single Temperature
System): IT YHRMH Teh] HIBRAT i fdbar 31fdid TRURCR Sedd RN, Bl
SIS uft IR b TheRue 3.

2) Al ermeER RIfed (Multi Temperature System): a1 U&RME qF fdhar 1w
TRURER fUF ATUHMTER ST HId SR,

3) @ ¢WRER Heel Wol RfRed (Low Temperature Multi Stage System): &1
Rferael Hdl, 99H 9 3 g9 3R diF AT HIBRR Shedd SRIdTd.

4) gHfew Riew: a1 Ricr e HILRR 7 f9ggd HieR 81 Udhra S (done) A UHhTT
MR FHdad S 8T SIH dics (sealed) 3dl. gearay a1 UhR ey Hdw
SARCHATSTT aTIRd. T 8 SHRCHERITRT S8Readd d HHRMT JThoRR-HEg!
CICRGIGH

5) dwbs faffed (Cascade System): a1 UsR=n Ricrwsd gF fhar e
ITHFORTM ArIp e [ TaReUTd BT Bhld 3RIdId.
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R fqard f{few (Vapor Absorption System):

\HWCﬂH TRafqeTyATY a7 bRy RIReHAs S ReR (Generator), HeIR
(Condenser), TaRIUIRM ®ied (Expansion Valve), 3@UReR T Jedlerk § U@ HR
3AGATd. IYT Wicd! STH&HdT IS fIuarra! gl TRTToR, ISR, AFeHRR & HFTE!
SISdd SRIATd. e IRURCR d Sfa¥ieR § RIReH=T HH! GIETedT Jo@l Ho-uR d
STRex 7 Riiera 3= qara a1e[a shedd Srdrd. gt Rifked géia HnT Sig gof
el SITd- (3) TR, R) AR, (3) ARBRR, (¥) HSTWR () THURM Zled, (8)
TRURC, (19) RRAER (Receiver), (¢) HTHTER, () Ble THAAOR (30) TUT.

g1 RiRermed YMhoRe WU ST (NHs) aTuRe STl § Sfedisc QU aruft
JIORTIS 3.

1) He-aX (Condenser): IHY I G§ d AT QA AT 9% dd (@FFY
3. PeRA BT ArerH WU Urofl fohar gaT dToReldl 3d A argRy
3T ga=UTd FUieR Bidl.

2) feRIE@R (Receiver): €1 T <! SR faom ST HeRAYT 3Madl Ga&d
AT ST STUATITST el ST,

3) TRIUIRF @led (Expansion Valve): RRIGRAYA Jum=a 3@ qE=AT Sa8Y
AT ST HH HE SeURCIA HAIDHATIR SHIIT GRIJUIT HTH TR
Fled B,

4) U (Evaporator) : I TaRIUIRM Gledqyd HHI Grarl SET (Ammonia)
Idl. a1 gd SAIAT- Haftd SRl IWIdT YA U3 df SR 48 !, IRomH g

5) 3fqulax (Absorber): MY IRURCIDH G JURT AU SEIFAT § ST-Re=l
Feid SToldgr JUIR dic Neg=H Iid FS01 TR 813 I IERT Weg== 9aR Bl
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I Cooling ]
[ Water Condenser

x

- LRCCU fier
|
— l
) Generator

Receiver

l He"“.
% % Exchenger
Pump

v

A

R/R Fawide™ Riew Valve

6) Bl TRITR (Heat Exchanger): §ic TeRTHoR 81 SFRex d SfadieR giAed Sisadl
3. TR YUK LI WegRH § TR 3d R SR g JUR didh ATegR-
g U8 3Yd. B URIHoRA T Glg! dUHMET T Ul Sldl. A SHRexdl
HIKEEIRE R REASIGE

7) SIFI¥ex (Generator) : 4 YfihoRed aRET fhoReHe IR HRUATT B SFRex
Fal. SeHieR® g JUR XN FegRH TRH Hal ofd. AegRH ol TRA glsd a=it
AT a1 B o oAb s Sild. d SIRexAT daTRll dids Heg=H R 8.
d Wl S Bl TRTHoRAYT SfaxieRd e URd Id.

8) UT (Pump): U 8T fuleRag IR LI AGRM § SFRedbs UIdaal d HH

GIaT §19 d 3 GTaTd] &S JiHed HRdh HIad ddl.

el Sdemdr defovarme! Ritecamed SAarRR, YdehaR § U Sead
AT, AR 8 S-Rex 9 IdCHRR A Sieddl 3l SHcber JURI
i sHifFaRl o I ¥ B, TUR e U IR SFREHY SN
ferhrRAe AT 9t RRA™ dTdid SRR UTar dt 48 & dl ailed!
Dol ST, YaeHRRAS BT A1e0y TUH Yol aTiRdd 3.
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R AT RReHed aTaRa S ¥PhoRe g fadla< Yo auHT STRd -

3. . fhoRe (Refrigerant) fgdiac (Absorbent)

1 SMIFAT (Ammonia) qroft

2 [ERIREERINES STAAYTET SR 31t ¢arsiifer
3 3 forfam Arige

4 qroft ferferm aeRTEs

5 aroft INREEEIEIET

T WYRUIY RUR FfeaTdz= Rifterar aR dg ug1 /W HrawH Rifen gda
TRt ST,

HEHem (Subcooling): TeHfT WU fifere YAMpoRed douE & dHaf
JIAETUET ST B0 3. B foban o foifebe UeRyuize &leaded Suamgdl agq Id.
HofT dyaEe fafee YhoRed AHaE $H e fhoRgHer gRomy g
ffReH erdemar ared.

qapes fafers (Subcooled liquid) TaIUTRM Gleadgd ST AT Hlal HRTd
Igd =R Bid. A1 agge oA GRUME HHT gidl. TR 81 arg. 3fed JHIumd
i 81 sraeaTes < Rifterer =iy 3/ uRkomd gid -Tel.

Ho~IRAYd dgY UJSUR foifhe Tdpee dHRUGMNIS! 9Td 9] dho—iR 31Ul
TRTITRM led MY gic TRrdoR (Heat Exchanger) SIfddal 3/l SgUReH o
UK TaRM AR I o~k d TUIRH Fled ML Als-Tal WY He aqiddid
AT qaRM AT HHT (low) ATHMIS TRTGIRM Glcadbs SR e dadhes

B0 Hed gld.

TG i uRuTY Yty gidid-
1) XpoRe Rifen=h SHrfemdr ared.
2) TSR URRume aradl.
3) XThoRedr Uarg Harddl. (Flow of refrigerant)
4) TRz ffede qradt et arTd.
TRl 19 (Flash Gas) e foifhs TRIUMRM gledHyA ST AT dlel YT
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TRIR] T 9Hes Weitd UiRumd gg- Adrd-

1) He~qRA T STHT BIdl. AT He~ud HIA HHT Bl

Z)WWﬁ(crack)Wﬁﬂw 3.

3) YhoreH Riftera &1 &4 8.
JUTEIET (Superheating): YTHoRe ®WR TRUNCIAYT BT WsTdd & GO
Flel fSU IHM d16d. § AIH WS TaRH Als-TedT HigdTerd aTdiaRuid arad=
J HILRRAT g8d dYH I ded. didet &l fafeed IR gics fafers wurdma.
HIORD B HH VAR el 3. BUH ¢ s RGeS KU aigAed
FYicR B0 SIS 3.
PIERRA HrdeAdr (Compressor Efficiency): ®IBRR= sRiemaar Iie
DRIl 3Rg! WUANd. HIBRRGl HEHAT BN AMboRe Tabhgd Aed o/ g
DI RO MU H g FTeidd B It UIRR B,

BIIGRE DY = poReDH G Flelel P / AMFEH G Fridl Sy
T3R o= A& d (AIR REFRIGERATION CYCLES)

TSR IHPORRHA IHae 19 IMHoRIE Ied BUH 3iedd Sid, SaHe gdl
MTpSRE TUMH dIURe! STd. §dT dhdas fadt Hdg=iia W gedidid &Rd IO eord
e Bid g,

TSR IFoRRA Ided Brc:
1. gaT G&I9Ul IUdsY 3G
2. TR TR ReH qoHM gdd! 3o,
3. TR XfThoiRyM R ghithe el 316
T3R ABERRA GrIdherd YA
1. g a0 48 HRUgNIT! ATt UIRd WReaTd aroRe Sl
2. d I SAIHRUMNTS! Sd HH! dIH [HesqUaTTa! aTuRe S,
S DIHT TSR ATHoRTH G
(Bell Coleman Air Refrigeration Cycle):
TaTd 9 THRA AhoiRex 90 HIAHT TG AdR HRRG Uar BUH g§a9g

Hd gld. FHic IGardd THAUT ufpar RR g9 ufhigR dededn Sard. 9d
PHITH et 3T Wielid FHTOr gRifaet 3img -
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=—— Cooling T[T] -—Wc

medium
Heat exchanger inlet

Cooling ]
medium
outlet * = | T

’ We —»

Expander

W, oo = We — WE§TE

EREANEERIIREDN

I PIAET TG AHE HIRR, OWRP, Bic TRTHoR 30T arefiyad giar JHa
BIdl. ST AURT §aT HURRAS Pledll Sd 0T IUAT TRTHoR<Al GIaleR
Tpferd dbell . G dIdNIg HILRHE XM, §dd dIHM Wl dled. 8 J9aR
Tepfad gal Bl TRTHeRYS e dall Sild, STt Jdd G- §dl 48 HRd. AT 3Tdrel 3 d
5 TRId HH! HRUATET THTT ST, I SRIeR STl ATHRedT e & d9q  S&iid HHl
Bid. 81 S dUHHTE! gdl [akdRbidhs Wadl §rd, o) faer fadR geyrtt gian. ar
SIS ORI gdd AMUHM ST diuHHUET HHT 8id. 8 gal fhdm
dgHH STdiYaATRS S, TS o gad gram Iwrdr YA gd $for MRS g
i1 4. SA-BIAHT ST BT P-V TP AT THT GRIde 3118 -

(c) Expander operation

(b) Bell Coleman cycle

eration
ey Comprasmonop P-Vv diagram for Bell-Coleman cycle

Ar TT

- 4
s NT 3

Heatl exchanger

N Compressor

Qa
\ Evaporator
> R >
v
P-V and T-S diagram for Bell Coleman cycle
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Rges wHic arged (REVERSED CARNOT CYCLE)

ﬁ%’?@ PHHIC JRbATR (Reverse Carnot Cycle) PTH PO AR dlel @Fﬂﬁq
I AT IPhoiReR UM HTH Hd STl Jgiiametsed] Jard eraed 3.
UldeqHel 3 P! AR arRd Td ATel ®RUT fiked K sffearaied (Piston
Stroke Adiabatic) YT S T HTTRIAHAT 3 R Uk Kbl aYH HFTEl

3dd Y AT aRgdHdT 3RId. T 81 TR Ude HAdeRId e ATal.
HHic AraHeral P-V 30T T-S 3Tl WTaiid FHI0r gRIfda 3118 -

P4 Isothermal T4
[ 4 PV =C T
T
Adiabatic i I 4 2 3
PV =C lqn
A 4
_______ 1 = 2
2 T IQA
9a
>V S

Reversed carnot cycle

Rgxs pHic Iaaas o ReRigd msaiudd (Reversibel Isothermal)3TioT
o RgRiad ufgsfesd (Reversible Adiabatic) UfhaT 3_AdTd.

Ui 1-2 : ¥ BIUARIST IRRIGA B ATTHMI IS DRl AUV FHATURT 0Tl
TNYOL. : I ATYHMTAT Idc BT AU SffSaTdied SRR T {1) Ufshar 2-3

UfehdT 3-4: I ATYHMT Idc BT JTIATSINT JHATYRI IWIAT ATHBR T {1)
Ufhar 4-1 : HH! IIHMIG A Hdl JUATGIRT 3fTgdied (AR T_{x}

32 UBR, HTIc JRIGAHD IWET MYUT 30T IWIAT AThRU fRR JTIHATT gid ST
HIETHE 3T fawaR Sifsarefes 3rydr.

w=ita® 9 T ureRf (REFRIGERANT AND ITS PROPERTIES)

IMMpoRTA 9 TR Hfswn Rferar Iud ueridia fdhar sufas smida
JUIAT (heat) ®TgT O al gard fdar ST &S delt Sffd. & IWIal Higd Uuaria!
SfarderE (absorption) far wfw= (compression) Ugdal SUART Hdld. a1 Ugard
JUTAT MY TS TETE &a Yardid (fluid) ST $HRdTd. arard fhoRe TUrdd.
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grdl R YEIAYHIY Rl A5~ "R &9 UG Il YA YdedHaR
I aThAE (vapour) BUidR 80, dThdid SWIdT igd dddl 3dl drd I sdd
FIAR G107 3 TUILH SRUIT=AT UGTITA XPhoRe WGUITd. 3al. SEIT, i,

A SR fhar ueruide IWrdar IhsRe MY daedHaR df ST 43 g1
fhoRed aihd ¥UiaR Bld. g1 dih HH! R (Temp.) d SH! &9 3l 3.
310 AT HIUIR YT Ul 9 fored IT9HH, T1§ (Pressure) aieqd dre—Ral rafadr. 949
gard fdar ga uerd XthoRe WUH aTaRdT Id el

IfpoRe FAasvar Aoy (SELECTION CRITERIA OF REFRIGERANTYS):
FAGTYROTI0 YfhoRew Hastarel - géia dfkred (Characteristics) 3ol
HeW 3Te.
Ipoes afkme)
1) XBoRe fauRt (Nonpoisonous) 31 3.
2) d Whicd (Nonexplosive) THmad.
3) d SRS Tad.
4) il T WAl (Heat Capacity) ST SR 3T,
5) TR el ST (Mositure) TRUMH 813 2.
6) 1 g1y dar (Refrigerent oil) A faaesumRT (Soluble) 3/,
7) M SahaHiag (Boilling point) Ui wHT ST,
8) SRURICT (Evaporating) @ Haf=1T (Condensing) URRHL HHIT HH! TR
S ICIR
9) SUBRUMHTA! ATURUM-AT AEeR (UTddR) T URUMH 813 7.
I Td IR SrumRT Yhoie ggar 9usd ATgl.
BT UGdTIR 9 AYHFMYER fhoiked &F YHR USdrd-

A) UTaHRT IfTeiRe (Primary refrigerant).

[a W N

B) Yahex! Xfthoike (Secondary refrigerant).
1) TIRRI fhoRe (Urdfi® AhoRe):

g I3, Hed S SHiass, M JORE AhoRe Iaid. g hoRe
fafensd gae (direct) arRa STdTd. U Rifkeqaed a1 Abokedr aR deys
I circulation B gerd 4 HeT SITdl.

2) dah el YhoRe (g&H IhoR7):

ey grofl, DiSTH wRgS IR IAhoRe Jdid. UUH g IpoRe Ul Yhoked
Ug B WIard. ¥ et Ipored uerd ¥s Har S,

TR GTORS SITUIR WIHRY ¥hoie-
1) AT (NHa)
2) Wigiid (CH3); CH
3) IH- 11 (CCI3F)
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4) WI3{H- 12 (CClyFy)

5) T13{H- 21 (CHCI,F)

6) 13- 22 (CHCIF,)
1) I &1 MhoRed IS T NH; 3116, a1 argdn a9 39 3Ry fauRt
3{Te. g1 dRal R-717 386! TalUd SId. T UrodiRil ST §ie- STIR] H80r qurR
WicHY qisdTe UTsy aTuRd ATeid. HRUT iAot disameft sfifear 8ie g WR1e
g, gIugell Wiad URW duRd oA, SfHIFaT Wicd did (leak detection)
TMYTAATST Jehr HSd dIURAld. Bl hed s o Usuel Sigear fobar o1 feanTuft

AT YpoRedr IR 313 WIe, UHSHT Tie, s dics Tikel aik fgaToft

HdId.
2) WIgTcT: TR BIADHT 19 (CHs)s CH 3R, TN 3MTTIsge-Te! TUIId. 81 TR SR
G Ese Rad R, Al groareft ififhar (Reaction) B TS, urqaR Sififshar
gId ATel. Iredl Wiicwd did fSCaRMYTA! (Leak Detection) I YR AToRdld. grel
JUINT Yool TR HISFT wiie, U gfe Ik fEH1ult e S,

3) WI3H- 11: TR JAHHGN B9 ool WwisiE- 11 814, I Wikl dise
(MI&IP) - 96° C 3Tg. WIHIA- 11 T SR} UTuR fiyese o_l arer urqean Tedidr uikomg
BId ATel. I AT SMARe® (domestic) ARIAHS HRATG.

4) W3- 12: SUFARI SUAR! fHY (CCI.F,) WU F - 12 819, 81 IhoRre
SHRe® gHcHe TR aTRdld. 81 aRIgH, YTeH 3R 3Saa-Rid d 3Ehlcd 3G,
e YTqeR fohaT Y= ogaar Hlelel URUIME §1d ATel. IRg Imed uo fiee @
T YTqaR GRUME gidl. URq 3fisarar IufRdEed a1 Ybokedr 4iqar ukong gid
181 TI3{ - 12 A1 S a fag (boiling point) - 21.7° F 3{Te. ITd didh [SCaRM gass
14 (halide torch) = &Rard.

F-12 91 os, Bl fohdl 3R I¥ar fobal i T IRITeR Hlslel URUTH gid HTel. 81

IhoRe SHfed 3for HrRisrd gHeaed arRadr. Ial. YhoReR, WigH Bs Hia-c
(frozen food cabinet), 3TSTPIH DHiddc, dlcx PR, TH TR HiSHT 7=AF @1
IMpoReTrat IRTIBIET, ekt T ST (centrifugal) HIEIR ATORT .
5) THI3fi- — 21: BT XhoRc Sfigared Aiegad 31Te. ITal e d Bigal CHCLF 3
Td Ad SR AFGIRT [ (Dichloro monoflora methane) 3iTe. AT Iahe feig
48°F 3Tg. BT XThoRe SfSaa-Rild, RbIcdh, TalH 3R UTdaR URUMH 7 HRURT 3o,
AT AR ORI KfIholReR, diex HeR e dBeial SR,

6) THI3{- 22: ITd 1d AFIFIRISIURR] T2 3MTg. el BIRjal CHCIF, 3R Saha
fdg - 41.4° F 3(T5. BT 3PIcH, SSTa-IRITe YA YIUgTd Uredl THIUIG G137, TUH
g1 AhoRea WicH® SRR (Drier) AT AR HRATd A ATdid a1 MY Hdel S,
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Iqrd b SCaRM FRUANIST §ATZS I [ohdl WY HegRH (TSI UToR) qToRare. ST

foproft Bt TR MawgHar A 3T 3ol 81 IpoRe aTRAd. Iar. Id
TSR SHREH 01 HARie IhoReA il TR Hfew™ weas IRUseET

PRI (reciprocating compressor) ATUR HdT SRR - 22 8T IThoRe JruRdd.
HIHIYRUI SUANTIA AUITT HTg] Hewdrdl poRefaudl Hewdrd! Al

3.4, | Xfthored A1@ DDA Bl | SchadiP (B.P.)
1 R-11 (SRR T+ GeIRY 1Y) | CCLaF +749°F

2 R-12 (STIFIRI SATAR] fHY+) | CCLF2 -21.6°F

3 R-22 (HFIGAR] STUIRI- f1de) | CHCIF: -41.4°F

4 R-717 3T NHa 28°F

HIe! BTa! 9T IHOG! pared fohdT ST fE@Toft W (plant) Aed ATORTA XThoRe
JUAT A 3T FEHTUN GauHTor YThoRe aTuRdrd -

A) F-12 Uaoll UEd FIREST IR: 3RS SHOHG! B F 12 Udel Hursd
FARIZS dTIRATd. U0 e faqedr da@x g1 F - 12 dTUR1d. Domestic febudcHsd
PTGl SipUHeRIEr XThoRe aTsl »al al dIeid. URg T A== gat (Pully) A
dad PR,

bV

B) SYIRA KIRISSUTS Hehr-S-JHRrsedl dldR: 3= dedl IThoRedl dhelfai

fERTSY Jgamal ArTdl d HisdT Jreoid! Hiex aruRTdl,
C) ThI3f-UTS Th-ST- eSSl aiR: 3R aed! Hiexdl deTH Algord geft aruRrd!.

TRIITRM (expansion) ®Tedd ®1A A HRI9. TN TaUT-¥H led daardl.

D) ST FIRISSUTS Tehr-SH-3HAIES (SO,) fdhar s02 Uash HuRd wRss:
TS FIRIZSUTSH SO, ATURAT AR HIBRET WIS digdl Sidl. 81 digaie Wig =1
STHRAMM HeId (control) HaT SAl. AT B sed UIR HHI S HAiedl
THRIE! Gl ITURTE AT, Jr3de SR Hied U SO, Uasl [HUTSd deiRiss aruRdl
TR AleR= Y Aesl @g aluRIdl drTd. SR HieRal Wie dled! d 88 URR dad.

gl URIUIRI cgled dgcdld] ANTa.

E) ThI3{TTUTSTt SO,: AIeIdl A8 ATgord! ol Silerdl. aud IfhoRe deld ddb HRrdl.
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w1 [feieraed YAoRe aa Srard i IboRe Rifdiey wordma. amed M. S. D
AT C 3 IR UHR USdrd. RfeH (System) A direct dTRe™T SITOMAT XhoRedl
UIIERY IToRE WUrdTd. Tl TERY fthoRed Yobhest AhoRe od b Sdrd.

3 s (Cooled) rad XfthoRe Pump fdhar sifSider (Agitator) IR A=A <1

BTl HAIHATIR bt hoRed Rcid=H HRdld. dHld Bl CORER TSl
I 3R AfeUsTen HHt SRR ATl 3{d dagl Urvft g1 et IpoRe arRd
AT8Id. TSl ST IR,

DIvdel fafe Ed) ITFORIA Ty @t H&d Al SUINT WA dg-e!
(Beat Transmission) odl SITdl. degl Sl &4 dTIRdTd Tell §18 (Brine) UM, TS §
TfSTH TARIZS ({Hio) fhal HickaH FaRIgS Iid UTvaTdid {01 3Rd. drs-< fafRry
TSd (Specific Gravity) 1.14 d 1.17 3{¥d. I ITANT T IR HROTATS] HRAT. T
TR BT ST o7 5 d 8 Ufd e Saer srdl. Myoren aifde Tt fdbar
Circulate ®RUTMTST UMUeR (Propeller) fdhar 3ifSicex (Agitator) a1 ITINT .
AT AT XS - 7 d -12° C ATHeY dadrd. Irges HHId B! diaH St IRl Ad.

EIERER R

A) ST IRIRM (Circulation) It A8 HTHRTE TR AT,

B) SARGIAT AvTavTedl AU ST UHIUNG HiciT=l Sa=adhdl 3&d 1 JHI0Nd
ST 9aga<H (Circulation) IR Held H cuRaR fHeadT d.

C) TSN g el HRUIN d3-d Wic Y SdId IiTed] §991a! Yeiat afkmd
3D 3TdId-

1) S18 fOuRY 3R 2. BTG UIRT S 34T,
2) I WRYthes BIC (Specific Heat) Tredfade! 31 3rTa,
3) HHId HH! AYHMT § G TUTd Jfgd U,
4) fpoRe i e T d18-R1T (Brine) T&Y STl @R i [0 §HGRS &
T,
5) 71 ffeieR fohdial HHI AUHMN o Uhvild Afgd Uligol,
9 fafeisy Gas Cylinder

1 fEHION U HTE! THTUNT 19 dTol HRaal 3 =M Ao GhTTHYT
a1 Rifeiex Al I/ gld. diear Rifeiexayr agH Rifdeaed YhoRe U=+ gddr @)
TG 0 ISTHR BId T 3T HTH HH! TG Bi.
FAATYROT: 38.5 kg, 31.7 kg. 17.2 kg 31 4 kg 3 R Rfeiexa aoq ™.
IR 3y Rifeiex Ricide wrar. T Rifciexuym ga=an Rifeietqed 19 (transfer)
FHRUGRITS! 3P Ugd ATORAd. SATd 119 HRodT 3R9dl o) JUam a 31d 719 HRIEET
3l Tdl (service cylinder) WU

Maharashtra State Board of Technical Education E



WHW%@W (313339) Utilities & Plant Maintenance 313339

iy fafeiexar quiqor Rt HRuardt It WH Sgsa old @ Hav df vaccum
e RIS SUI=AT ST JUi aTthd T YR 8id. R SeaaR Rifciet
JWTAT (Steam) JUf sig &,

g Rfeiex Jarer Samar. e g ey ey Te SIaR ogd (tube) faar
1ot ATe SieTdl. 8t are- awamy ffeiexar quivet five Hedl. afedy fifeisv=ar s
NS A 3q7 fod T (Purging) 18, =R ot e (fit) Hrdt. Iy fiferszar Toff
USd eI fhar at groard qufunt Jgid fohar aremiiadt st Sarar. W ffeiext
XA g Ay Rifded! ©F IusHl. Iie W Rifdsmdia T dfed
i) TawR gisd. Uiy Rifdewmed Sxfde THIUNd 19 TRIWR (Transfer)
AR I W ¢ 141, T [feR dg & amA Srer.

Ty [feierd T auiH g IhoRe digd ddedHaR SR dolH JiATdid B
goF 9 R dfey Rifded aoq dimdia tRe Buod died  Rifdexadid
IfpoRed goH. B AgH UY fdar fos. Jaaed disrara.

Ryfeigmeiia fthore sfeswdr Idl. Iar.

3.4. | XfboRcd AE [

1 ST (NHs) firade a1

2 TehR-810-H =S (SO») RicegR 01 HTea]
3 [ERISENINES] AR

4 I3M-11 it

5 THISI- 12 e

RIeraar Safety):

HR HISUHUIT ABoRT TIHR HRIEL. SR Rifcisx ApoRed WRarar fdbar e
3 d TR dl graresar (Handling) eld diessil (Precaution) 1d1-
1) Wil fifeier SR eirug fdhar erep =3, (Avoid mechanical impact)
2) R IWTdT IGTHUREA (Heat sources) @l g 3dTdl.
3) WHIR YURT HY dl IR [dhal I HH STedHaR URd drardr.
4) THT ST IpoRe AT Saredn Rifeigsqed Transfer SR,
5) XfThoRed A0 (Mixing) o =3,

6) DHTH HIAMI Bled LT (Open valve stem slowly) 828 SUSIHL.
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7) Rfciexaan eMaIaR 719 SFIHR FHRIdl. 31f® arsl b =4.(Not overload)

8) gTed fdvar Rifeiexa 3 3.

9) R 7 Wil Ryfeiex dravres dardd. R Rifcigven dad amard.(Use
label for filled cylinder)

10) Rfciexar Wgeier SHfaaMT o) THTUMETRR U8 & -3,

11) Roprea Ryl €0 §g Sardt; ATd a1 fdhdl SoR °ceh SIUIR ATgid ATt
CACISIR2ICIN

12) SIARNA fdhal Whicdh TaTIRE Riftiex gr ara.

R3] UY:

1) &t forgr-

(a) T S/aRIT

(b) Soil

() Prd

(d) el

(e) AIdTARUT qId

(f) TTOOT 3T S{TROT
2) 3T WY PI-

(a) ISl &1

(b) Frafa e

() 3MUHT IS

(d) fafRry Iwrar

(e) dIUHT
3) ST T HUITAT fAfdY Ugat WY B,
4) SigadT 9 Irargan gy i,
5) SWIdl d dIUHI Zm:f?ﬂa hidh Y D,
6) - 40°F © °C T &UIdR .

7) e S 9Rg eg WRT-
(a) BT HIUYTAT SI9........ UG
(b) wﬁ%rw .......... - 38
(c) TT HUTTAT &HAT ........ UGG

(d) Yporeq Rifew= e, T ThpTd TIeTdd.
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8) TV HI-
(31) T 3P ATHoRRH
@) PIBRET 3h WRBIHY
() DI DHII&HAT
©) Wi T
(3) GURBIET
() HIBIcI.
9) YpoveH RIRTAITST 3aRaed RIS HFT B0 ? WY I,
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g1 31 ArIhIAdt

Unit IV AIR AND PSYCHROMETRY

fawa et (Course outcome):

Use humidification & dehumidification process for Chemical process industries.
"ged SR (Theory learning outcome):

4.1 Explain process & instrument air.

4.2 ldentify the Psychrometry properties for the given system.

4.3 Solve numerical using Psychrometric chart.

4.4 Explain the Psychrometric process with diagram.

4.5 Select the relevant cooling tower for the given system.

URdIfde (Introduction)

IaBAct § dg-arg  fhsumer Wifde  (Physical) ST yHiSEATNS
(Thermodynamic) ToremizT Tafd e & o, rhHica 3fiT graue!
(Hygrometry) @ <@lo I 8N3! ARG S AHH Xeq 3HTed. dig A0 Uodr= 9
i THY0T TGV aRfE! SRS ol Sild.
fawa (A9t (Course Outcome) :

8 DRSII-ded argqH, (Dry Bulb Temperature) 3itd-sed aradH, (Wet Bulb
Temperature) TT0&f 3ATEdT, TR, (Enthalpy) fafRis @, ufvguf siar snfor gafeg
(Bubble Point) IR 3% ga<a1 T UTeH{aR gt .

8 SR godT JHIART 3RciedT TE HVAC Ufdhara TSIl ¢d, S &1 Hda-ed
RIgiRier Awdl (Theory Learning Outcome) :

qIaTeR UM gadE URFRUART Fefdd ga=n I™emfcd  (Psychrometric)
TorHTET TSl AU ST SRATH ARIhIHICR BTSS! HIRed U HR01. Rigid
(Principle) a2 dTIAT 30T 3MTeclT HIHTT aTaTaR U= gard Rt fReffed Hvd.

S fag SR ga=am (Wet Air) ¥Hd (Thermal) Toremfeht qumaoh &vd, gadid
3Tgae (Humidity) Tomma Sfor fRa=or faarma o Sfor qrelt ifor AmFdt SiRmmeR
TS URUTHEIT 31T &hd, ITel rashIAfead (Psychometrics) ed SIS .

groft ufehar, 9% TR HRO, 4§ HRU ST IUMT gAu (Regeneration)
JrRe fafdy wie = Iugaddr Ufdhar ST IdTa I YaT adid. Idiad
Tiora T CTaITa!, Wi SUgaRidl Fgsia- $Id HRUT A 3.

T47 Sugedr Aifgd! @ U= (Introduction to plant Utility):

gruft Uferd, aTh GUR R0, 48 HROY ST IWrAr gy aRe fafdy wre
JUgedT Ufehal IENTAIA SdIG YU Jal <did. 3die- Wiha™ (Production
Process) 7Y SUOMITS!, Wi IUGaddl Tgold- HId HrUl HTaId 3G,
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gfefafes (Utilizes) § STEfTe Wicw Sia-Rad SRIdTd, ST a4 JdT AT
TR I dIq U] 3MaRad THYH UaM HRad. diel GRASATARIA
(Electric Distribution) @ ®TRT SIgRITUATRId (Waste Management), a1 difAd
IUARIT IdTed, HrRiemdr (Workability) sifor IRférdd=r ®om sHadd, S
ST WRURTE 1O FafAfHe 8.

(Process & Plant Utilities) aaifdia Immie Iudifidiaed Safdcs Ui,
graSlad Uqgs, Wiy, urofl, e, TeR, YThoR=H 3. Iugdddn (aroft, dis 3for ary) a1
ATTID T 3HTed o1 i i1 ArATore fadmrd Hgware YfHeT seradrd.

4 SugarddT HTIOT TIF S@HTd ( Plant Utilities and Plant Maintenance):

ufspdr §aT (Process air): Ufhdl TR SQIHI-HE IWAT SUAR ( Heat treating,
sterilizing, curing, and forced air ), Fcfq@i®RT, ITER MO it gar gl
SR UipTarId o |, AU | M e o 3%

ufehar gar aruR (Application of Process Air)

gdaT SUWNT:  duHH FEEu, Sged, Soll RAGRKER,  URRIIRANU
(Photosynthesis) 3101 Sierashral (Water Cycle) 3{Ta=de U, gdl &l WRIKRT Jgol
JUAH 3l AGffe TIYS (Natural Resources) 318, 81 WRIGRd fAgeran e
3P °Ueh 38 ol Gladid Sfia- fehgd Sadl. 3mel §ad 4/ Udl. Joflarem
YIS AT gaaid e (Oxygen) Taad RN, Tadid Pl S HRI5S
(Carbon Dioxide) R a_gdiT UHTRIIRANT (Photosynthesis) TfhigR Wd:a
3 TIR OIS Sa=RID 3T,
| g4 (Instrument Air): 3ZHC TR & BRST (Dry) §aT 3118, ol HH! Huidre!
T flheex Peft ST S A P e Sd...

I Wie g1 9107 3, dd 30T 3= 3iiedl (High Humidity) 3/ - d&md aa
IR Fre= HRYY ST0T GTCUgTTST §ad Yo TREUT dl 31Ul SHTa=T e 3Tg.
USRI T[UTaIedl §aqd & ddl ad YTl STfO1 U1 PigH crdbat UTfgsia

HTY gdT: The main components of an instrument air system consist of

gqic TSR fiheeR (Inlet Air Filter) Ya o1 feam=ai=am ardrarumdid gad FHefgaia~or
HIUATTST ZeiC TSR ftheey.

TSR HUWR (Air Compressor) AT IeTH SRCHS §aT TR OS] TSR HUR,
HR (Cooler) HUMR fSTTCHET TRH §AT U HRUITS! HTR.

3{IeraT faursies (Wet Separator) Yfad §dqd HIUAG! he~Hc hligd CrHUANIS]
3T fAUTSTh.

3R REiER (Air Receiver) Te TR REfiegr S Ypfad g1 Araadl, 3fuas
Tefl TSR Gl T T Sl 3Ma%aSh qafdigudd $3gHe gl (Instrument Air)
b U3 SRdhe TUH BT &,
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T3R IR (Air Dryer) TR 304 YAGAHE IIdad Sdid saHe) Th SRR d1q,
ST, GIRT SR IR 77 TSI (PSA) Ufeham AR w3+ UTodTe aih igd gl
BELEIEIsE

Instrument Air (1A) Receiver Design Considerations A key component of
the Instrument Air System is the Air Receiving Vessel. The IA Receiver when
designed must consider the following factors
1. 19 F&3dR HH H (Minimize Pressure Fluctuations)

|A TTEH <A1 ARTOAT JUT HRUGTTS! IO STONSTONeT e IR, Gad
TEIAR HH! HRU TIID 1. I 372 3T 31T & 1A qTOROM=T 317 des=a (FAfe)
THHHL TSI ST UichaiTd fRR M YT &Td AgHid Iudsy 34Ul IR
318,

2. TIT¢ @ 3R f&HiS (Short Term Air Demand)

Tifshan GfauiHed 3fdhal SRgHC TR (1A) H AT 6-3dR 8IS Ahd AT
Ploldad] RRERTR Ulgd. 3= AR 1A Udig &) g 9ugridl defad 1A
Nfieme =1 TR RBgHds TSR HUMR AT geiae] g fdaR ol
TP 3T,

3. &elt g9d (Energy Savings)

gcHe W3R AR (Instrument Air System) dRAR dIS dToRATd 3MIf0T TR
HUMR (Air Compressor) e 0T SigT SHTaRgdh AT degl RS (STl
(Loading & Unloading) & dIS sad A1 HR0I HATGRID &,

ST 1A Rfiewmdia a@ (Pressure) d=Nice=n (Threshold ) @Telt Ial, d&T 1A
et 3aRgd aIe U1 HRUTMNIS! |A HUIR WIS (Load) Bl SIdl. G Ishiara]
1A REfiERd SMHRAM (Volume) 3ifdH aR&G@HT 1A @1 RR a8 UM &Rar did
IR HHT BRI H&H Hd.

Instrument Air Quality Standards

A commonly used industry standard to set instrument air quality
standards is the ANSI/ISA — S7.0.01-1996. As per the described standard,
1. g19 g4 fdg (Pressure Dew Point )

U3R &4 fdg (Dew Point) g Arod™ U URYUIRNG &l Sld SATdR Tl ARy
STSTHIS] SREHE G &d UTUaId o SAiefdl -7 .

T3R SRR 33cdca’id ald &d foig feam aruymen fdm 10 °C (18°F) HHT STdl
SR 1A YUTTcrET HI0dTe! HRT SUSHN Idl 30T IR 4°C (39°F) U&fT SR =9rdT
|G|

2. PUT TP (Particle Size)

TEHHT R ST 1A 99 Uificagae Hex (Particulate Matter) 301
3Uferd 318 ST §gded e UG draded] SOl SUGRUINIS!, 40pum STl
STPR WHT 3T
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T UHRUMHE, < 40pm HUMET ATHR AEARID 34d, d¥ < 40pm BRI
Uifiéeryele Hex A1y HRugme! ffaited TSR fheex®M AISId (Air Filtration Module)
R Dl SIS, bl
3. Wg® Il (Particle Size)

T YHUMHS 1A YUTAH RO TSR HUMR g4 3iiga+ (Compressor Lube Oil)
U1 I 3T, 4 A8 YpTad gaug dd drg- SITudra Ui .

Aes IrgdId IJUSBRUNT Hiep A0 gidl Sgi-T g=eHe &l (Instrument Air)
e 3MfoT e SHRRHaR URomd gidl. TUH o0 It 0 ppm =1 Sde 3rat
UTfgsl TR 1 ppm wiw Y& ST 31 Mehd ATg1.

4. 1A RI¥eq == (1A System Location)
af¥d, grde ( Toxic) 31101 Saremiel (Flamable) 9 39cc TSR theeraed AU
RIGUITTS] $RgHe TR Rizewe wiM <did Hewdr g,

PA) (PS) (PT)

Instrument Air System Y

Instrument
Air to

Discharge
Block
Valve

Air Recycle Valve
A ~ (1)
i (p )(pc)\TS) I

Ambient
Air

Cooler Moisture

Separator
Trap

Y

Air
Filter B

Electric

Compressor Motor

InstrumentationTools.com

Y

Fig: Instrument Air flow diagram

Irashiact: Psychrometry is the study of the properties of mixtures of air and
water vapour. Atmospheric air is a mixture of many gases plus water vapor and
a number of pollutants.

SIRE A Ry I e 1 e s o3 o) =3 R R =3) B L3¢ 1 TR o
TGRS 84T Bt 3 arY 3T STTaTuR AT 3Feh Ugueh T fsur 3.
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SIY de¢d dT9HTA: Dry Bulb Temperature

The dry-bulb temperature (DBT) is the temperature of air measured by a
thermometer freely exposed to the air, but shielded from radiation.

SM-ged YA (DBT) § YHHIeRA gdd dMUeH 3 S Jaduul 8=l Jusbhid
Wet d¢d dIATA: Wet Bulb Temperature

The wet-bulb temperature is the temperature read by a thermometer
covered in water-soaked cloth over which air is passed. At 100% relative
humidity, the wet-bulb temperature is equal to the air temperature; at lower
humidity the wet-bulb temperature is lower than dry-bulb temperature because
of evaporative cooling.

Wet Sead dT9qM WU UI0ATd RSaaedl HusaH Hdbaedl YHHe arad
dTUHM S gl SId. 100% WIU& SfigddR, wet-Scd dIUHM gdedl qUHTAT
RIS 3R; ST FHiehTes HH I 3N Jead dAUHH HRST SeaaAl
TOHTATUET HHT ST,
gafdg araq|T: Dew Point Temperature

Dew point temperature is defined as the temperature to which the air
would have to cool (at constant pressure and constant water vapor content) in
order to reach saturation.

Dew points indicate the amount moisture in the air. The higher the dew
points, the higher the moisture content of the air at a given temperature.
gdfag dTaH U AYaddudd UeruarTe! gaT ST d9HMIdd 48 @xiat anTd (RR
TS 31101 Il TuTel T ATHT) 3= SaReAT deil o,

Sffearafes Hyaaan arad: Adiabatic saturation temperature

Adiabatic HYdddl dIHM; ST dYHFT G0l gad ITfiya- & did Jqwd
gIsd. - Galag dTgHM (S1UT); ST TUHTIGR 8al 48 HRUI AT 318 o T HIUATG!
YIUgTE aTth g HRUIMNTS!.
3{Teat:Humidity

Temperature at which water will saturate air by evaporating adiabatically
into it.

ST TUHHTER UTuft gad ST HE de dTd AqWd 8isdl.
fafRre smskar: Specific Humidity

TRy STsa, SRR o Thdh aXgHTId UTuaTaT ST aRgHH, JERId: Ui
fHaRy ga= arthd YA WU fdhaT, ara@ad, Uid Ui 9= U odad ol ofTdl.
Oy Sdl § SOMMRIRAG 3fcdd IUgad YHIUT 38, IaTexuny, &Hiordme!
IEUTTIRE UIUare] STHaHTET &X 8T YT ST A= gadid [AfRIy sisda
TRBTAT YT YHIUITT S,
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fafre @s: Specific Volume

U1 foraiid Uaryi- Taeied Ffae Hiewd! (Cubic Meter) %1 WU falkiy
e URYIT el STal. & A=A gad ATl dRgHHT UNRR 3Te, S AT gl

UG HIvQATE! SfaRira! fafkiy seRuT Hierd fddl Terd SiTs, [ebd, TR
d Sgdd dosl AT U SRcied] TUHHS TR STd.
fafRry wiegquardl AFe The gqwler ufd foelium (m3/kg) e, SRI d fiedieter ufd
T (mL/g) fhar Fgfa® we ufd uls (ft3/1b) THR ad Pl ST, Jdhdl.
HTU& 3TeaT: Relative Humidity

gadid UTogr=Al dithd YHI0 JHM dHEd JYaddaidl SHadd e
RHHAT THhaR] T Uk Pl ST,
& Araspitiex Sling Psychrometer

SR g YA dlecied [T Irashidiexan (Sling Psychrometer) dToR gddid
qTogTet A fhar s (Humidity) HISToamTat e Sial. R Srshiexd e aH
YA} (Thermometer) SRTdTd.

“= , | %
- T

| :H— Dry bult
Wet by - -~ ] thermometer
thermometer

| Bub covered
] with wetted wick

Principle of Psychrometer :

TR (Psychrometer) ® Badial 3Medl ASUATE SUBRUN 37, HIRedl
yHHIexal §ed (Dry Temperature Bulb) 3ffor Srefiyaqm e (Vaporization) ¥reT
S{ITaT THTACIAT AT YHTHICR Sod ieardiad dTIHHTE HReb HIod 31 HRdl.
Construction:

AT qrapIHe== IR gaT AT 3N Sodl AToHTT FISTUaTgTST 08! STkl AT
gdfdg (Dew Point) amod Fuffivd sRuamrdt oar Siran. R wrasmiHiex § Uicaq,
wifed, Tadqul, BTaM UdhSdd AApIHeR Mg S giF Sed YHMHICR, T HIoar!
g1d HTfOT Tqdferd aTd 3iicl HRUGTHTS! UTudTe 137 378,

Working:
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aIgl JeaHiad! arg yaTg At &Rd. a1 fhages dqu A o arefiyad 8
I, S 3d-ded YA dIHM B! §Id. DRl dead dIHM SORafdd
NEKE

Psychrometric Chart (aTaspiafes drc):

Igeifes I SiawR gad Wifd® (Physical ) 3T yda (Thermal
Properties)Thed WEU AlGx HAl. AAHHCH dc TH dded gl
giaRur AT (Environmental Control) Tded-ie! ded-T HRUdd Had 813 dhd,
S &1 TRH e 841 S 3MTEdl BT o4 Wb fhal A3, NAWR gl S Iva™
S AU . BT IR JIHIARCD TCHE 3N gae AR Hef aruRed Siard ?
Y HRdI. BRAfdD TN dTaR HTIOT HRSAT TF HRUGRIS!T T S&TeR0! ATuRe! SiTeld.
G TG AT GEHNTST AR gad o ETeid SaRedT fqUTTd S ovcl
3fTed.

150
100 \lIo
. AT T
N — - ¥ -
- 028 ST UL T 028
- ~ ‘h‘ -~
4 by, 1~ 3 " A
., 5 9'7\” ~ \\ (. ] % x
~ - -
£ Eo2a <P TR 024 5
E ~ |~ ~ T4
g ~ & ] \J/ ™ T+ 2 §
g . /\ ™4 ~ 4 ~ 3 =
> ~| T Ry T ~ §
3 E.o20 020
£ ~N
4 D‘ \<,\ N - ~ 5 El
8§ ¢ EK\‘;Z/}*-C- ]
] ; \\\')4 ] T b H
016 N P\ ois 5
1 TR §
3 oo St SRl S
A =8 gk = ~. {-‘
§ 3 A< l\ A )/ -
= OIZ \;\ .OIZ
L TR ™ &
SE & ™~ o) Ny W =]
E r ﬁ\s <'<\ % :\ ~ : o g
N 4 -3
> Foogt~ > NEE=ER T S TS 008
e -a'ﬁ ~ }./ ~kd N \ Tt \<*¢ g
= ~. ™ >< \\. [~ T4 LTS -
= >‘\ f’\.‘ ~L ™~ /’f 3 =
S E12s <\ R - .<>‘,;< % T4 g
= ~, T B =t ™ ~ 0%
~ i - - ~ R ~ (>'< + ™~ ~ h.| 2
! I~ i i S -~ ~ ~ A .
~ i B S =1 LY ~ = -~ o -
-~ o -~ ~ M~ R L ~ d -~ I~ \"».‘\‘
~ - » ~. M
—t ‘P\.l RSN e 2 %8 b S 4 i T . 1 +.17 ~ w, M 0
\ 40 § DRY BULB 70 80 \ i 1o
12.5 130 TEMP, °F 3.5 14.0 14.5

Fig. 1: Psychrometric charts
T Afe® arc fafdy ad (Pressure) SMfOT Aq@™ (Temperature) Soffasd
JUA 3MTed. 3hat |, HD dgHSHUIT GId (14.7 psi) 30T 30° o 120°F AGHMNTA!
38, S dgd® SRATE (greenhouse) fhar UM TRFHHUN SFITANTINTST IRY 31T%.
AIeh AT U ST cad, THIHRUI 3101 WSS NS U ¢uid SUdsy 3HTed.
ATaeh A daTe fafed-SMHRIEAT TR S HIfga Ud Bl
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gchial qhsl qdbel [daR &dal @ dddrdl Iugdaal fUd WE gk

Ik e ATCT HHT UM &fae SHeTalid HRedl-aed dIHM Whd, 33T S&Tavd
ST TATOT (SHTETaT ATt Tha ST aR=dt aoh AT Sff T gar fdvaT 100-cad Smskar
YIRUT &H T G,
3Tt 2 He YQWCUTHHTY T1E SR Heed 3Tg ga< qured aeffdd: oiid-ges droam:
Tt (Enthalpy) ; gafsig (Dry Bulb) fbar Syeddr araw; amder simear; 3oy fafry
BIcgH.

7 37¢ T WBIHRUMNITS | SRSAT fGUFT UgT. AT HIVATE] a1 oreHie eeHfag
MY SNAR g™ U ol ST, Udhd. ITel "e Uige WU, Iod fog U 3av Id
TOTH dTee SIS, AT, T TUTS! 10T 1ol 339U,

3aTERUNNE Plo! TR1d AGd HRId. 3HTPpd | A ApAfcd AcHg 3Nl 2
31107 3 ATURT, TFETa U BT TUIeH JTuSdid B! ATel § JeaTid .

Wet-Bulb
Temperature

Relative

Enthal
Py Humidity
Dewpoint
Temperature
Humidity
Ratio
Dry-Bulb > Specific
Temperature Volume

Fig.2: Properties of moist air on a psychrometric chart.

Fig.2: TrshiAfc® dcar 3MT% §a9 (Humid air) ToreH (properties) . de-ded dId
(Wet Bulb Temperature)3fifor T=iedt (Enthalpy) I8 d1¢ @8+ aMURdId URg Jed
ATTeH] Th e dTerdl ST,

IABAeH drcal BRI R FHT Ul ATIedTdl gad diadE Ifor

~
<O\

3‘II$€(‘II JUYId (e HRuaTd Had Hrdl.
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&I ST I S BT (T WA, Sldids [RUd) ITGR gasad! el (y-

S{EfTeT 3MTeaeT TUIRIRIAR) SAUIR ATg! (qadTedT IoTedT STo[ell ). farendial I
e (Green house) fdhar TTogi=al SHRCINTS! TSI (99 34T 3118 @ gl
AT 10°F dT6 ST ATU& TRl 20 THb HHI 513, Wb,

TIhIHfeed damdl dIIR aRiad ®i § 3iael Id 3Me. Iarexond, fRareadia
WeTSemed TR Sremadia e Sigdl HH HRUAMTS!, ST a1 TRE B dhal.
Humidification:
iy (Humidification) € Te Ufehar 31 SATHE dIUHTTd BReh = Hdl grogme
dI% gaHY Sisdl Wd. fasrear €8 81 Ao fawg 3. 3o ufhar g&
ST} YReAd: I A (Heat Source) &HEIW 3R,
feggfafsfd=m  (Dehumidification) ®WUS gdgqd Uit &igd  TIHUL,
fSegfsfrhe Iusmul quigdrerd ga1 Odia onfor &t dfidxara duvamgdf @R
'JTER" PRAIT. IR IO GHIA Hed- haes JTdel 3ATeal B! BIsd - d gadia
UIUTl DhIg TIHUIR ATg!.

Solve numerical using psychrometric chart
Example 4.1: The following data pertain to an air-conditioning system:

Unconditioned space DBT = 30°C

Unconditioned space WBT = 22°C

Cold air duct supply surface temperature = 14°C

Determine: (i) Dew point temperature.

(if) Whether or not condensation will form on the duct.

Solution : Use psychrometric chart

(i) To determine the dew point temperature for the given conditions, find

the intersection of 30°C DBT and 22°C WBT and move horizontally (as

shown by the arrow) to the dew point temperature scale. The dew point

(t) is 18.6°C.

(i1) Since the duct temperature (14°C) is less than t, (18.6°C), therefore,

moisture will condense on the duct surface.
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Example 4.2: It is required to design an air-conditioning system for an industrial
process for following hot and wet summer conditions:
Outdoor conditions = 32°C DBT and 65% R.H.
Required air inlet conditions = 25°C DBT and 60% R.H.
Amount of free air circulated = 250 m3/min.
Coil dew temperature = 13°C.
The required condition is achieved by first cooling and dehumidifying and then
by heating, calculate the following:
(i) The cooling capacity of the cooling coil and its by-pass factor.
(if) Heating capacity of the heating coil in kW and the surface temperature of
the heating coil if the by-pass factor is 0.3.
(ili) The mass of water vapour removed per hour.
Solve this problem with the use of psychrometric chart.
Example 4.3:
It is required to design an air-conditioning plant for a small office room for
following winter conditions :
Outdoor conditions = 14°C DBT and 10°C WBT
Required conditions = 20°C DBT and 60% R.H.
mount of air circulation = 0.30 m3/min./person.
Seating capacity of office = 60.
The required condition is achieved first by heating and then by adiabatic
humidifying.
Determine the following :
(i)Heating capacity of the coil in KW and the surface temperature required
if the by-pass factor of coil is 0.4.
(i1) The capacity of the humidifier.
Solve the problem by using psychrometric chart.
Solution:
Locate the points ‘1’ and ‘3’ on the psychrometric chart.
Draw a constant enthalpy line through ‘3° and constant specific humidity
line through “1°.
Locate the point ‘2° where the above two lines intersect.
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h, =42.3 I
23
h, =28.3 x E5
' 5 £5
/ 7
0w
& 5
& 3
2
> H
1 2l 4 -
=
12°C 20T 24 5C

ODBT — &

From the psychrometric chart :
hl =29.3 kJ/kg, h2 = h3 =42.3 kl/kg
tdb2 = 24.5°C, vs1 = 0.817 m3/kg
The mass of air circulated per minute,
ma = 0.30 x 60 0.817 0.30 x 60 0.817 =22.03 kg/min

Heating capacity of the heating coil
= ma(h2 —hl) = 22.03 (42.3 — 29.3) = 286.4 kJ/min.
= 4.77 kJ/s or 4.77 KW.

The by-pass factor (BF) of heating coil is given by :

bin, = tan,

BF = ———
tin, — b,

Vo =245
4= Ty, —12

s 04 (fg, —12)
= tgp, — 245
tdb4 (coil surface temperature) = 32.8°C.

(ii) The capacity of the humidifier
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_ My (W -W)
~ 1000 x 60 kg/h

2203(86-68)
= 1000 *

= 2.379 kg/.

(AAHIHCIS UfehaT: STEIHRA 0T ARTSIH)
Psychrometric Process: Humidification and dehumidification
Mixing of Air Streams (g YaTgid fiyor
Sensible Heating (Af<yed gifd)
Sensible cooling &fRrad B
Cooling & Humidification (BferT 3ffor 3mefezum)
Cooling &De-humidification (@ferT 3ffoT - 3msffes=on)
. grgpfed acar, YidmRur M fAofeieRur Ufshar We S Y01 WU Sxifae
3{Te. DB dYHM e U3 URY fdg WUH diRd Sild, o R @rail i1 STdidhs
EISQIE

|
!
/ f
Volume —
\

Wet Bullb \, | =
<2 Maoisture g
b = i —Content | =
i =
o \ — =
s 5

Dry-pulb Temperature, t —»

giféwr anfor Smeffe=ur (Heating & Humidification): TRH 3T 3effepvor ufhaHed
e TEdr AT deHfd ®Re ded Ul qafdg dudEE diedul FHIey 86, ©
"JIh e T IR BT gk R Hd 3R,
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e ]

Humidity ratio

coils ﬂ
0000000 >
T AR 5 1 L
T ) ) : ' '
e, @J QJ Dry-bulb temperature
a b

Heating & De-humidification TR¥ &0t 3T 3efferzur it ot

Cooling Tower:

Principle, Construction and Working of induced draft and forced draft
Pl elar

: T, DI elax a¢= SATOT HTT elar $A HTH Bd , PiAT ¢laR d UBR

Pl ClaR § SWUIdT BIgd CIHUTR 1Y 3Tg ,of UlehdT R0 (- Effluent waste
water ) JYUTAT FIATARUNT RITANT HRUGTTST GT0ATEl JIoR B . ATIYHT Seie
PiciT TR e gR YA IRIGERA ( Recirculation )daled] U0 A& YT ST Ha
H& qTUTTe SUIT Hlg CIHUITHT ddTaRBTY B .

qrar e 3UaUl (Air Conditioning Equipment ) 30T 3fieiifies wfohar e (
Industrial Treatment Plant) TRH UT0GT=HT W03 4Td IWIAT (AT 6% YdHdld , ST 48
BRI SHTa=ID 3Tg [ e ST (Industrial Cooling Tower ) TTaR HH &R .

SR TRY el U0l BT Trark =1 R 48 dal SId. i <roR T
RINERUI( Recirculation ) 301 4 d HRs! gl diedl HadlH UIUf 48 ol e . 30T
TRd SYFIIA 3707 ST,
3fenfire g efa™ (Industrial cooling towers)

ENMe ®fe claver IR dxanlt fhar TRE ufesar (Hot Process)
IRREAT fafdy FIdiaeH SUIAT BIg TIHUIMNTS! Bl §I13, Kb,

Hrear, i Sfei cladar wufis aR 8ol faggd Udhed (Electric
Project)y ,Ucifaad R®I-RIE  (Petroleum  Refineries) , Ucidbffidhd Wic
(Petrochemical Plants), Ffife arguforar ¥g (Natural Gas Process Unit), 3@
ufehar T4 (Food Processing Unit), 31¢f-arge Ta3 10T 3R S arat araRedt
SO bRt Y€ UTudT=A Yol el RNVl SWIdl dhig Cldhul,

Cooling Tower Parts and Functions:
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SHdipdt 31 S fobal YRUNT WU HdlEe SiTd, TS HIST claveal YU

&THS dled SUGS- SVaH YU GEHFT TI0T gaT STfor aroft ai=ndie ¥ud de fg
b, T §IHT YAEHN fbdH Ufdey UM $Hio.
Distribution System

fqavor gunrdl ga1 o UIuarAT YATgNR HiS Clavad] UhRIAR aoer 3.
BIY-TB] HIGT TIa [e@IHYUI-UdTg [daRur Yurmet arRard foret aroft wRiarear e
JdaR fAaRid S Id. BIER-TS! HIHT TIaIAT!, TR diex B ReHr amR
&S] S,
Drift Eliminators

e ufofimer ga=n vaer HFld $[AM® 980 9sqd Uvar 39 SR
TSUON Ufdey $HRdId. g9l YdTg ofid S/ dMT, Uvgre 11 34 feue ufefimeze
fifdiar ulRume ®Hrdrd, SaTHes Urvl grgl ic T <lava e Ad.
Louvers

TR FACH QBY ¢ IO clavd Th T 3Mgd of dlex TDRI-3M13¢, AT HATIOT
Aediedrd! s3id U H1H HRAld. d HIG-Uo! HIGT cladd Th IHR YT 318,
31O o U UTuarAT dRfF=T &R, U=l doiRit oY WRTd Uds b SiTd 10T SlaReiad
quigul a0 ST
Casing

DRI BT AT UG BT T SfaR ThHaR HR TR B! 3718, § BIoT
TR UTUR STUIMTST Gule BT .
Valves

SIS TTaRAT T UTUdTH! UTdad! (afAd Srudrd! glecg 31azdd 3Mgd. HioT
SlaAeE IRGS Fleeg U ISR @leg, UBl-dheld @l T Nep-3T
TSR Flecg.
. HIORM Flecgdl AR AfTUSRIZOR TIRAYA Fagrd Foda HRugmra!
fhar We-a fhal SEHTEHTS! HGT Clar UG ST HIUIMTS] ST SITcll.

o 1-hel® glecgdl iR AfeeUa-H6 SIS claear URfTaR diravTe faarur afkF
fohaT UTugTeaT UTAed I WAt JHT hRUATRITST BT ST,
. Oh-30 JYoex Blegdl IR MUY HIST SlaRTA UIU SHSUIMTST Bl
STl HRUT TS Blg! STHHG, TTg- SIT01 3101 WSt IS0l TS A Bldl.
Collection Basin

FHORM AR BT o= doarRit 3Te. dRa1 Mdffe I531 Tore USUIR ol
ST B0 o ITfiHa 1o el fdhdr arg= 7o Argl. Tgdl, afH HfS clavar urn
TEUMH SWI® BTH Hd. AT fEnTult fthrum=ar arograr I™Me SUAR Siee Sidld.
Distribution Basin
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% U WIS U4 a1 deM aRF 3R sumed g fhar Aigre wgen R R

3{TRd. BT HI-US! HIGT claxedl [IaRur el U HIT 3R Y T[oaidmyur IRA
qTogTe |quf 4ROT AEReR JAM i [GaR0 exvamd! erf .
Tower Structural Frame

eI’ ThH UT HioTT CIaRST FUIE B ST ¥d R B SZMaR Urdad. hadra!
ARSS! AR JH blfche SO BIES Med. BETRIOR M WASYH Wledl driR
3B H ST el
Types of cooling tower:
1.Natural draft cooling tower:

e mger o7 dlava S99 vl W IR aTRel.  dRie
A= GIEM DIRSAT gaUe SIS HHl 3 fd. O g1 NGIR gadl Gl
CIIRAL gadT IR UdTg UeT d.
2.Induced draft cooling tower:

? Waaled IUe Ciar 3fTed samed fSufie Wie @i derwg clavas
3.Forced draft cooling tower:

STICR SBISR ST H9g g Uh Waddiod HYal ok 3lg. U™l §dal
CTaRAE FoboTeRI- FART Bl U1 gaaT AT HH! Dl Yaicn WSS g urdest
SfcragaaTa! 31id TgUIe 318,

Cooling Tower Approach:

The cooling tower approach can be defined as the difference between the
Cold Water Temperature (Cooling Tower Outlet) and ambient Wet Bulb
Temperature.

Approach = Cold Water Temperature (Tc) — Wet Bulb Temperature (Twb)
Cooling Tower Range:

Cooling tower range can be defined as the difference between the Hot Water
Temperature (Cooling Tower Inlet) Temperature and Cold water (Cooling
Tower Outlet) temperature.

Range = Hot Water Temperature (Th) — Cold Water Temperature (Tc)

% Efficiency of cooling tower:

It involves the Range and approach of the cooling Tower. Cooling tower
efficiency is limited by the ambient wet bulb temperature. Ideally, cold water
temperature will be equal to the wet-bulb temperature which is practically
impossible to achieve. Hence, cooling tower efficiency will be in between 70 to
75%.
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Range
= x 100
Range + Approach

arg ware At uswd (Air flow generation methods)
CIRHYT BaT HIGUATAT FEHTd, T THRY FHiciT clar Ted:

( Natural draft ) 3= famufi= (Heighted Chimney) H189HTdH SRR ATUR HRAlLUS

gddl qad g0l TR IEGR, SNAER gdl TuRIH Rl dled. IuaR 3T

B9 9 G HRSAT SAUET HH! GIC 3d. T 3NAWR gaged CIaRAYA gadl ol

yaTg o g,

Warm, moist
air out

F
[‘AAA‘.’/an

Hot water in ' : . Distribution system
Spray nozzles

? ’ ’ /Full material
HENE

Dry air in

v ¥ v w

Cold water out

-~ Collection Basin |

Tavd ST HIT elax: I UHRAT Hici claxded Udl gl [hRauarTe! aroRal
SId ATel, IRq Y, TRA et gal uiiaed d¢ & 101 TRY rcialt gar SIfor
S{TIUTRTAT §ad QST HRdh (AT B,

g GIETAT BRPbHes gal Hich] Clavee YdRl . JHTS! HISAT gRIURaIIdh
clavd! SMaRgDhdl HTe.

A Higaad! T o 318 IR f9ggd U T SHiRfeT Td ST 3%,
T TIeT ST TlaRd GF ISR 31Rd, Sdidhdl ARG digs iR 3MfUr vaferd
Pihic BAUREIID Clav.

(Mechanical draft)

AFPpd fhar BITS gTUe HfeT efar (Forced Draft Cooling Tower): a1
UHRA FHici clava e gl fhrauaridt GeAme aiaR &l Sifdl. Siegl UiaR Wi Uidh
AISaR Tl dog] Tl S UTudTal QU SR & ARTl.
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U1 fohRauamrat, & AR 1000 rpm AT HIR TR, HHTE dwd A9Rie Agal Hici

ClaR YR 31Tg, R UG 31T ! YU U ST ClaRar Sfdar Sirdl,

SR ClavaA] aRedT dTofell UNdT Sqa 3d R Tl URd Agar $icii elaR 3™
U Sl U TG &HcT RIYAATS! Faid A 318 3Nfor Aiaar emd=n wai
AHT 8. R, BIRS U oAl cTaRAed BAara! afdsl Mue yar 3for a
Tlq¥A] dBTRN daa STl 0T AR TG HiciT Tlavaed) 3T MU JHART 3l
SATIOT <Y T elavean RSRTHT Saet Sl

Vapor
= Vagpor
‘ - Vent %
—_—
_~Fdl » _~Fill
o " 5
8 At Vent IEREEE s Vent
B REN i "\ / Al
TYYVeYY "
S b intake _\j_d hr intake
| —| Woter basin. o —| Waterbssle
(A) Induced draft cooling tower (B) Forced draft cooling tower

gifA® Agar ( Mechanical draft TlaRAYA gal dBSeRIH fhdl HTGUITS! UlaR-dTferd
U Hicd aruRdl.

Induced draft — fewmiar @R &1 sRycar aiie Ager elaR S
ClaRAY g1 IR Wadl. UET TRY 38R gal ¥dTd dTeR UM . Mg gadl Y%l HHt
3T STER USUarl 3= a7 AT gidl, SaTe Afhaei=d! JFdl ST gid SaHed
f&earst daidi gaT §51 gad dTgd. a1 U1/t eI 1-Y 3r¥a! TUrdTd .

Bis gIFe  (Forced Draft) — 9a- $RaMT sal3R UHRdT Gl S¥yae Jifd
TGl <lar. URaT TlaRAY] gl dooias] hrdl, ST gadl 3o YRl 3101 HHT dex
ST ofl A1 Bidl. HHT §TeR USUIRT of AfhaJaRuTa] SIRd Hda-Ted Sl
gaed] HaHTaR g, U Siferitd R [arjd s1vare it el 3i&d. STuRdt
Teh el 39T 3178 Dl Yok S0 (STt TrH=Id: YHded URa agal fegmguan
SR HICY YTkl SHTAID 3.

o= St S Wwel Burl 3o RR G1aM B HRUTTE! &Hdr . 31
rehard. A1 U1/ YAt soil-3 3rig! BUrdid .

B 3RS ToRd S0 (Fan assisted Natural draft)— T dHRd ISR S
Fafifer g e srmaRar faudy, St g UaTeTel UaTgR Had dhall ot
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Wic HeT-T (STUNT CTHT)

Unit V PLANT MAINTENANCE

fawg fArea=it (Course outcome):

Apply relevant maintenance procedures for given Chemical process plant
equipment

ged SR (Theory learning outcome):

5.1 State objectives of plant maintenance.

5.2 Enlist types of maintenance.

5.3 State duties & responsibilities of plant maintenance department.

¢@HTd (Maintenance):

<@y (Maintenance) @ sexmdi@ HMH (Machine) 3o Iubror
(Instruments) e HETAT R Square Uiehdr 38 Wres AR S
(Workability) feg Jrgd 311 e S a1,
el MY v R daul, A/l Sieset 9ot fdhdl @HTd HR0 ard
THIAY 3178 — TEIEI MY v/ WRIE 80l § ISV Ulddl 3aaul 0T @il &
R 3901, g HahedHT e U Hia@d o
S@HTA 81 U ARy #=ie fdhar aravr are I it aikiRidid Squart
faftra sfor arad ufdhar 38, Soide o HIUde! JHAM (bl JHa F gl Suférd
HARRT fdar Ja1 &3 Tahd. fdhar
TG (Maintenance) Tt 3=t RaAT FHelt TR B,
. TG 9] fedhar Sauamre! fdhar Jarama R gAedaiid HRUgNIS! Savad
3T 99 fopaiAed AR (Servicing), §&d (Change), go, AUt 3ffor Rt
JSdres Ut gl GHIA 3178,
- R Sua=/dT areau!.
Tt IUHRU HTIH HRIRT 39U,

wie #e-1-9 (Plant maintenance):

Wic HcA-gdl R 3R el e I, SewH Idigd Yi§u (Stop
Production), 3f8¥esl Ju 30T dlel cT@vaTal daA™dt (Avoid loss due to
machine), T4, ITHRUI 30T SR IUBGIV HIIH ITedT TR R (Good

Condition) 340! e Wiic A= (Plant maintenance) TUrdTd.
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Unplanned Maintenance | « | Was the maintenance | - Planned Maintenance
' No job planned? Yes
3 : {
Could there be - ~ Corrective « Isita
Serious consequences? No Maintenance | Yes Breakdown?
Yes | : No
. Then it's to prevent
Emergency Maintenance a break dEwn
) - v
Is the work to be Preventive < | Areonlyconsumable | —
done already known? < Maintenance No being replaced? Yes
Yes | 4 1 No ' !
Is dismantling and - Examination
test necessary to find out? | Yes
No {
Inspection N Cond_ition-Based
: Maintenance
d
.. Is - or must - the
| machine be stopped?
1 Yes 4 No
Is it a major Shut-down ) : .
Ye 1 |—7 job? - | Maintenance Running Maintenance
No, . L
Overall * Repair Servicing DE—

SIS WO oAy q@HEl [daR oar uifgsl. geardiar aied]
MEiAPIES (Good Engineering) @HTE THXT S0/ YHIUG HH! 813 dbdld.
SUDHRUT d HRT ST TRAR & UG TRl 3d i HRIGHAT =Tl SrTdt S1for
d FIeUl fdhaT Seaul AU 3RTd. S med At iR, S fdhaT A8 ¢idh 3 IR
USROS fohar IRV T IUSHROMATST GR=Mt SNSRI SHAAH 31T, e
FHaedl AT GEUTE yunaiHed Wie  Heq=g a1 (Plant Maintenance Chart) R
PN TP 3G,

PIuTATs! fAafoId qguTe/fRuct RAR1eror womediae) seer3+ (Breakdown) S&HT
oKt AT fARAWor Yurmelt qETfdy Srmal. qHTd Fraradid ded ded fdbar R
TR SIgH fhal oo S RN AoHiTe Hak YR HRUIN J&H HRd a9d
TR fege P fhar Siydd Wi sfesguard S1for ggell aRgIa! Fivel quRitel TR

PO WA HGd Hedl,
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fR e IRY BUN TR IFg HruGdE ufRremr 0 (Educate

operator properly). Ud, <o, Selfazad Rl (Electrical System) 3for gRgHeTH
(Instrumentation) T8 Td RITUT Wic g IR AU SaTaeR] 3y, i
Ufchadaed JRET 0 THIAY B0 STa=d 3118 of SUBRUTHL 3FRIGHd U ulasfed
B

SR Ao esrsT (Shut down) fhar 94 g7l (IR HTHGSITGRM)
YN UTEUOIST SWHIT okl TIdl SIH Yigqul Ay 3R, 3r=ft adeifees anfor
MG, VCS3 &l UidauTdd g@HTd (Preventive maintenance) 3iTg. 3= fAfgd
g Uau, "Ry Sea (condition based) ¢@HTA C@ia Ry FRI&mr H0!
T 3R, fofewr Wes BS 3811 Hel aToRedl WUl fafgy UeRel ayta 3ifor
TeaIaa Welt fETedT 3T Hed WY FHait TR,

Decisions on Maintenance

DIUATE U JUleidl &7 gq Ua=lt gRfRdt (Failure Situations)
i o JUT SUTR (Failure) Yiafquarrdl d@ar gowdl, daal SAIfor
TfERITER (Servicing) 31Tg. IS THAM Fad Wic, TAARH, IUHR0Y, J1gd T
GOXIAT dos SIfUT SUETTd dl, HTerH 30T TaiaRur i< Yeid wdd! "abid
I BId. A @A TaTar A faaR T s el dRdg S SHTawad 3%
YT foparargivaed (Maintenance activities) JHTIAT FTET -

1. I B9 (Running Maintenance) - SdTGATd dTe] ST UTSTHT ST 3TUH
GO hTH BRI,

2. AR (Servicing)- Qs (Lubrication) 3f0T 3feRgIed HH HR0I

3. 3dTe" Ui (Production Help) - A= s qomiford Hur.

4. SHSI3H, (Breakdown) JuURTES fhal SMUahIe- ¢@HTd  (Breakdown,
Preventative)- geaiedl HRTHT AT ol Rl

5. fycft-smenfa S@uTa - sRRf3d Rt (Unsafe Condition)  @&d O3 fAaifora
TT0T STIOT Go&ci! BRI,

6. cer3A fdhar ufadurd® <@y (Shutdown)s- fifsd  (Planned) fdsar
fraaeiiae gl (periodical testing) 3T GG RITIE GOt HRUI.

Heag Sffdef@cmed (Maintenance Activity) URUaTsd Rerdt @30, 4w
(Cleaning) R0I, UISUATST HISU, go&l, Ursl, dfcgm(Welding), 8fe ST (Hot
Tapping), YT PIg <IhUl, gol 301 Rftfdm (Maintenance & Refitting) 3=
JhRd Y Aehdld.

fayrmgar it (Reliability engineering) Adia mfedt wfasurers
S@YTed! (Preventive maintenance) TS HRUARITST U SUGd 31T,

3UHTd fdar dibrerasd R, Wie SreHersH fdhdl 3¢ gowial Td 813 bl
3T TR 3w 3101 YAl SUGed 3HTs.

Maharashtra State Board of Technical Education



mam%@w (313339) Utilities & Plant Maintenance 313339

IUHUAT T TRl Ugdl Ul ddar YI (Early failure), Sdd
3O (Constant failure), e UTRT (Random failure ) 30T YFpar SOgY
(Wearout Failure).

AGHR AR (Early Failure) goaredr dRUAA

(1) IbiEbl AT (Wrong  Structure), du=ild, Ad€ (Selection) 3o Sieidb™
(Construction) fdar SdreTdtd &y (Production Fault).

(2) P TN MY, gowid! Ugd, Seat YT, Rt 3o wxre s uRfRcd onftr
(3) WIC-3M4 (Start Up) Tif® (Mechanical) fdrar araa™ quma giem SHa gidl. 98
T, quRlid, Oifed offdl AR gew«il, YAwREHl (Restructure) fdhar sget
(Change) B0l 31 3MTg. FAfHd qurauiiges ST HH! 813 Xhd. JTSIhTd 3T+-
e T, dEvE it quratht 93 seergd Hed (Breakdown Maintenance)
HH! BT

ST AT qaRI=AT UrI=aT g orel

(1) Wiic fdhdT YT 3@l (Identify Parts)

(2) T HIT AT BT 31107 (Separate Parts)

(3) IR TR IU™ S &1 dfcw, Hicin, fSUIRESINT (Depressurizing), ST
(Purging) 30T ATHAHTS (Cleaning) HRUI.

g IR RIEH (Work Permit System), TRfHe e 3iifST (Permit System Audit),
ST SHTFOT Ak 3TICH (Tag & Lockoutes), UTaR fdal dhd e SR ATgR GHTe QRI&d
30T UGARIR Pl oIS hd. S@HTE BTH HAMT IRg T1eF, fafte w=iF (Lifting
Machine) 30T IUHROT 30T Jafaaes TREOTEAS (Physical Safety) SUBRUl ATORGH

grfgeid.
wie He-T-adl 3fe® (Objectives of Plant Maintenance):

Wi Hea-ad! 3fed @reitel YHT0 3MTE -

1. HHId HH §HS3T (To achieve less breakdown) TeT HRUTMTAT 30T HHId HH!
TaTd Wical aiTedT Ry oqul.

2. I ScdTa UidedTdes BIUIRT diel HHT (Reduce loss) Ul

3. HHId HH Tald Wica givtedn Ry (Plant in Good Condition) 3dur.,

4. TR 31101 SR Glaem =1 (RYcfid Saean uifgoid SarHes i1 HIvTdTe! AIITRIA™
i1 I¥AH (optimal ) &HATIR aroRdr I,

5. HRETATAT SEHTT f[THRTHS HREFITAT SR [GUTTHT &iea STl GHRRNTS
IS Scied] AR, SHRG! AT Yard Iuasial gHEd gid.

6. TN MO Aiegw  (Service) Heiedl SUBRUNGR SETGATH 0Tax 0T ATghid
FHTYT UT H0I,

7. UG IUGdd 3901 IO JRf&dad Hids eTes .

8. AT dtaar (Disturbance Frequency) dRARGAT &H! BRI,
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Wi He-—ad "g<d (Importance of Plant Maintenance):

3MYFA® INME, ISR (Instrument) 30T AR (Machine) 81 THUT
JdTeH UehIdT (Production Process) Tdh TR Hg<aral HIT 3iTg. A=y I 3for
A i [Afspsy fdar Sr39esd 3fde Hgr gldl. U1 $RURGY, Wic I (Plant
Machinery) TG @HTA BV 3dd Heard 3HTg.
Wic HeT9 a1 Ysamed Wi JfauT T IudHRon=n e dremmh
Yefd Id BrHfET IHEGR gidl, d i f$mgT (Design) badd BRI quf Hrugrd)
FHIYAGRSD UTdedaR HRETUTAT G@HTS [AHNTHS SREATAT SR [qHRTHT i
DTS HTIRIS SrcTed] AR, FARG! AT i ST HIEd gid.
Wie Hea=T fAUrT= S14 3for sraraer=a
(Functions and Responsibilities of Plant Maintenance Department):
Wie He-=d [AUNT ST 9 o Tl THTO 3TRd -
1) TUUlt (Inspection)
Q) SiftifAdt (Engineering)
3) S@HTA (Maintenance)
4) g% (Repair)
5) 3fiegRard (Overhaul)

6) S1YhTH (Construction)

1) qURTOT (Inspection):

1) sextadia gfauih (Facilities)duryoll &= Qi Rt quror s sraads
oKl qUTUlt RO,

2) FSWITENT IUB! (Instrument) 30T TR (Machine) TR 3o wrdem
TR G HRuarndt qurofl 1ol
2) Sfirgifet (Engineering):

1) SMmiFeme gemdld (Engineering Industry) SUdxUl 10T Il
gradid  faure oo Hruard faeme At sMfor Suauiaed dad 31 YR
O AT FHA g,

2) JdTed ydded® (Production Supervisor) T SfAiA®T Jear <o,

3) @UTA (Maintenance):
(i) SeTdIa fagdM (Existing) T5Gm 301 IudRUIHl SEUTA 60,
(i) SrfErAifenT Sfor fAaford CauTeltdl sigdesaut S,

4) g&HIT (Repair):
(i) vldeuTdd G@HTA (preventive maintenance) I 3TGBATSRTHTUAGRS
ORIt gR HRUTTITST GURTHS ol (Corrective repair) o,

Maharashtra State Board of Technical Education m



WHW%@W (313339) Utilities & Plant Maintenance 313339

5) 3figrgia (Overhaul):

1) 3fiEeId WU B (Instrument), TFAHA (Machine) IATGRIRTAT Wic
gfauta FRford (planned), /rega (scheduled), TARIA ( reconditioning ) @ G@HTd
(Maintenance ) &1,

2) 3figgianed gqa (Replacement), TRIARd (Reconditioning) Ul 8T THa
&l (Reassembly) 3. HH Idra.

6) SIYHTH (Construction):

1) Plel S, Wic Head fQUTT 8T IUHRUN 101 HHAR! RATAEE! HIH Hal
30T Q HHARY FieBTH HIVAT HTHG! BT,
7) ATeew (Salvage):

) SeXmY, Wic B AU g1 YR (scrap) fobar sifafvaa g
(surplus materials) STTRIT TS GIATS e,

8) ®IRP1 &1 (Clerical work):

1) S, Wic A [qUNT 8T JTehd ardid Ybls dadl -

a) Ward (Expenditure),

b) SHRA 30T IdTe" (Building & Production) SUGRU Hgwdrl  Hidl
.
Wie Heq=d fAUTT U R (Types of Maintenance):

1. QURTHS fdar wfgd S@ura ( Corrective or breakdown maintenance):
2. Aegd ¢@HTE ( Scheduled maintenance):
3. UfdeeTd® ¢@HTd (Preventive maintenance):
4. YIS gad ¢@yTd ( Predictive maintenance):
1. JURTES fhar Wiga ¢@uUTa (Corrective or breakdown maintenance):
ST At fJars (Machine Fault) SITeaies &1 Yidd. a1 31y, S@uTd
gokid (Repair) &M dd. Iadmal (Old) eiedl IUHUMET  go&il dball S,
3areuny - AR dee (Conveyor Belt) Bleedn (Tear) fdhar 2mue (Shaft) decard
Safacd Hiex (Electric Motors) ¥ BIUIR A6l I UHRUMM, ¢@HTd faum
(Maintenance Department) 1S90l qUIIG! SHTFOT SHTaT® g« (Repair) B,
SEHTCTT Tgaitar 372 ST gl &1 JUBRU! AT IR ot el
STa SMfOT § e 9T &1 (General Work) A1g¢ &= X1dbd ATal. =11 IR,
I fAUTT U fAUFTET 8’ &Y (Problem) JURUIMNTST Hid HRdl. c@HA
PR AlH ASIU qURIdId 30T HaTH o] HRANd. [OurS govd HedMR,
TEUTA FRUIR @b (Maintenance Team)J8T USROG fars fdar faars geuda
U 16 AT
URTHS fhar Wisd q@UTest RO (Causes of Breakdown Maintenance):
(1) Sfiof (Non working part) SITeiel YT SG 04T SRARRGT.
() IO 31HTa ( Lack of Lubrication).
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(3) el ReHas (Cooling System) gatel 01

(4) TP qiwiaed (Simple Problem) Sgri.

(5) ST ekl 341, YU HHY fdval U §Rd sglees (High Voltage), gabia 3449 (Wrong

Fuebhs.

(6) SUBRUMAT SHUAIGed (vibrations) gae HU aad  fhrom=ar daamdqd
(Moving

Machine Part) STeX TSUIR T 31aTs (Unusual sounds) 3.
SweI3 He--ad B¢ (Advantages of Breakdown maintenance):

1. H-febfewa (Non critical) SURRUMETS! & fhHIAaRIR 3T i w9 Jfor

GOXI T SR HIUTATR! UHRAT GEHTUET HHT 371G

2. g1d HH! YRGB BT JHIAL B,

3. HIg! Alc) AT 3R

4. HHId HH HHATET (Less workforce) STa=gesdr 8.

S®sr3 Hew—ad die (Disadvantages of Breakdown maintenance):

1) SHSI3 MG TG T AT gid! . IS @y (Maintenance) @R1E @
YEETE g 3P ST W faete g,

2) 3dTeA1d °e (Loss of Production) gid.

3) WicHe TSR0l FaTed™ BRI (Frequent fault in Machine) giara.

4) 3gTdrh dreaet (Increased Accident) eI, HTFRTR 31O A=A Grai-ma! wH!
GRI&T.

5) 31fereh WRIE HTeial A1ied (Faulty Parts).

6) =TI = gIdT U diel sidr (Loss of property).

7) 1 WicedT g% aUTHe aRdelgR (statutory provision) f@fd (Control) Fean
ST AT S SIS He A= aiiR ddl oS> [dhd ATe! 3al. o, ferae 3for IRR
ITA.

2. q8gd A9 ( Scheduled maintenance):

R faure fAifoid (Nonschduled macine fault)dgdH gld A6l 0Rg
ST BT A 3FTeRd drdl Ad. FRAST GaHTe aTel Veges Ao el
UM ST ¥d Wie T IUHR0Y, I, gaFeiRa (Schduled) I@TUAGIIAR
SR TUTRIUT Ty 3,

. YA A< Bl U Red-g4-a1gd (time bound) UfehdT 3118 STt S S13 IS U]
JEIM el ST,

« YD 9 AN dH SIS 8 SIAI3T UbTardh S Qebald SHTOT WU o HHt
CA RIS
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- GERYETT T UG Hed hlel SUBUIE! qurult (Machine checking), Jfsia= Sfor

GOKITT (Repair) THIARI BIdT, STHS gale dhedTy Tl disc URUIH g3, Tahd.
« ORI NGRS AR B9 UGdrdl faaid dbal Siidl; UIvara] d $ai
TR I B0, SHRAIY gTse arsr (White Wash) 20 S,
- g faaeTiad quraoh (Periodic Inspection), STHY®HTS, ANHRE SO MG
JUHRUNE! Gkl TR feh T araid (activities) THTART 3Tg.
3. UfaeeTedT® S|UTA (Preventive Maintenance):

gideeTdd @HTd (Preventive maintenance) 8 S8 TRel AN grogrgdf
&l (Non scheduled) STTd 10T ST 3UTET IdTe- Iy fdhar AT faareT=i
(Major Fault) SroadT HH! HRUgmET 8 3¥dl.  Udeue® cauqd 81 Yegd , i
SGUTCITH Th YUTel! 3178 Sff Sh ST c@HTerd! YHWT HHl HRUGTE] TId Hd.

8 Ue eg-37-e1gH ufehdr (stich- in- time procedure) 315, § ¥d SUSROTHE
HAGHId fBI0 (weak spots) =ned, i Faffid quryolt (Frequent checking) 3ffor
faaios ot (General repair) H&- U S ST YIdhT HHT B,

gideTa® @l dcd 3 3T BT SUARTAET Ufdde e 3T,

DEPTT-I
WEEKLY MAINTENANCE SCHEDULE PRODUCTION MACHINERY
C-CLEAN, O-OVERHAUL, F-FUNCTIONAL CHECK

MACHINE | MACHINE
NO. |[DESCRIPTION |1 |2 |3 | 4 | 5|6 | 7] 8| 9

1201 Lathe C 0
162 Shaper C 0

980 Sitface grinder E

650 Milling , F

Fig: Weekly Preventive Maintenance Schedule
gfddeTeE® S@HTE (Preventive maintenance) e WIS TS JHAY 317

1) IUYHRO 30T THAHUE a@1aed! (Time to time) TURIUN HR0F &1 AT ITGH
Wied (Stop) BId ATa! 30T IUHRUT 3101 AT BT Bid e,

2) S AEA IUSHRN IO TAATEAHT U TIR go&il d c@HTd HR01. 94
e Ui (Preventive) SEHIA ®IAGHT idbed! gursl qureult, fardt daT
JUIOft PRI § MYUITST A1 iR 4 =il Tad dda oirs, Kdhdl.

3) JUHRU! SOT TR TG T ST10T RITGAT HROL,

4) AT JUHRUI ST TR TRA-URd G@HTA B0,

5) TRIIT YHIUNG IUHROT SO THAmd qfeihRE (Lubrication), IThawTs
(Cleaning) 101 $HR<I Ui (Building Painting) &0l |
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ufaauTeT® @l 3fEP (Objectives of Preventive Maintenance):
Uit d cuRErdl 3gd Jeiidl Tl 317G,
1) UAEUTdD ERTES S8 A8 3 BURI HIUe! TR QMY fdhar 3us
B UG IdTe Y fohal Hiddl SihSI3-Tdt el Hl D),
2) ST AL UGN 107 TAAHYUT A5t IueTs 0T aTRITST TR R,
3) dedldos! TUTHUTT SHTION GI¥i SATCIGR SUDBRUT IO T Hed gl
4) TSET Y ISR 30T TAATRI IFAH (optimum) IATGH HIIEHT I,
5) S| AW IUHRU 0T AR UR=e igehdr (Operational accuracy)
G,
6) SERWIAT HIHAT (Maintenance work) TSt HHI HUL.
7) T HM o Waid SIRdtd oI SdTe- [Hesau,
8) HIFRTRIAT Siia-TdT 10T Sragareht gRem gRfdd wo.
Ufae TS dEdd B (Advantage of Preventive maintenance):
1. SSEI AL §Fh I3 A Hde B3 ded (Connected down time) HH! HRUI.
2. SSKI A OIS ARTUIRT STGT ded bl 0l 3101 SGHTTITT SHTOIRT SiTal
5 HH! HUI.
3. SRS 31feres JRIEar Fdior ol
4. HH! AT THTMT 10T GRIGR gowl (Repetitive repairs) &0l .
5. GEHTS STIOT ol Wd HH! PR,
6. TS g1 fohal SRI&M IUHRUI (reserve equipment) 0T e HRT HHT HROL,
7. 3 SEHTA T HTALTH 3cied] IUHRUNT 3 HRUl,
8 IdTeTdT g ®HI(Reduce production cost) &R .
9. SUBRUIY YA dleat (Equipment life).
10. 39 IdTGA Joras (Quality of Product) gl
4. YfqW_Ya® ¢@yTd (Predictive maintenance):

HRE® UHTS 18U Sel-aTfod, (Based on Data) Ufshd SHIE TGl dloR
HO ST SUSHRUNAT fRUe foazawor Sxuarme! St qayTe w4t ol SdT amT s
(Prediction about maintenance) ®TGUAN HEd HAId. GEYE H@] Ho! Sidl g
e sIaugNel dar-Adie IueRuidt fRydt Ruikd wRvad Aed wRuare)
YT ga® GEHIG o3 TIR $Ho! 0T 3Med. 81 T8IbH HIHER fdhar dosar snymid
gfdseTd® (Preventative) cavd=dl Tdid §dd ®R0ATE SRANA odl, HRUT BRI
$ad HARAD AYAHE Dol Sldd. 3R UbR, TERT AT [Py ez
S{ETSTR YA aR ot RUcH-3TUTRd U TUH TUrS! SiTd.

T TR RGP Th ST dTeedl Tef dYTrTe! SOfe 3R, a1 Yagasid
JUHUMTHE ehe TR SiaTSl AauarTa! araRdr STl 10T Jad YRR Hiord
13 Qb ST ATHed elehid G@HT Gokird! AToiT Sddl Ad.
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JUBU! SR SIogr3fefl AT e AUt Hidwgad d@yTe T-d! 31
fhar gar ddga=iid IuadR0 S @I SISl 719, (Audio Gauge) HU4 faeive,
(Vibration Analyzer) THeiieyg Hiex, (Amplitude Meter) &Td, dTaaT 3o UfaRies
T 751 SATEIAT dTWR . fhedt USRI  (Moving Equipment’s)  dTgR JUIR
SRTHIY SHTaTS T SR 3aTel AIadld, TebT &U7 SIRd TRH 3rdel saiaee bad
3reguliar 3iaTe @rad. g Jqrer Wi 3w SRR URRU (Adverse Condition)
GRIq Il 30T 3= THR TETT T Sars] g b,

HiS_@® (Futuristic) cav@ie, IU@RUN IR oMY d@iaa! fdhal dd
TRIRTAT do5aR HRATs HIVART J&H Hd. 3ol /U Saerd! givgre Hidifam
JUHRUM T S dTead.
YIS ga® @A o3 (ATFd1a "aeH):

1. &T: 341, fihrer IuSHRUELH (Moving Parts) SR 3fTdTs! dd 3T,

2. Slesl: 3l UMY AP HU= (High Vibration) fohdr g YN Sfeqd®|(
dislocation).

3. Wl Ja1. IuHRUI i araq (High Temperature).

4. ATY: I, SUSRVITHL SRATHRT ¢R (Smoke) Fed iR,
YIRS ¢@UTA GANT3! Sradadd! Jag-RiTe |IeM:

1. 3TS3N TS Ial. fhraT SUBRUMTHE SRR 3fTars! (Sound) Ad 3Tg.

2. HU AR Ia1. IUHRUM i o (Vibration)

3. JUSHRUN fAfeeh AUHH(Temperature)
4. ETd, dT9HT HTOT UfaRIees dTuT HIUeh: 31, IUBRUNT IS araH.

3TH-ATSH @HTA (On-Line Maintenance):

S-S SWHT Hedl, SUBRO BT U ST STHTA HTH B ol
JETER:
1. Aerie= aifFars ¢@HTE@ (On-line Maintenance of Rotameter):

eHier g1 I ARy UsRdar &Ruagda TRar wr #iex (Vairable area Flow
meter) 318 S §¢ AIAYA &4 (Liquid) fhar arg (Gas) Tar &Rd SRIAT $hId-
JaRMd (Cross section) &MY dad H& yarg Arodl. JeHexdsd T cUs g
(Tapered Tube) 3RId, TG 'Fiie' (Float) (3MHRM doH, THelsss AgH—ad
fhar RRMed s0d) SR HIedl g aa 3RId, ST JaTer=n 31 HIvgR (Drag
Force) &R g@ac oiTd 30T @rwyum (Gravitational) TTel Qad! Sid. AeTHeT
(Rotameter) TR Ufshal IYNTHA WicHe e/ S Aeid arg 3101 Urvar=ar Yargla’
el SAUTTST BT Sidl. Jerier T e garg Hiex (Industrial Flow Meter)
318 il d 31101 IR UdTg &R HISIUATHTST aruRel S,
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Flow

T Flow

Fig: Rotameter
DA Wierned, 39 AR Hed=d (Online Maintenance) ¥ &R0 g1 Tk
T UGd 3116, § SUBRU! fohal Wicd YUl [CST3A elad. IURUIAT a3t arg uied
fOpferT Safdear § X1 3Mg. Il THO 3MFHdld GRAGeTIHI0 UTey dre-Hed el
HieR 38, SR YT T Hieal geddl el Uy Searddl Sd, ak 3100 38y
(valve) 1 30T FSU (valve) 2 §& B dhdl 3O FSU (valve) 3 Iug Abal 30T
SN AISTHYH d do5q bl
JeTHierTed HTe Uy deodMHdR, ST (valve) 3 8¢ BT AT ST (valve) 1
T ST (valve) 2 IUSI. 3= UHR IATGA A Yiddl SleTHE T@HS B
SURRI TG 21 3Te.

Fig: On-line Maintenance of Rotameter

2. A U AMTATg- g@HTA  (On-Line Maintenance of Steam Trap):
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WY ¢ (Steam Trap) § Waddfad &leee (Automatic Valve)3rEdid o ¥H
WIAY hots ¥ (be-ic) (Condesed steam) Wedrd I U arthd HAM
TS dTd. o AMhedl SR AAlH-the-~aad di ¢did Hlgd crdhdrd.

W <™ § SR TRY &0l fdar ufhddrdl IWrar (Process Heat) IR0l
IR AR $ UR USTaNd! athel Hell Hri&Hdl I[UIEST f$3me— dad
3{Ted. Udhal aTth-l Ul UithdgR SWIdT g&didiRd dball ST TR groft 9af ®F, d KA
SR (Steam Trap) wo~ic BT Higd cIdhd ld AT dHeic Red agagr
TIPS (Boiler) TRd Id fdhaT ardreaRuNd AISd S,

W SR8 AHIE: IRING UihaJaR aiieRul ddl offd Saies o Susdrd Sl §g
giard. ¥ o ofF ugE ot

1) gifAd (Mechanical),

2) YyHfefe® (Thermostatic)

3) YHISIAATH® (Thermodynamic.)3Ted.

ARG, HTE! TIH <O AU THTUET STRd G Jofieht df¥reed Ted sxard.

ST hexd UISCHaR §olR] Ale! R APbel WIH <X 3MTed § T&ld o, 31 U
TR B HUMAT KH g XAyl okl SIaY a/T oS, dhdld, KIH <ol
GRS Fad i1 waftd wod oo uifgold. fSgmsd e avlesar, ¥H ¢
ORI GIF Hald A= HRU IGUIS 3flegarg o S1for =T,

. NS (Oversizing) € <& WU HolU HIH HAld. Hlal THRUTHE,
I YRy 4 dTthaR 813> dbvll.

Ueh IaIeR0N WU, GEd b dgd (Change in pressure) 3T 3dcl
dbc WY ¢ e G YT 1 [dhdl. IMes d1gal! ged, Fed (Valve) IT8a™g
YR UTSd.

T A (Steam system) S8 97101 dOR §Id 3RId. fANH foce-
3T WRHT 81 hd fhdl dled ¢ BIVATIRIA G, . °T0T JHEFI: UTRY Ihd
(Pipe scale) fdar drgeRadta ImrA=a sifdufbargs (Repeated chemical used in
boilerdaR gId.
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Float trap with thermostatic air wvent

Fig: Steam Trap Assembly
W U= TS @ HTeN! Ufshdr Wrelte YHTUr 38
(Procedure for on-line maintenance of steam trap are):

1. BTG WieHS 319 AT He-=T HTH B0 T U7 3R,

2. qHes ITSRU! fhaT wiie quivol §g vl eTesd .

3. SYRTIAT 4B AN UTs Y fhfcvol SHfde g X 311G

4. SR SO0 Uichd=dT UIRY WY TE 9 UU §9ad d),  SUU IdieA
YT IATIRIGR G0 g% B dhvll.

5. W@ Bleg (valve) TTAT GEHNIS! UIRY ARAHYT Hlgd cldd 3&d degl
28 Uit (blind flange) SUTE 3MTg. 341, GUTHT TR W8S Blegdl &es Tl
ST ST SIOT ArEfel 8T 7 il GEHTS HRUIMTS! UhHd HaRH dled HIedl Sl
RGN

6. NUgeR, fefedz™ ®icH, TEMURR INR™ IUHW SR T3d (leakage)
A R IdTG YiSIRIGH TaUTe e BT HRU HAI 3o,

7. PIUATE HRUTYS ST Y= (insulation) WRIE Bid, degl dlee g
fAf8d seaTges I@re (production) T Yigadl d SURIT HRUI JHT TG

8. SR UTRU AT fdhal SUSHRUl I YA (High Temperature) 3R R Afdt
GERGRI dadl Urfgal.
3Gl AEST SHPHdld GradedyHIul Uiy de—qel TH ¢U (Steam Trap) 816, SR
S{TRTRAT T U TGl 38d, TR 39Ul dTed . 1 301 dled . 2 §& B Rrobdl HTOT
dTed . 3 I Wbl ST TU-UN A9 &9 do5q Weball. 9. ¥IH ¢U dGaedHaR
dled . 3 §G DT AU dTed . 1 30T dTed . 2 IS,

3T UHR AU IATE 7 Yigad A1 K IH U QU Gl B bl

3T $131 HeA=d (Shut Down Maintenance):

ZCSTSH HeA=d WISl AYUl Wie (Plant) fdar WiedT faumT dregRar s &ul.
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e 9 Igau=n Faford ufdeurd® SaqTe fhareeT (activity) IR TSl &1
T ST 318, FeST3 &l 3=l I 31mg 1Y IcTe wieHsd yied. e iRz
(Daily Operations) UadTd 30T TTUGS, THIHTS, TRION 0T IUHRO GoX BRI
IR ST -GaiId fharsemiar (activity) & Hiad bo SiTd.

T YT G @R, SIS HeA- 81 S@HTd 38 St SUBHRUI dTuRTd A
&l SIS, Ahdrd. T fhdl IuHR0 dg a0 SSHITET TERT (costly) 3 T,
U] BT 1des] HRA=0T eIy U / WEUMD SIS G@HIT HRUl TRuld 31d. JY
7= fdbar SUHRO! AaraTal (out of service) ST STHTAR HTH bl S,

TTe ST3+1 HeA=d ufshar (Procedure for Shut Down Maintenance):

e3 U~ WUl ORiiH, Iueul fdhdl Wi &1H $rd Aqar fdhdl §a SRIdHT
Dl SR G@HTelTd BT,

Y-S SHHTHIIERTIH A IS T4 TgMHETR! fohal aiftieh SHIamadiat!
dq dqdll SITdTd STfO1 Up Ul Wicl IUBRUITAT gaHTeld B UR Uredrd.

Y YRA3T YUl B HY HRAM 8¢ gldl. Wic & ST, Uy Scefu], Jor

(lubrication) =TeTol, wWicHdtd Td IuHRUI sfiegvaiteiT (Overhauling), SUHRUT 30T
Wicd! AGIhR INRE! SaUTEE H1H bl ofaid. g@yTd faurT ofor ufssan
ghedTdid clidh Ufshdd TEHI SHTed.
ICSI3 HIRIA & IHH HRUTM! ATl 3§ o P U B0 HTOT Ga1d HHT
HIUI, U SIx HRUI, AR AR (residual material) HTg €Ul 3¢l GBI,
&R (corrosive) fdhar fauRt IarM, urofl, dd, TRRIBIR®G IAR® (pyrophoric
catalysts), Srearuft for e gi<i fdegdre Arqu.

W T YT AT, SaIHAuId BT a1 sadT IS Yahd, Y HiT S
g YR 3MTg, IRV Sl IRGuIRIST 3ifehd arg (inert gas) fdvar gar (Gad
PO . TRA dd ATl Ui diee @Meh 48 ohdl Oiigel. ARy (Residual) gSid@E~
qTthH, ITugT fdhal UTodm J[G S AR dTth+ Bled SIS, b, & bR, gadl
Recaae) wRarf facht uifigsl. SR aruft e crdbid. [ad dre Srbcied Ygdl digH
Tl UTfgold ST RCSI3 TS RITUT dHedT Uifgold.

DHIUATG! SIS YCS3 AT AN, Wi T8I Y& HRUId! I HROT
Y UTfgsl, 31 UTfgsl S1f0T dige Urfge,

e STSH Ufshddie Heward ¢l 3Tgd:
1) T IraT A1 Afeuiie &5 (lay down areas) 3T,
2) JUHUl YU & g B, (Washing Area)
3) MY TE TR H-HT=IHT & RITTH R0,
4) QURE U], WeddN]g 0T IS T AT STaRIhdl BT 3Med o 3.
5) FT 31O WS § TSI THad! fhaTedhand (Activities) TR,
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Wi d¢ ®rugrdl ufshar (Procedure for shutdown of Plant):
S de HIeu VSIS IIe! Wi Yiedd Sdl, del Wie Y& HRugNd]
S{JciaT Ufdhar el THT0) 3Tg-

1) SUHRO 30T UISUARTHY ATEUIRT Gaucrd HIurdrg! TSaiRian, 3fesd UaTe &,
319 3101 IT9HH qUUITST Wicqsd grofl 9ol SR $Tel Tadl gl a) df gokd
Bl TS, AP, =M UBR  WicHH  IUHRUI UHUT ST qUNIUAT 81 Tdid JRfard
31701 T AT 3T,

2) THal HT g THI Ucd Bt 59 YaTe SHIVATR! HSIUNREN giall, wWiied Tpur groft
Pl T STd ST R §Bges AT T I HRAA TS ol oI HTOT ToaTesd™
31 GHATIR A &l ld. DIl fad Yo% &HdH Wiic drede Sral SfUr Wi
HTHR GUT FHTYT STeT6R o Yol dgdd =d S,

TESIS Hedd Bk IFR §8&! (Shut Down Maintenance for Sugar Industry):
SIS HTBTd YRR IV GEHTA @eitel JHT0! delt SITd —

1. YCSI3 HeA WU AR, IuHRY! fdhdl Wi ®H HRd F9dT fdhdl s S ar
el SR GaHTelTd BT,

2. XE-STSH @ISR JHG: IS W3 Jemre! fdhar aiftfes wremasharsdt
dq Sadll SITdTd SO Up Ul WiicT SUBRUITAT gaHTelTd HIH dhell SITdTd.

3. 34 R3] Ul Bt H¥ BRI d¢ gdl. Wic §¢ G, UcH Faaul, diof
(lubrication) STCTOl, WieHe T ¥d JUBRUNY 3fegxeie (overhauling), IR0 0T
icd! THUBTs ARG GEHTAE! BT el SITdTd.

4. THTA TAUTT 3101 UfhaT ehedTdia @i a1 Ulshad T HIT 3MTad.

Wie g HIugTd! ufehar (Procedure for Start-up of a Plant):

eM fobal e YeeAR wIe-3u frar Terd TR 3nfdr Weers ufsmaard!
ORI QraufiR} S0t Sra=ae 31Te.

goAIal HH T B, HHEE el BRI TIe-3Y fdhar et iz
T TR GRYTRG, ferRad SMfor I1d (defined, written and known) 3.

AT groft, §41, IS IR SUgad MBUNT  gRATd HRUl; [GIBRUT, i,
§B8®% TRH XUl a9, diUdM, Yarg 3fr ufaferar ® g FRlemr o), siaas®
A Y DI,
Tagie ey & o, Wher fhdl de=R 3., 3M1dM, U, a7, W@

(alignment), THHHTT (synchronizing) SATEId FRIE0T 301 § 94 Agw@d 3MTed.

TTC-30 G SR AT (drains) 39S AR, B Gleg 8¢ ged™, ghid dlee
ITeidd Srard, 3fdifed IRl (unwanted material) 3@ ST IaT. A—CISH Udsil
SHTTRTSI Saa-RNT UldishdaR &idb e UL, Toft S fawiTd g,
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facifaa dg fhdr TR B0V, HIUIdE! UU fdbhal ISR = F BI01, HI0Ida] Hobd gl fdbar
RARNeT S TS Senes bl BRIe Seniss Sfefl, Siegl d S1awad 3ridl
degl RIS TR fhal TWheR = A g0 10T Sexdld fhar feumed sror=y ufvomed
saifesa s fdhar ufafrar, sasime-aas gad fHyur, TRE da SMfor groanst Judh
TIYOr, > fdvar Tife Uadh 3. 81 SHT fawRid! (disorders) ®Tal SaTgRU! 3Ted.

grsuars,(Pipeline) &l (Valve) 3Mfor ISl (Guage) & 3@,
=0T SUR== 91 o6 H, A1 atfolt fohaT ffaivad-ax SMfiT WeieR Srader 7 el
Had IR WRHICHd! HISex-d&®  (Counter check) 30T e H-gara ALiefor
(Manual) 30T JaTeT gt QRf&rd wré-31d (Start up) UfhiNTa! A<t WaRaR! 31T

Jdaar! fharesan (activity), ST USdTesUll, gaT dig- eIl fdsar dfeT
BV, Y[ Haedl U A0 HIfOr faegdre, ol wigd <yl fdhdl Siedl, TRA
TG SATOT T SRR AraR def fod g,

WE-IUAL A&l GUATH! TRl SRad AR T, WeUISl Yeais salgey (blinds)
HIeUl, I SREY U, WheR  (Scrubbers)  fdhar fexamst @z (Discharge lines)
Fleg IUSY, TR Flegd (Safety Valve) 3mefl ek @leg  (Isolation
Valve) 398U, RS THRINE RIS = HO1, U Hici 3for urgfH, e
(Drain) IgSU, €A glegd 3HifRIb TSI,

JIAAT HRTGH dThdl i@ HR0, U] 3l SfeRuda Ura- ),
AIfemme) YR are, faid Il e@u, Siidmar <@ (Avoid Wetness) — 3f1for
YTRIS AT gadte S[GdT, TIHRIT 30T TSR A% BV, wRH IUDHRUTHYA gal
PIg CIHU], TSI T SHTOT ITed TURIYY, ho~uc fSTaSiTa! B HRUM-IT Tl
<Ol USdIUlt HRUI, arthd JRI&T fawiro=, uroft fdhar i ARG arg Yg HR0),
3l UTuft STg el oelt, TRA dd (Jeardiel U8 dd arad dTigel), (e ST
gBER TRH BV fohdl U HRU SATGINITS! BIC TRTTSR AR,

PP Wic GF AT 3BT I B,

1. SiegT o SiY Sid, SHRT SiTd S0 SATGARITST YU 9T bl Sld. IR UdTg
&R, 9 AT YA DIUITe! Tesc F Bl UGN 0T URUATSAHYA dTgUIRI &d
qUTHUATHTS! WiicHs aTuft 2ol g1 A Sidcisc SIuMRT UishaT 3iTg.

SR Ta! TSl fTgadal R ol gowd Pl Ol Xhd. THUT G-Il JUDRUN
PHTd AUIRITATT 8T Taid GRI& 30T W AN T8,

2. A& HAloul YCSISHAAS! Sl Wi Yigaa o, degl Wic & HRuaNIae!
I Ushar

1) SUBRU ST URUASTHYT dTeUIRT Gaucld ®HIUdme! T@diRrand, (Leakage)
gfwsd UaTg X, &1 31101 ATUH dUIUITa! WicHed groft 9oy,

Maharashtra State Board of Technical Education



SUYFTIAT T UfhaT qEHTS (313339) Utilities & Plant Maintenance 313339
SR DTl Todl gaal dR ol go¥d dell oS Adhd. 3R TSR wWicHdid

SUHRUM UHUI I qUIUIT 8T Taid YIS AT T AR 378,

2) Udel 1 § WHT Ued B &4 YdTg HIUdTe! SIUNRIA gidl, Wicd THur uroft
Pl T oI TN HR TRER CTATCTHM I HeRTd IS Pl SiTd 3101 cadresd™
T HAAIIR WA X HRAA A8 Hal M. 50% & Wie HIe! fqay araquard
Feuie e e S 3 wicen SR quf e reHaR @ guf emaudd Aa
EIGH
Wie Ave-T-ad Asgd (Schedule of Plant Maintenance):

SEUTA Ve[ STTGAIS! JUH Hoied! THM Withad SIERU Hxd. TEle B
fdbdt 9 aFld, d B B difgsl 0T FATe ITAK 3HTed BT § AU YUl I
3R, QST U HAiS qURIUI=A R FHfdd HR0 S Jaid Hred AT dRaRdT
{TTIH T YUl H.

AegfeiT:
1) TOTICI! T, e IO 3TURT HRUa I} ST,
2) SHIU FAYTRT deoear AH®IaR TR 31,
3) It fAHFT=R Teemaad e sifan ol wrar Suieed AUt Susor
CIEGIKGIH
4) fAYTTa Tde AR IUFTaR dqfad s YR Fafo exvad 3R-E 3,
UM D fAUNT T i e Hal Uifgel. qUTd deslUze dafdd 34Td,
AT Yegd @reitd YHTIT 3974
1) SEUTAE HTH URAT SIquT=AT dosd, Rt M fdbar AR 9 fdar gardt
GREIT ol SIS, Q.
2) FRafora IR TS BRIgT &1 S &1 ¢ J&d, Sl dle Bl JHTIOT 3fdrs HRUl 3,
3) AT HiauT gkt SAT0T Sl AT B,
4) TRST YRYGTY Y1 Wiie aIoR.
uferar:
ST HTaTeAT ASgfTTIA Jed: G- IRUNAT JHIGRT gidl:
1) G- ¢@HT dBUHS TR HRU.
2) TORNAAR ATifee fdrar Sfe a@TU® daR SR,

OReR Ty Wegd (afRIF Sraaeirs! caHTeia Td® gokil ST SiUdm™ S
faUTe @y ST ufvamr gxfad.

TS BT FAUTTRITST AFTOMR UHUT TS IR SHTIOT ST AT A& U,
THard IR (e ASTaT arordl Aife T fHesa T O ol SHram I5a) Dol Sildl.
AReR Aedd qard S ST S AR USUIRY, S0frd S SMfor A= JrHTg
YOS T HRM g SRIdd 3¥d. AReR Usgd fid drey shaiedl THUI
FHIAG U S qURNAIR desT0=eh TR Pl S,
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JURIR TIfed HTHTE IS U hiue 0T AT JAT HSISATd T
HANR! TdF ol $F $E axd aee Al Jaq $HRd. dqURaaR
UASgfFS /U fauTTT=ar ude faummrean Sfdr Tquf aure faumrear s
& AId] SHTTRID 3MTed. HRER VSIAYHTY!, TURITAAR dBT0HH Gud ddrad AT
SfroftaTofiear Fie=a1 QT YuaTy HaH 3HTd. Hefid - el fdhdT STadsarean

] JURNAAR dBTUA® SR} bl SIS, Qb

Udd ORI He AS[A dAR dhdl SIS [bd A0 o SEf A1d] Jiad e
Mredie) onfor afeRin, Teoede, T8 duxita onfor secvardr SR queid

January February March April May
Plant Ref. 1 2|34 6|7 |8 1|9 |10 |11 (12 (13 |14 |15 |16 |17 |18 |19 |20
LATHES
) [0S XYZ X | ¥ VA X|Y X Z|X|Y
? ASTONIRIA XYZ Z | X |Y X X\|Y Z|X X|Y
SHAPER
y TP, XZ X | Z X X X| 2 X
MILLING »
MACHINE
Yicisasy XY Y X X|Y X X|Y X
N.B. It is one, two and three monthly inspection for jobs X, Y and Z respectively.
Fig: shows the schedule of maintenance

1) fgsg3ra daa. (3Pt A qrRada 311g.) (Visual Board)
2) SfeiT &S, (Scheduling Board)

3) dufade H1S. (Personal Board)

SsgfelT Ssfan gand, dafdas dreudd e fafed qusfia srydra ofor o
UfagTRie FidiaTd! aruRd SR, Xehdid.
IRTATHTS Uy

1. Wi He-ad et 9. (Define Plant maintenance)

2. Wi B--d YhR T, (Classify Plant Maintenance)

3. Wiic Be-ad! 3fed 1. (State Objective of Plant maintenance)

4. Wie Ae-=7d Hgw auid &1, (Describe importance of plant maintenance)

5. O faUr & onfdr Seteer=ar Wy @1, (Write functions of plant
maintenance)

6. T gUI R -

1 GURTHD fhal dh 13 Hre-i-y.
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2 Ygd U¢--4. (Scheduled Maintenance)
3 gfddurd® He=-4. (Preventative maintenance)
4 YiIZgad By,
7. SH SIS HeAd! HRUI 8T dHSI3 HeA-ud BRIG T SHSIS HeA-d dle
ST i,
8. RIegd Ao quiH &1 SHTTUT Regd Bre-rd e Ji L
9. UfETeS Ac-aa! Sfe® T I HfdsereTe Bre-1d B forg.
10. SN Yidwgad Be-gdl 388 1.
11. YiI@gEe Are-ad quiH &1 T HITERE® Ae-= dAIe! Sfadadiedl gaeHT
<.
12. Ufdd TS e 310 dher3H HeA-aae hidh B,
13. iegd, Ufdduraded 31 HiT@RIEe T G B Dl
14. eI -3 B~ WY 7 fhdl AeHiedra! JHiA-Argd =g o an]
H.
15. WA Ut fiems= Hed=a WP &1, (Maintenance of steam trap)
16. Te-SI3 He--ad g 9. (Define shut down maintenance)
17. Wic & HRUGMTS! UfhdT A1, (Write process of plant start up)
18. WIiC §ig HRugrd! UfchdT &1, (Write process of shut down of plant.)
19. “IRIR IUNTRATS! RCSIST A=~ e feel Srd < JH=ar S<Rie qHY= .
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