
 

 

 

UŶit -1 

Steaŵ GeŶerators 

 

INTRODUCTION 

Steaŵ is eǆteŶsiǀelǇ used foƌ ǀaƌious appliĐatioŶs suĐh as poǁeƌ pƌoduĐtioŶ, iŶdustƌial pƌoĐesses, 
ǁoƌk iŶteƌaĐtioŶ, heatiŶg etĐ. With the iŶĐƌeasiŶg use of steaŵ iŶ diffeƌeŶt eŶgiŶeeƌiŶg sǇsteŵs 
the steaŵ geŶeƌatioŶ teĐhŶologǇ has also uŶdeƌgoŶe ǀaƌious deǀelopŵeŶts staƌtiŶg fƌoŵ ϭϬϬ 
B.C. ǁheŶ Heƌo of AleǆaŶdƌia iŶǀeŶted a ĐoŵďiŶed ƌeaĐtioŶ tuƌďiŶe aŶd ďoileƌ. Boileƌ, also Đalled 
steaŵ geŶeƌatoƌ is the eŶgiŶeeƌiŶg deǀiĐe ǁhiĐh geŶeƌates steaŵ at ĐoŶstaŶt pƌessuƌe. It is a 
Đlosed ǀessel, geŶeƌallǇ ŵade of steel iŶ ǁhiĐh ǀapoƌizatioŶ of ǁateƌ takes plaĐe. Heat ƌeƋuiƌed 
foƌ ǀapoƌizatioŶ ŵaǇ ďe pƌoǀided ďǇ the ĐoŵďustioŶ of fuel iŶ fuƌŶaĐe, eleĐtƌiĐitǇ, ŶuĐleaƌ ƌeaĐtoƌ, 
hot eǆhaust gases, solaƌ ƌadiatioŶs etĐ. Eaƌlieƌ ďoileƌs ǁeƌe Đlosed ǀessels ŵade fƌoŵ sheets of 
ǁƌought iƌoŶ ǁhiĐh ǁeƌe lapped, ƌiǀeted aŶd foƌŵed iŶto shapes of siŵple spheƌe tǇpe oƌ 
Đoŵpleǆ seĐtioŶs suĐh as the oŶe shoǁŶ iŶ Fig. It is the ͚WagoŶ ďoileƌ͛ of Watt deǀeloped iŶ ϭϳϴϴ. 

 

Wagon boiler of Watt, ;1ϳϴϴͿ 

 

AĐĐoƌdiŶg to A.S.M.E. ;AŵeƌiĐaŶ SoĐietǇ of MeĐhaŶiĐal EŶgiŶeeƌs, U.S.A.Ϳ Đode a ďoileƌ is defiŶed 
as a ĐoŵďiŶatioŶ of appaƌatus foƌ pƌoduĐiŶg, fuƌŶishiŶg oƌ ƌeĐoǀeƌiŶg heat togetheƌ ǁith the 
appaƌatus foƌ tƌaŶsfeƌƌiŶg the heat so ŵade aǀailaďle to ǁateƌ ǁhiĐh Đould ďe heated aŶd 
ǀapoƌized to steaŵ foƌŵ. 
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TYPES OF BOILERS 

Boileƌs aƌe of ŵaŶǇ tǇpes. DepeŶdiŶg upoŶ theiƌ featuƌes theǇ ĐaŶ ďe Đlassified as giǀeŶ uŶdeƌ: 
;aͿ Based upoŶ the orieŶtatioŶ/aǆis of the shell: AĐĐordiŶg to the aǆis of shell ďoiler ĐaŶ ďe 
Đlassified as ǀertiĐal ďoiler aŶd horizoŶtal ďoiler. 
;iͿ VeƌtiĐal ďoileƌ has its shell ǀeƌtiĐal. 
;iiͿ HoƌizoŶtal ďoileƌ has its shell hoƌizoŶtal. 
;iiiͿ IŶĐliŶed ďoileƌ has its shell iŶĐliŶed. 
;ďͿ Based upoŶ utilitǇ of ďoiler: Boilers ĐaŶ ďe Đlassified as 

;iͿ StatioŶeƌǇ ďoileƌ, suĐh ďoileƌs aƌe statioŶeƌǇ aŶd aƌe eǆteŶsiǀelǇ used iŶ poǁeƌ plaŶts, 
iŶdustƌial pƌoĐesses, heatiŶg etĐ. 
;iiͿ Poƌtaďle ďoileƌ, suĐh ďoileƌs aƌe poƌtaďle aŶd aƌe of sŵall size. These ĐaŶ ďe of the folloǁiŶg 
tǇpes, 
LoĐoŵotiǀe ďoileƌ, MaƌiŶe ďoileƌ. 
;ĐͿ Based oŶ tǇpe of firiŶg eŵploǇed: AĐĐordiŶg to the Ŷature of heat additioŶ proĐess ďoilers 
ĐaŶ ďe Đlassified as, 
;iͿ EǆteƌŶallǇ fiƌed ďoileƌs, iŶ ǁhiĐh heat additioŶ is doŶe eǆteƌŶallǇ i.e. fuƌŶaĐe is outside the 
ďoileƌ uŶit, suĐh as LaŶĐhashiƌe ďoileƌ, LoĐoŵotiǀe ďoileƌ etĐ. 
;iiͿ IŶteƌŶallǇ fiƌed ďoileƌs, iŶ ǁhiĐh heat additioŶ is doŶe iŶteƌŶallǇ i.e. fuƌŶaĐe is ǁithiŶ the ďoileƌ 
uŶit, suĐh as CoĐhƌaŶ ďoileƌ, BoďĐoĐk WilĐoǆ ďoileƌ etĐ. 
;dͿ Based upoŶ the tuďe ĐoŶteŶt: Based oŶ the fluid iŶside the tuďes, ďoilers ĐaŶ ďe,  
;iͿ Fiƌe tuďe ďoileƌs, suĐh ďoileƌs haǀe the hot gases iŶside the tuďe aŶd ǁateƌ is outside 
suƌƌouŶdiŶg theŵ. Eǆaŵples foƌ these ďoileƌs aƌe, CoƌŶish ďoileƌ, CoĐhƌaŶ ďoileƌ, LaŶĐashiƌe 
ďoileƌ, LoĐoŵotiǀe ďoileƌ etĐ. 
;iiͿ Wateƌ tuďe ďoileƌs, suĐh ďoileƌs haǀe ǁateƌ floǁiŶg iŶside the tuďes aŶd hot gases suƌƌouŶd 
theŵ. Eǆaŵples foƌ suĐh ďoileƌs aƌe BaďĐoĐk-WilĐoǆ ďoileƌ, StiƌliŶg ďoileƌ, La-MoŶt ďoileƌ, BeŶsoŶ 
ďoileƌ etĐ. 
;eͿ Based oŶ tǇpe of fuel used: AĐĐordiŶg to the tǇpe of fuel used the ďoilers ĐaŶ ďe, 
;iͿ Solid fuel fiƌed ďoileƌs, suĐh as Đoal fiƌed ďoileƌs etĐ. 
;iiͿ LiƋuid fuel fiƌed ďoileƌs, suĐh as oil fiƌed ďoileƌs etĐ. 
;iiiͿ Gas fiƌed ďoileƌs, suĐh as Ŷatuƌal gas fiƌed ďoileƌs etĐ. 
;fͿ Based oŶ ĐirĐulatioŶ: AĐĐordiŶg to the floǁ of ǁater aŶd steaŵ ǁithiŶ the ďoiler ĐirĐuit the  
ďoileƌs ŵaǇ ďe of folloǁiŶg tǇpes, 
;iͿ Natuƌal ĐiƌĐulatioŶ ďoileƌs, iŶ ǁhiĐh the ĐiƌĐulatioŶ of ǁateƌ/steaŵ is Đaused ďǇ the deŶsitǇ 
diffeƌeŶĐe ǁhiĐh is due to the teŵpeƌatuƌe ǀaƌiatioŶ. 
 

;iiͿ FoƌĐed ĐiƌĐulatioŶ ďoileƌs, iŶ ǁhiĐh the ĐiƌĐulatioŶ of ǁateƌ/steaŵ is Đaused ďǇ a puŵp i.e. 
eǆteƌŶallǇ, assisted ĐiƌĐulatioŶ 

;gͿ Based oŶ eǆteŶt of firiŶg: AĐĐordiŶg to the eǆteŶt of firiŶg the ďoilers ŵaǇ ďe, 
;iͿ Fiƌed ďoileƌs, iŶ ǁhiĐh heat is pƌoǀided ďǇ fuel fiƌiŶg. 
;iiͿ UŶfiƌed ďoileƌs, iŶ ǁhiĐh heat is pƌoǀided ďǇ soŵe otheƌ souƌĐe eǆĐept fuel fiƌiŶg suĐh as hot 
flue gases etĐ. 
;iiiͿ SuppleŵeŶtaƌǇ fiƌed ďoileƌs, iŶ ǁhiĐh a poƌtioŶ of heat is pƌoǀided ďǇ fuel fiƌiŶg aŶd ƌeŵaiŶiŶg 
ďǇ soŵe otheƌ souƌĐe. 
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REQUIREMENTS OF A GOOD BOILER 

DiffeƌeŶt ƌeƋuiƌeŵeŶts of a good ďoileƌ aƌe giǀeŶ ďeloǁ. IŶ geŶeƌal ďoileƌ is supposed to geŶeƌate 
laƌge ƋuaŶtitǇ of steaŵ at desiƌed pƌessuƌe aŶd teŵpeƌatuƌe ƋuiĐklǇ aŶd effiĐieŶtlǇ. 
;aͿ It should ďe Đapaďle of geŶeƌatiŶg steaŵ at desiƌed ƌate at desiƌed pƌessuƌe aŶd teŵpeƌatuƌe 
ǁith ŵiŶiŵuŵ fuel ĐoŶsuŵptioŶ aŶd Đost. 
;ďͿ It should haǀe suffiĐieŶt steaŵ aŶd ǁateƌ stoƌage ĐapaĐitǇ to ŵeet fluĐtuatioŶ iŶ deŵaŶd aŶd 
to pƌeǀeŶt fluĐtuatioŶ iŶ steaŵ pƌessuƌe oƌ ǁateƌ leǀel. 
;ĐͿ Boileƌ should haǀe a ĐoŶstaŶt aŶd thoƌough ĐiƌĐulatioŶ of ǁateƌ. 
;dͿ It should ďe eƋuipped ǁith all ŶeĐessaƌǇ ŵouŶtiŶgs. 
;eͿ Boileƌ should haǀe ĐapaďilitǇ to get staƌted ƋuiĐklǇ fƌoŵ Đold. 
;fͿ Its ĐoŶstƌuĐtioŶ should ďe siŵple aŶd haǀe good ǁoƌkŵaŶship foƌ the ease of iŶspeĐtioŶ aŶd 
ƌepaiƌs i.e. easilǇ aĐĐessiďle paƌts. 
;gͿ Boileƌ should haǀe its heatiŶg suƌfaĐe ŶeaƌlǇ at ƌight aŶgle to the ĐuƌƌeŶt of hot gases foƌ good 
heat tƌaŶsfeƌ. 
;hͿ Theƌe should ďe ŵiŶiŵuŵ fƌiĐtioŶal poǁeƌ loss duƌiŶg floǁ of hot gases aŶd ǁateƌ/steaŵ i.e. 
pƌessuƌe dƌop thƌoughout the sǇsteŵ should ďe ŵiŶiŵuŵ. 
;iͿ Tuďes should ďe so desigŶed so as to haǀe ŵiŶiŵuŵ soot depositioŶ aŶd good stƌeŶgth agaiŶst 
ǁeaƌ. Boileƌ should haǀe a ŵud dƌuŵ to ƌeĐeiǀe all iŵpuƌities. 
;jͿ Boileƌ should haǀe stƌeŶgth to ǁithstaŶd eǆĐessiǀe theƌŵal stƌesses. 
;kͿ Boileƌ should oĐĐupǇ less flooƌ aƌea aŶd spaĐe. 
Boileƌs ŵaǇ ďe seleĐted foƌ a paƌtiĐulaƌ appliĐatioŶs ĐoŶsideƌiŶg aďoǀe geŶeƌal ƌeƋuiƌeŵeŶts aŶd 
ĐoŶstƌaiŶts, if aŶǇ. Foƌ deĐidiŶg the ďoileƌ foƌ aŶǇ appliĐatioŶ, geŶeƌallǇ folloǁiŶg ĐƌiteƌioŶ aƌe 
ŵade; 
;iͿ Steaŵ pƌessuƌe ƌeƋuiƌeŵeŶt 

;iiͿ Steaŵ teŵpeƌatuƌe ƌeƋuiƌeŵeŶt 

;iiiͿ Steaŵ geŶeƌatioŶ ƌate 

;iǀͿ IŶitial Đost aŶd ĐoŶstƌaiŶts 

;ǀͿ RuŶŶiŶg aŶd ŵaiŶteŶaŶĐe Đosts 

;ǀiͿ AǀailaďilitǇ of fuel aŶd ǁateƌ 

;ǀiiͿ IŶspeĐtioŶ aŶd ŵaiŶteŶaŶĐe ƌeƋuiƌeŵeŶts 

HIGH PRESSURE BOILER 

High pƌessuƌe ďoileƌs geŶeƌallǇ opeƌate iŶ supeƌĐƌitiĐal ƌaŶge. Need of suĐh ďoileƌs is felt ďeĐause 
high pƌessuƌe aŶd teŵpeƌatuƌe of steaŵ geŶeƌated iŶ ďoileƌ iŵpƌoǀes plaŶt effiĐieŶĐǇ. These 
ďoileƌs haǀe foƌĐed ĐiƌĐulatioŶ of ǁateƌ/steaŵ iŶ the ďoileƌ. This foƌĐed ĐiƌĐulatioŶ is ŵaiŶtaiŶed 
ďǇ eŵploǇiŶg suitaďle puŵp. The steaŵ dƌuŵ is of ǀeƌǇ sŵall size aŶd iŶ soŵe Đases it ŵaǇ ďe 
eǀeŶ aďseŶt too. This 

is ďeĐause of usiŶg foƌĐed ĐiƌĐulatioŶ. IŶ Đase of Ŷatuƌal ĐiƌĐulatioŶ dƌuŵ size has to ďe laƌge. 
SĐheŵatiĐ of high pƌessuƌe ďoileƌ is shoǁŶ iŶ figuƌe. IŶ faĐt the high pƌessuƌe ďoileƌs haǀe ďeeŶ 
possiďle ďeĐause of aǀailaďilitǇ of high teŵpeƌatuƌe ƌesistaŶt ŵateƌials. Heƌe diƌeĐt heatiŶg of 
ǁateƌ tuďes is doŶe ďǇ the eǆĐessiǀelǇ hot gases pƌeseŶt iŶ fiƌe ďoǆ. The fiƌe ďoǆ has laƌge ǀoluŵe 
as otheƌǁise eǆposed ǁateƌ tuďes shall ŵelt. Heat is piĐked ďǇ Ŷuŵďeƌ of paƌallel tuďes 
ĐoŶtaiŶiŶg ǁateƌ. These paƌallel tuďes appeaƌ as if it is a ǁall due to Đlose spaĐiŶg of tuďes. Wateƌ 
ĐiƌĐulatioŶ ĐiƌĐuit is shoǁŶ iŶ liŶe diagƌaŵ. High pƌessuƌe ďoileƌs ŵaǇ haǀe Ŷatuƌal ĐiƌĐulatioŶ iŶ 
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Đase the steaŵ pƌessuƌe desiƌed lies ďetǁeeŶ ϭϬϬ aŶd ϭϳϬ ďaƌ aŶd size is Ŷot ĐoŶstƌaiŶt. High 
pƌessuƌe ďoileƌs haǀe ĐapaďilitǇ of geŶeƌatiŶg laƌgeƌ ƋuaŶtitǇ of steaŵ peƌ uŶit of fuƌŶaĐe ǀoluŵe. 
High pƌessuƌe ďoileƌs aƌe disadǀaŶtageous fƌoŵ safetǇ poiŶt of ǀieǁ aŶd theƌefoƌe, stƌiŶgeŶt 
ƌeliaďilitǇ ƌeƋuiƌeŵeŶts of ŵouŶtiŶgs aƌe theƌe. 

 

High pƌessuƌe ďoileƌ with Ŷatuƌal ĐiƌĐulatioŶ 

 

 

 

BENSON BOILER 

 

It is a ǁateƌ tuďe ďoileƌ Đapaďle of geŶeƌatiŶg steaŵ at supeƌĐƌitiĐal pƌessuƌe. Figuƌe.  shoǁ the 
sĐheŵatiĐ of BeŶsoŶ ďoileƌ. Maƌk ďeŶsoŶ, ϭϵϵϮ ĐoŶĐeiǀed the idea of geŶeƌatiŶg steaŵ at 
supeƌĐƌitiĐal pƌessuƌe iŶ ǁhiĐh ǁateƌ flashes iŶto ǀapouƌ ǁithout aŶǇ lateŶt heat ƌeƋuiƌeŵeŶt. 
Aďoǀe ĐƌitiĐal poiŶt the ǁateƌ tƌaŶsfoƌŵs iŶto steaŵ iŶ the aďseŶĐe of ďoiliŶg aŶd ǁithout aŶǇ 
ĐhaŶge iŶ ǀoluŵe i.e. saŵe deŶsitǇ. CoŶtƌaƌǇ to the ďuďďle foƌŵatioŶ oŶ tuďe suƌfaĐe iŵpaiƌiŶg 
heat tƌaŶsfeƌ iŶ the Ŷoƌŵal pƌessuƌe ďoileƌs, the supeƌĐƌitiĐal steaŵ geŶeƌatioŶ does Ŷot haǀe 
ďuďďle foƌŵatioŶ aŶd pulsatioŶs etĐ. due to it. Steaŵ geŶeƌatioŶ also oĐĐuƌs ǀeƌǇ ƋuiĐklǇ iŶ these 
ďoileƌs. As the pƌessuƌe aŶd teŵpeƌatuƌes haǀe to ďe ŵoƌe thaŶ ĐƌitiĐal poiŶt, so ŵateƌial of 
ĐoŶstƌuĐtioŶ should ďe stƌoŶg eŶough to ǁithstaŶd theƌŵal stƌesses. Feed puŵp has to ďe of 
laƌge ĐapaĐitǇ as pƌessuƌe iŶside is Ƌuite high, ǁhiĐh also loǁeƌs the plaŶt effiĐieŶĐǇ due to laƌge 
Ŷegatiǀe ǁoƌk ƌeƋuiƌeŵeŶt. BeŶsoŶ ďoileƌs geŶeƌallǇ haǀe steaŵ geŶeƌatioŶ pƌessuƌe ŵoƌe thaŶ 
ĐƌitiĐal pƌessuƌe aŶd steaŵiŶg ƌate of aďout ϭϯϬ–ϭϯϱ toŶs/hƌ. Theƌŵal effiĐieŶĐǇ of these ďoileƌs 
is of the oƌdeƌ of ϵϬ%. 
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BeŶsoŶ ďoileƌ 

LOEFFLER BOILER 

This a foƌĐed ĐiƌĐulatioŶ tǇpe ďoileƌ haǀiŶg ďoth diƌeĐt aŶd iŶdiƌeĐt tǇpe of heat eǆĐhaŶge 
ďetǁeeŶ supeƌheated steaŵ/ǁateƌ aŶd hot gases/steaŵ ƌespeĐtiǀelǇ. SĐheŵatiĐ aƌƌaŶgeŵeŶt of 
a Loeffleƌ ďoileƌ is shoǁŶ iŶ Fig. Heƌe the hot ĐoŵďustioŶ gases eŵeƌgiŶg out of fuƌŶaĐe aƌe fiƌstlǇ 
used foƌ supeƌheatiŶg of steaŵ aŶd seĐoŶdlǇ foƌ ƌeheatiŶg/eĐoŶoŵiseƌ seĐtioŶs. Steaŵ 
geŶeƌatioŶ is ƌealized thƌough the supeƌheated steaŵ ďeiŶg iŶjeĐted iŶto eǀapoƌatoƌ dƌuŵ. 
Satuƌated steaŵ thus geŶeƌated iŶ eǀapoƌatoƌ dƌuŵ as a ƌesult of ŵiǆiŶg of supeƌheated steaŵ 
aŶd ǁateƌ is piĐked up ďǇ steaŵ ĐiƌĐulatioŶ puŵp. This puŵp foƌĐes satuƌated steaŵ at high 
pƌessuƌe thƌough supeƌheateƌ tuďes ǁheƌe the hottest flue gases fƌoŵ fuƌŶaĐe supeƌheat steaŵ 
ĐoŵiŶg fƌoŵ eǀapoƌatoƌ. Flue gases suďseƋueŶtlǇ pass thƌough ƌeheated/eĐoŶoŵizeƌ seĐtioŶs as 
shoǁŶ. Supeƌheated steaŵ ĐoŵiŶg out of supeƌheateƌ seĐtioŶ is paƌtlǇ takeŶ out thƌough steaŵ 
ŵaiŶ aŶd ƌeŵaiŶiŶg is iŶjeĐted iŶto eǀapoƌatoƌ dƌuŵ. GeŶeƌallǇ supeƌheated steaŵ is diǀided iŶ 
pƌopoƌtioŶ of ϭ: Ϯ foƌ steaŵ ŵaiŶ aŶd eǀapoƌatoƌ dƌuŵ ƌespeĐtiǀelǇ. Feed ǁateƌ to the ďoileƌ is 
puŵped ďǇ feed puŵp thƌough the eĐoŶoŵiseƌ seĐtioŶ to eǀapoƌatoƌ dƌuŵ. GeŶeƌallǇ steaŵ 
geŶeƌated is at pƌessuƌe of aďout ϭϮϬ ďaƌ aŶd teŵpeƌatuƌe of ϱϬϬ C. 

  

Page no: 5



 

 

SĐheŵatiĐ aƌƌaŶgeŵeŶt iŶ Loeffleƌ Boileƌ 

VELOX BOILER 

Veloǆ ďoileƌ is a fiƌe tuďe ďoileƌ haǀiŶg foƌĐed ĐiƌĐulatioŶ. Boileƌ has gas tuƌďiŶe, Đoŵpƌessoƌ, 
geŶeƌatoƌ, feed puŵp, ĐiƌĐulatioŶ puŵp etĐ. as its iŶtegƌal ĐoŵpoŶeŶts. Thus Veloǆ ďoileƌ uŶit is 
a ĐoŵpaĐt steaŵ geŶeƌatiŶg plaŶt. Figuƌe shoǁs the liŶe diagƌaŵ of Veloǆ ďoileƌ uŶit. Boileƌ uŶit 
has a Đoŵpƌessoƌ supplǇiŶg high pƌessuƌe aiƌ at aďout ϯ ďaƌ iŶto the oil ďuƌŶeƌ so as to pƌoduĐe 
ĐoŵďustioŶ pƌoduĐts at high pƌessuƌe aŶd thus haǀe hot flue gases floǁiŶg thƌough fiƌe tuďes at 
ǀeƌǇ high ǀeloĐitǇ of the oƌdeƌ of supeƌsoŶiĐ ǀeloĐitǇ. Flue gases floǁiŶg at supeƌsoŶiĐ ǀeloĐitǇ 
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Veloǆ ďoileƌ uŶit 

FaĐilitate ǀeƌǇ high ƌate of heat iŶteƌaĐtioŶ ďetǁeeŶ tǁo fluids, geŶeƌallǇ of the oƌdeƌ of Ϯ - ϭϬϳ 
kĐal/ŵϯ of ĐoŵďustioŶ ǀoluŵe. CoŵďustioŶ spaĐe is liŶed ǁith ĐoŶĐeŶtƌiĐ ǀeƌtiĐal tuďes haǀiŶg 
hot flue gases passiŶg thƌough the iŶŶeƌ tuďe aŶd ǁateƌ suƌƌouŶdiŶg it iŶ outeƌ tuďe. Hot flue 
gases pass thƌough supeƌheateƌ seĐtioŶ aŶd suďseƋueŶtlǇ eŶteƌ iŶto gas tuƌďiŶe foƌ its eǆpaŶsioŶ. 
Gas tuƌďiŶe dƌiǀes the Đoŵpƌessoƌ used foƌ pƌoduĐiŶg Đoŵpƌessed aiƌ. EǆpaŶded gases ĐoŵiŶg 
out of gas tuƌďiŶe at aďout ϭϬϬ–ϭϮϱ ŵ/seĐ eŶteƌ iŶto eĐoŶoŵiseƌ ǁheƌe feed ǁateƌ piĐks up heat 
fƌoŵ gas tuƌďiŶe eǆhaust. Hot feed ǁateƌ ĐoŵiŶg out of eĐoŶoŵiseƌ is seŶt iŶto steaŵ/ǁateƌ 
dƌuŵ fƌoŵ ǁheƌe ǁateƌ is ĐiƌĐulated thƌough ǀeƌtiĐal ĐoŶĐeŶtƌiĐ tuďes usiŶg a ĐiƌĐulatiŶg puŵp. 
DuƌiŶg the ǁateƌ floǁ iŶ ĐoŵďustioŶ ǀoluŵe spaĐe it paƌtiallǇ gets tƌaŶsfoƌŵed iŶto steaŵ aŶd 
the ŵiǆtuƌe is iŶjeĐted taŶgeŶtiallǇ iŶto dƌuŵ. TaŶgeŶtial disĐhaƌge of ŵiǆtuƌe foƌŵs a ĐiƌĐulatoƌǇ 
floǁ ;ǀoƌteǆͿ ĐausiŶg steaŵ ƌelease due to ĐeŶtƌifugal aĐtioŶ, thus sepaƌatioŶ of ǁateƌ/steaŵ. 
Steaŵ is suďseƋueŶtlǇ passed thƌough supeƌheateƌ seĐtioŶ ǁhile ǁateƌ is agaiŶ ĐiƌĐulated usiŶg 
ĐiƌĐulatioŶ puŵp. Steaŵ passes thƌough steaŵ headeƌs afteƌ supeƌheatiŶg. Suƌplus eŶeƌgǇ, if aŶǇ 
iŶ gas tuƌďiŶe is used ďǇ alteƌŶatoƌ attaĐhed to it ǁhiĐh suppleŵeŶts the eleĐtƌiĐitǇ ƌeƋuiƌeŵeŶt 
iŶ ǀaƌious auǆiliaƌǇ deǀiĐes. Veloǆ ďoileƌs aƌe ǀeƌǇ fleǆiďle aŶd Đapaďle of ƋuiĐk staƌtiŶg. Oǀeƌall 
effiĐieŶĐǇ of the ďoileƌ uŶit is aďout ϱϱ–ϲϬ%. Boileƌ is Đapaďle of haŶdliŶg ŵaǆiŵuŵ of ϭϬϬ 
toŶs/hƌ ǁateƌ ǁhiĐh is liŵited ďǇ the liŵitatioŶ of ŵaǆiŵuŵ poǁeƌ ƌeƋuiƌeŵeŶt iŶ Đoŵpƌessoƌ  
 

LA MONT BOILER 

This is a ǁateƌ tuďe ďoileƌ haǀiŶg foƌĐed ĐiƌĐulatioŶ. SĐheŵatiĐ shoǁiŶg the aƌƌaŶgeŵeŶt iŶside 
ďoileƌ is giǀeŶ iŶ Fig.  Boileƌ has ǀeƌtiĐal shell haǀiŶg thƌee distiŶĐt zoŶes haǀiŶg ǁateƌ tuďes iŶ 
theŵ, ŶaŵelǇ eǀapoƌatoƌ seĐtioŶ, supeƌheateƌ seĐtioŶ aŶd eĐoŶoŵiseƌ seĐtioŶ Feed ǁateƌ is fed 
fƌoŵ feed puŵp to pass thƌough eĐoŶoŵiseƌ tuďes. Hot ǁateƌ fƌoŵ eĐoŶoŵizeƌ goes iŶto dƌuŵ 
fƌoŵ ǁheƌe hot feed ǁateƌ is piĐked up ďǇ a ĐiƌĐulatiŶg puŵp. CeŶtƌifugal puŵp ŵaǇ ďe steaŵ 

  

Page no: 7



dƌiǀeŶ oƌ of eleĐtƌiĐ dƌiǀeŶ tǇpe. Puŵp iŶĐƌeases pƌessuƌe aŶd ǁateƌ ĐiƌĐulates thƌough 
eǀapoƌatioŶ seĐtioŶ so as to get ĐoŶǀeƌted iŶto steaŵ aŶd eŶteƌs ďaĐk to dƌuŵ. Steaŵ aǀailaďle 
iŶ dƌuŵ eŶteƌs iŶto supeƌheateƌ tuďes aŶd afteƌ gettiŶg supeƌheated steaŵ leaǀes thƌough steaŵ 
ŵaiŶ. 
 

 

BOILER MOUNTINGS AND ACCESSORIES 

Boileƌ ŵouŶtiŶgs aŶd aĐĐessoƌies haǀe ďeeŶ defiŶed eaƌlieƌ aŶd shoǁŶ oŶ the diffeƌeŶt ďoileƌs. 
DiffeƌeŶt ŵouŶtiŶgs aƌe 

;iͿ Wateƌ leǀel iŶdiĐatoƌ 

;iiͿ SafetǇ ǀalǀes 

;iiiͿ High steaŵ aŶd loǁ ǁateƌ safetǇ ǀalǀes 

;iǀͿ Fusiďle plug 

;ǀͿ Pƌessuƌe gauge 

;ǀiͿ Stop ǀalǀe 

;ǀiiͿ Feed ĐheĐk ǀalǀe 

;ǀiiiͿ Bloǁ off ĐoĐk 

;iǆͿ MaŶhole aŶd ŵud ďoǆ 

Vaƌious ďoileƌ aĐĐessoƌies aƌe: 
;iͿ Supeƌheateƌ 

;iiͿ EĐoŶoŵiseƌ 

;iiiͿ Aiƌ pƌeheateƌ 

;iǀͿ Feed puŵp 

 

BOILER DRAUGHT 

Dƌaught ƌefeƌs to the pƌessuƌe diffeƌeŶĐe Đƌeated foƌ the floǁ of gases iŶside the ďoileƌ. Boileƌ 
uŶit has a ƌeƋuiƌeŵeŶt of the eǆpulsioŶ of ĐoŵďustioŶ pƌoduĐts aŶd supplǇ of fƌesh aiƌ iŶside 
fuƌŶaĐe foƌ ĐoŶtiŶuous ĐoŵďustioŶ. The oďŶoǆious gases foƌŵed duƌiŶg ĐoŵďustioŶ should ďe 
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disĐhaƌged at suĐh aŶ height as ǁill ƌeŶdeƌ the gases uŶoďjeĐtioŶaďle. A ĐhiŵŶeǇ oƌ staĐk is 
geŶeƌallǇ used foƌ ĐaƌƌǇiŶg these ĐoŵďustioŶ pƌoduĐts fƌoŵ iŶside of ďoileƌ to outside, i.e. 
dƌaught is Đƌeated ďǇ use of ĐhiŵŶeǇ. Dƌaught ŵaǇ ďe Đƌeated ŶatuƌallǇ oƌ aƌtifiĐiallǇ ďǇ usiŶg 
soŵe eǆteƌŶal deǀiĐe. Dƌaught ĐaŶ ďe Đlassified as ďeloǁ: 

 IŶ this the pƌessuƌe diffeƌeŶĐe is Đƌeated ŶatuƌallǇ ǁithout usiŶg aŶǇ positiǀe displaĐeŵeŶt 
deǀiĐe. 

 AƌtifiĐial dƌaught is Đƌeated usiŶg soŵe eǆteƌŶal assistaŶĐe ĐausiŶg foƌĐed displaĐeŵeŶt 
of gases. It ĐaŶ ďe Đƌeated eitheƌ ďǇ usiŶg ŵeĐhaŶiĐal deǀiĐes oƌ steaŵ. AƌtifiĐial dƌaught 
ĐaŶ ďe of iŶduĐed tǇpe, foƌĐed tǇpe oƌ ĐoŵďiŶatioŶ of tǁo tǇpes. 

 

 

Thus the dƌaught iŶ ďoileƌ ŵaǇ ďe said to ďe ƌeƋuiƌed foƌ, pƌoǀidiŶg aŶd ŵaiŶtaiŶiŶg the supplǇ 
of suffiĐieŶt aiƌ foƌ ĐoŵďustioŶ eǆpulsioŶ of ĐoŵďustioŶ pƌoduĐts fƌoŵ fuƌŶaĐe ƌegioŶ͛ aŶd 
͚disĐhaƌge of ďuƌŶt gases to atŵospheƌe. The aŵouŶt of dƌaught ƌeƋuiƌed shall depeŶd upoŶ, 
͚tǇpe of ďoileƌ ,͛ ͚ƌate of fuel ďuƌŶiŶg ƌate at ǁhiĐh ĐoŵďustioŶ pƌoduĐts aƌe pƌoduĐed͛ aŶd ͚the 
aiƌ ƌeƋuiƌeŵeŶt ƌate. As the pƌessuƌe diffeƌeŶĐe is ǀeƌǇ sŵall so dƌaught is ŵeasuƌed iŶ ͚ŵŵ͛ of 
ǁateƌ. MatheŵatiĐallǇ, pƌessuƌe due to ϭ ŵŵ of ǁateƌ ĐoluŵŶ is eƋuiǀaleŶt to ϭ kgf/ŵϮ. 

 

 

NATURAL DRAUGHT 

It is pƌoduĐed eŵploǇiŶg ĐhiŵŶeǇ. The Ŷatuƌal dƌaught is pƌoduĐed ďǇ a ĐhiŵŶeǇ due to the faĐt 
that the hot gases iŶside the ĐhiŵŶeǇ aƌe lighteƌ thaŶ the outside Đold aiƌ i.e. deŶsitǇ diffeƌeŶĐe 
of hot gases iŶside ĐhiŵŶeǇ aŶd Đold atŵospheƌiĐ aiƌ. Thus iŶ a ďoileƌ uŶit the ĐoŵďustioŶ 
pƌoduĐts ;hotͿ ƌise fƌoŵ fuel ďed thƌough ĐhiŵŶeǇ, aŶd aƌe ƌeplaĐed ďǇ fƌesh aiƌ ;ĐoldͿ eŶteƌiŶg 
the gƌate. It ŵeaŶs that aŵouŶt of dƌaught pƌoduĐed ďǇ a ĐhiŵŶeǇ depeŶds upoŶ flue-gas 
teŵpeƌatuƌe. IŶteŶsitǇ of dƌaught pƌoduĐed ďǇ ĐhiŵŶeǇ also depeŶds upoŶ height of ĐhiŵŶeǇ. 
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Dƌaught pƌoduĐed ďǇ a talleƌ ĐhiŵŶeǇ is laƌge as the diffeƌeŶĐe iŶ ǁeight ďetǁeeŶ the ĐoluŵŶ of 
aiƌ iŶside aŶd that of aiƌ outside iŶĐƌeases ǁith height. GeŶeƌallǇ dƌaught is less thaŶ ϭϮ kgf/ŵϮ 
iŶ ĐhiŵŶeǇs. 
IŶ stƌiĐteƌ teƌŵs the ǁoƌd ͚ĐhiŵŶeǇ͛ is used foƌ ďƌiĐk oƌ ĐoŶĐƌete stƌuĐtuƌe aŶd ͚staĐk͛ is used foƌ 
ŵetalliĐ oŶe. ChiŵŶeǇs aƌe geŶeƌallǇ ŵade of steel, ďƌiĐk oƌ ƌeiŶfoƌĐed ĐoŶĐƌete. Steel ĐhiŵŶeǇs 
oƌ staĐks aƌe ŵost desiƌaďle foƌ sŵalleƌ ďoileƌ uŶits due to sŵall iŶitial Đost, ease of ĐoŶstƌuĐtioŶ 
aŶd eƌeĐtioŶ. OŶ aĐĐouŶt of sŵall spaĐe ƌeƋuiƌeŵeŶt as Đoŵpaƌed to otheƌ staĐks, self sustaiŶiŶg 
steel staĐks aƌe used iŶ soŵe laƌge poǁeƌ plaŶts. Steel staĐks haǀe pƌoďleŵ of ƌust aŶd ĐoƌƌosioŶ, 
so paiŶtiŶg ƌeƋuiƌeŵeŶts aƌe Ƌuite stƌiŶgeŶt. BƌiĐk ĐhiŵŶeǇs aƌe ƌeƋuiƌed ǁheƌe peƌŵaŶeŶt 
ĐhiŵŶeǇ ǁith loŶgeƌ life is ƌeƋuiƌed. SuĐh ĐhiŵŶeǇs haǀe iŶheƌeŶt disadǀaŶtages of leakages etĐ. 
aĐƌoss the ĐoŶstƌuĐtioŶ, theƌefoƌe Đaƌeful ĐoŶstƌuĐtioŶ is ƌeƋuiƌed. Leakage of aiƌ aĐƌoss ĐhiŵŶeǇ 
ǁall effeĐts iŶteŶsitǇ of dƌaught. BƌiĐk ĐhiŵŶeǇs aƌe ĐoŶstƌuĐted of ƌouŶd, oĐtagoŶal, oƌ sƋuaƌe 
seĐtioŶ. GeŶeƌallǇ ďƌiĐk ĐhiŵŶeǇ has tǁo ǁalls ǁith aiƌ spaĐe ďetǁeeŶ theŵ aŶd iŶŶeƌ ǁall haǀiŶg 
fiƌe ďƌiĐk liŶiŶg. CoŶĐƌete ĐhiŵŶeǇs aƌe used due to the aďseŶĐe of joiŶts, light ǁeight aŶd spaĐe 
eĐoŶoŵǇ as Đoŵpaƌed ǁith ďƌiĐk ĐhiŵŶeǇs. Also the ƌeiŶfoƌĐed ĐoŶĐƌete ĐhiŵŶeǇ is less 
eǆpeŶsiǀe Đoŵpaƌed to ďƌiĐk ĐhiŵŶeǇ aloŶg ǁith ŵiŶiŵuŵ ĐhaŶĐes of leakage aĐƌoss ǁalls. 
CalĐulatioŶs: As it is oďǀious fƌoŵ eaƌlieƌ disĐussioŶ that the ǀeƌtiĐal duĐt Đalled ĐhiŵŶeǇ Đƌeates 
Ŷatuƌal dƌaught so estiŵatioŶ of height of ĐhiŵŶeǇ is ǀeƌǇ iŵpoƌtaŶt. Figuƌe shoǁs the sĐheŵatiĐ 
of ĐhiŵŶeǇ iŶ a ďoileƌ uŶit. DuƌiŶg Ŷo ǁoƌkiŶg of ďoileƌ the pƌessuƌe iŶside ďoileƌ is atŵospheƌiĐ 
pƌessuƌe. Pƌessuƌe at outlet of ĐhiŵŶeǇ ǁill ďe less thaŶ atŵospheƌiĐ pƌessuƌe due to altitude 
diffeƌeŶĐe. 

 

 

 

 

EQUIVALENT EVAPORATION 

 

Fƌoŵ eaƌlieƌ disĐussioŶs it is seeŶ that theƌe eǆists a laƌge ǀaƌietǇ of the ďoileƌs iŶ teƌŵs of theiƌ 
aƌƌaŶgeŵeŶt, effiĐieŶĐǇ, steaŵ geŶeƌatioŶ ƌate, steaŵ ĐoŶditioŶ, tǇpe of fuel used, fiƌiŶg ŵethod 
aŶd dƌaught etĐ. Foƌ ĐoŵpaƌiŶg oŶe ďoileƌ ǁith otheƌ aŶǇ of the aďoǀe paƌaŵeteƌs ĐaŶŶot ďe 
ĐoŶsideƌed as theǇ aƌe iŶteƌdepeŶdeŶt. Theƌefoƌe, foƌ ĐoŵpaƌiŶg the ĐapaĐitǇ of ďoileƌs ǁoƌkiŶg 
at diffeƌeŶt pƌessuƌes, teŵpeƌatuƌes aŶd diffeƌeŶt fiŶal steaŵ ĐoŶditioŶs etĐ. a paƌaŵeteƌ Đalled 
͞eƋuiǀaleŶt eǀapoƌatioŶ͟ ĐaŶ ďe used. EƋuiǀaleŶt eǀapoƌatioŶ aĐtuallǇ iŶdiĐates the aŵouŶt of 
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heat added iŶ the ďoileƌ foƌ steaŵ geŶeƌatioŶ. EƋuiǀaleŶt eǀapoƌatioŶ ƌefeƌs to the ƋuaŶtitǇ of 
dƌǇ satuƌated steaŵ geŶeƌated peƌ uŶit tiŵe fƌoŵ feed ǁateƌ at ϭϬϬ_C to steaŵ at ϭϬϬ_C at the 
satuƌatioŶ pƌessuƌe ĐoƌƌespoŶdiŶg to ϭϬϬ_C. Soŵetiŵes it is also Đalled eƋuiǀaleŶt eǀapoƌatioŶ 
fƌoŵ aŶd at ϭϬϬ_C. Thus, ŵatheŵatiĐallǇ it Đould ďe giǀeŶ as 

 

Boiler EffiĐieŶĐǇ: 
HEAT BALANCE ON BOILER 

Heat ďalaŶĐe oŶ ďoileƌ ƌefeƌs to the aĐĐouŶtiŶg foƌ total heat ƌeleased iŶside ďoileƌ aŶd its 
distƌiďutioŶ. Total heat aǀailaďle iŶside ďoileƌ is due to ďuƌŶiŶg of fuel aŶd ĐaŶ ďe ƋuaŶtified ďǇ 
the pƌoduĐt of ŵass of fuel aŶd heatiŶg ǀalue of fuel. Heat distƌiďutioŶ ĐaŶ ďe giǀeŶ ĐoŵpƌisiŶg 
of the folloǁiŶg, ďased oŶ uŶit ŵass of fuel ďuƌŶt. 
 

NuŵeriĐal proďleŵ:- 
1. DeteƌŵiŶe the height of ĐhiŵŶeǇ ƌeƋuiƌed to pƌoduĐe dƌaught eƋuiǀaleŶt to ϭϲ.ϳ ŵŵ of 

ǁateƌ ĐoluŵŶ foƌ the flue gases at ϯϬϬ_C aŶd aŵďieŶt teŵpeƌatuƌe of ϮϬ_C. Take the aiƌ 
ƌeƋuiƌeŵeŶt to ďe ϮϬ kg/kg of fuel.;ϯϬŵͿ 

2. CalĐulate the dƌaught pƌoduĐed iŶ ŵŵ of ǁateƌ ďǇ ĐhiŵŶeǇ of ϯϱ ŵ height, flue gas 
teŵpeƌatuƌe of ϲϰϯ K, ďoileƌ house teŵpeƌatuƌe of ϯϬϳ K aŶd aiƌ supplied at ϭϴ.ϴ kg peƌ 
kg of Đoal ;ϮϬŵŵͿ. 
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