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BOILERS and STEAM SYSTEMS
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‘ A. Overview

« Steam excellently convey a large mass of heat. It is always

the heat, not steam that is wanted, and the heat is needed
’ . N HEAT
not at the boiler or in the mains or anywhere else but at the
3 X . TRANSFER
machines where heating processes are carried out.

« The elementsin a boiler and steam systems are
generation, distribution and utilization. Optimal energy

ENERGY
conversion at each element is necessary in the industry. EFFICIENCY

« CEMand CEA can lead/ direct a successful energy

management system and program with full knowledge of STEAM
the science and technology of the steam systems. ENGINEERING

A. Overview - Fundamentals

Heat _ - IT IS ALL ABOUT HEAT
from fuel Boiler Efficiency TRANSEERS!

Temperature Rise to boiling point
— SENSIBLE HEAT (Enthalpy of Heat

Liquid) Gain AProcess

Temperature Rise to change Heat ' Steam

phase, liquid to vapor — LATENT I

HEAT (Enthalpy of Vapor) GsS
_

2t not stea
Total Enthalpy | ~ “Total Heat Content of Steam” needed in the process!
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A overview-Goals of Energy Optimization

Profitability

manage |Achieves EFFICIENCY Productivity

‘ff;igg Ensures COMPLIANCE (EHS! and the Laws
complies m »
rvation

with the | Supports SUSTAINABILITY Earth p
rules

-
iEnvironment, Health and Safety  2Corporate Social Responsibility R

B. Learning Objectives

At the end of this course you will be able to:

Examine the boilers and their steam systems;

= Grasp the components of a steam plant, their functions and effects to the
energy efficiency;

Identify and prioritize key areas with corresponding actions to improve the
energy efficiency of boiler and the steam systems, and;

Align your self to the requirements and capabilities of a CEM or CEA in this
area of energy management.

Fo

C. Course Outline

. Overview

. Learning Objectives
. Course Outline

. Introduction

m o O W >

. Steam Plant Components
F. Boiler Efficiency

Practice
Knowledge Review
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‘ D. Introduction - Steam System Configuration

Steam Mains

Flue Gas To Product Through HX* Type of Steam
System
ER

‘66000 0000 e
00000000 Condensf

000_00O0

el
Y Condensate Return

Feedwater Pump Unit
Blowdown System
BOILERHOUSE PROCESS AREA applied

Fuel Supply RECEERVETES 1Heat Exchanger P 2 vesmen

‘ E. Steam Plant Components

TYPICAL STEAM SYSTEM SET-UP
A. BOILER

B. ANCILLARY SYSTEM

B.1 Treatment System B.2 Distribution Network
Feedwater Treatment Heat Loss and Recovery Units
= Make-up Water = Heat Transfer Barriers
= Feedwater = Radiation and Convection

e Condensate Tank = Heat Recoveries

o Deaerator Tank
e Economizer
© Boiler Blowdown

B.3 Integrated Control

‘ E.  SteamPlant Components - Typical Steam System Set-up

BOILER HOUSE PROCESS PLANT

Reverse
Osmosis 3

Distribution
Network

Water P
Softener 8
4 =1
Ty B
Rewsrzn

Steam
Traps

J *Condensate Retum Pump Unit

Condensate Tank

LPG or Fuel Oil
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‘ E.  Steam Plant Components -A. Boiler

Categories 15— IFM (Internally Fired Multi-tubular)
of Boilers  Boiler » “Shell Boiler” » “Fire Tube Boiler”

2n — WT (Water Tube) Boiler

COMPARISON

Robust and heavy More efficient

Tolerate poor quality Weigh less for given output
feed water Less water for same power
Have large reserve of Generate steam faster
steam capacity High pressure / temperature
Longer response to Better at fluctuating demands Boiler images courtesy
demands of steam More expensive of © Cleaver rooks
Usually cheaper High maintenance standard J-

‘ E.  Steam Plant Components — A. Boiler

FIRE TUBE (or IFM) WATER TUBE

Steam
i

Hot flue
gases Boiler shell
¥

Water
tubes

Burner

‘ E.  Steam Plant Components — A. Boiler

Sizing is measured in Joules (»Mega-Joules)

red to convert water t0100°C, and then to
up to the desired pressure

J3 Trainers and Consultants, Inc. 4
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‘ E. Steam Plant Components - A. Boiler > Enthalpy of Steam

STEAY Total Heat Latent Heat

Enthalpy of Enthalpy
Steam, hy of Vapor, hy

equal to the total heat of a system - tells how much heat and
work was added or removed

Total Enthalpyuacon Heat

Enthalpy Heagoss

Enthalpy, o [ Transfer Emhalpyuw
from

Boiler

0

b
focess Flash Steam §

Flash Steam

Distribution

‘ E.  Steam Plan Components—A. Boiler » Enthalpy Degeneration

[E——

The process requires |

1
N Latent Heat, h,

condensate

‘ E.  Steam Plant Components - A. Boiler > Pressure Setting

4 Best way of conveying large mass of heat at
110
requned pressure
mit

EXAMPLE:

Sutrued Sean Tempenture Tk

Pressure Ranges

S Vebime el Baery Enaly

Steam supply
pressure can be set
at4to5 bars

Note
Pressure losses and
steam demand to be
factored in the setting

e T -
T e e \4»« v n,« Vg Ban Vi
» LR

o arerlomiou e dior ou7e ok
wom wes 15124 ¢

w2
L e

1550501 | 040l 06 a4
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‘ E.  Steam Plant Components - A. Boiler »> Energy Flow

TYPICAL FOR HOT WATER BOILER

Casing losses

Fuel Stack losses

Hot water output

Returned water I

Sankey Dagram courtesy of © DD Ltd

‘ E.  Steam Plant Components - B. Ancillary Systems
B. ANCILLARY SYSTEM

B.1 Treatment System

B.2 Distribution Network

Heat Loss and Recovery Units

= Heat Transfer Barriers

= Feedwater = Radiation and Convection
e Condensate Tank = Heat Recoveries
® Deaerator Tank F
e Economizer
© Boiler Blowdown

B.3 Integrated Control i

- g R—

Feedwater Treatment
= Make-up Water

‘ E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment system
Feedwater Treatment

RAW WATER

Hardness
Silica
Alkalinity
Acidity

Dissolved
Solids

Suspended
Solids

J3 Trainers and Consultants, Inc. 6
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_ gl

E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System

T-Alkalinity

@ Feedwater

Coarse __ T
Filtration Lwsaen

Water Softener

_ gl

E.  Steam Plant Components — B. Ancillary Systems » 1. Treatment System
Feedwater Treatment » (@) IECeaWater CONDENSATE TANK

Reverse | Chemical Treat

Economizer

_ gl

E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System

Feedwater Treatment » (@) IFCeaWater CONDENSATE TANK
Located in the & HOT FEED SAVING
Process o

Plant <0 ~70 to 85°C

1Condensate Return Pump Unit Iron: <0.2 ppm
e pH:7-9
TDS: <2000 ppm
Condensate TH: 0 -10 ppm

Chemical
Treatment

J3 Trainers and Consultants, Inc.



E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System
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Feedwater Treatment » K@) IECE0WaIEH CONDENSATE TANK ]

Latent o Latent  §p €% Hor FEED sAvinG
Heat 5 Heat = ILLUSTRATION
o Qo
2782kakg I 2782kikg |
_% 2 Boiler Pressure
2 2 @ 10 BARS
- g_ - | Hot condensate as boiler
Sensible % | Sensible g feed
Heat 782kJikg || K1 Heat 782kJ/kg ==
i $ SAVINGS OF ~ 9.2%
Cold Feed 10°C Hot Feed 70°C -

E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System

Feedwater Treatment » (@) IECeaWater DEAERATOR TANK | |

Dissolved O,and gases

Condensate N
Tank ety .

within
5°F@s-c)
Make-up Water i of perating pressure

Deaerated Feedwater —
steam 0O, and gases (free)

Boiler for i
CEENEN 0.3 0 0.5 bar e

g

E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System

Feedwater Treatment » (@) IFCeaWater DEAERATOR TANK | |

Oxygen is “mechanically” removed from feedwater to prevent oxidation

SOLUBILITY OF O, Dissolved O, is
1.0 N aerated at high
temperature in

the deaerator

x
30 (50} 70 80 110 130 150 170/190 210

Temperature, °F 180
ey 20TreaizOBolesk 2o lr2torszcEencizokang Temizooperaonpar P13 viase

02 Content, ppm

CHEMICAL
TREATMENT

J3 Trainers and Consultants, Inc.
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_ gl

. Steam Plant Components - B. Ancillary Systems » 1. Treatment System

Feedwater Treatment » (@) IFSeaWaier DEAERATOR TANK __

Sodium Sulfite Phosphate Residual Program

0, Hardness and metal ions
scavenging removal

Feedwater Treatment » (@) IECeaWater DEAERATOR TANK | |

Phosphate Residuals 20 - 60 ppm

Sulfite Residuals 10 - 70 ppm

T-Alkalinity <2,000 ppm
3,500 ppm g
10.5-12.5

Silica
Chlorides <1000 ppm

mOIOImM-AmMZ>X0>T

als1618|8
o|~|n S
o |o |o o
S |5 [T °
ERERE £
h b & o

Dissolved O,

‘ E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System
Feedwater Treatment » (@) IFCeaWater ECONOMIZER | |

WASTE HEAT RECOVERY& smokestack

[ +5 to 7°C of deaerator temp.
i >
.4 i
Deaerator
R % ‘ que'gas ~120to 260°C e
Chemical 3 - o
| e Feedwater ~102 to 105°C

ﬁ o
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E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System

Feedwater Treatment » K@) IECE0WaIEH BOILER BLOWDOWN
“automatic”
Flash R & WASTE HEAT RECOVERY ’ .
steam . .1 Feedwater rﬁ
Treatment o izer

blowdown valves opens at ~3,500

Bottom Blowdown A
Surface Blowdown B
e

E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System

Feedwater Treatment » (@) IECeaWater BOILER BLOWDOWN N

ﬁ.
Blowdown .
—
bl

=P

Top blowdowns are
often continuous

E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System

Feedwater Treatment » (@) IFCeaWater

(" SCALE THICKNESS EFFECT TO FUEL USAGE )
Effects of w E
UNTREATED 2—2 E ) =_©=Fuel
Feedwater to | 4 H increase
Boiler 1 10 ~ tokeep
Effici g S original heat
iclency u, transfer rates
T SCALE THICKNESS, mm  _JJ o oo covsars )

J3 Trainers and Consultants, Inc. 10
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‘ E.  Steam Plant Components - B. Ancillary Systems » 1. Treatment System
Feedwater Treatment » K@) IECE0WaIEH

SCALE THICKNESS EFFECT TO FUEL USAGE )
3.2mm,16 to 20%

Ve

Efficiency

transfer rates

Effects of W
UNTREATED JiC¥ 1.6mm,11 to 13.5% = @&-Fuel
Feedwater to | 4 increase
Boiler = 10 ~ tokeep
“:,J original heat
'S

SCALE THICKNESS, mm i o e connns )

‘ D.  Steam Plant Components - B. Ancillary Systems » B.2. Distribution Network

. 4 Distribution Lines
High operating Y

Supply pressure PROCESS
Pressure prevents .

wet steam

Pressure Reducing Station g -

makes available more latent
heat -> more heat to process |

fcreu

‘ Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

Saturated Steam: Temperature Table Enthalpy
Enthalpy ' Sat. Vapor,
Temp. Pres.  Sau hg 1 bar

5 A b "‘{"' 0.3130 27273 prs;:me

100 010135 41904 22570 2676.1 0.3613 2733.9 reduction
. 40.15 22437 26838

Rl 0 Change | % Change

115 016906 48248 22165 2699.0 361 |- [ 0.313 | 2734 |- | 2727 0.5%

120 019853 50871 22026 27063 reduction

195 02321 52499 21885 27135 0.3130 2727.3 ;

130 02701 54631 21742 27205 in heat

135 [03130] 567.69 2159.6[2727.3 15.43% 0.2419% required

M0 [03618] 580.13 2144.7| 27389 el o

145 04154 61063 21296 27403 heat Optlmlzatlon frOm

150 04758 632.20 21143 27465 .

155 05431 65384 20086 27524 pressure reduction

OPTIMIZATION FROM
PRESSURE REDUCTION
£
E

J3 Trainers and Consultants, Inc. 11
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ES

Heat
Transfer
Barriers

ES

Heat
Transfer
EEIETS]

Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

Heat Loss and Recovery Units

PROSPECTIVE AREAS

Heat Transfer Barriers

Radiation and Convection

Heat Recoveries

Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

J3 Trainers and Consultants, Inc.
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E.  Steam Plant Components - B. Ancillary Systems » 2. Distribution Network

0]

& 1
'1ddaes*s : available

C

E.  Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

Heat Steam trap maintenance is key to optimization

Tra_r_l_Sfe" LOSSES FROM 3/16" DIA. LEAKAGE
Barriers 20000 250
o B §
STEAM g oo | g
TRAPS g oo | =2
W 10000 F
L som £ g
% cow £ &
2 aom i 0 @
2000 %

3 10 0 100
PRESSURE, psi

Cost per Year, US$  wwwSteam Loss, |bs/hr

-

E.  Steam Plant Components - B. Ancillary Systems » 2. Distribution Network

Heat Steam trap maintenance is key to optimization

gra”_Sfe" LOSSES FROM 3/16" DIA. LEAKAGE
arriers
ppells Steam Loss: 213 Ibs/hr P
STEAM % thow £ Annual Cost N,
TRAPS 2o § US$ 18,650 0 8
w0000 §
& gom 10 3
B sow i u
8 aom ¥ s @
2000

PRESSURE, psi

Cost per Year, US$  wwwSteam Loss, |bs/hr

-
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ES

ES

Heat
Transfer
Barriers

AIR
VENTS

ES

Heat
Transfer
EEIETS]

AIR
VENTS

Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

AIR AND
CONDENSATE
FILMS thickness
affects heat transfer

effectiv
remov
draina
increas
produc

Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

250°F).
AIR AND 1
OND A |
affe es 3 e Heat at
15 psi
e e {240
e ova e
dra a(
1 Heat at
g 10 psi

Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

FACTS ABOUT AIR

Air film Draining and Air Venting
0.025mm THICK
(1/2000-inch)
resists heat transfer
as much as a
copper wall
330mm THICK
(13-inches)

J3 Trainers and Consultants, Inc.
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E.  Steam Plant Components - B. Ancillary Systems » 2. Distribution Network

Radiation
and
Convection

' Gombustion
Leakages

Damaged )
Refractary.~

Steam-Lines

Steam Plant Components — B. Ancillary Systems » 2. Distribution Network

Heat H
Recovery

STEAM

CONDENSATE

E.  Steam Plant Components - B. Ancillary Systems » 3. Integrated Controls

MAKEUP H,0 BURNER
SYSTEM @+ | CONTROL
METERING o | Modulating
SYSTEM Stack
Temperature
SAFETY g -
SYSTEM | hHe@ 0, Trim

|nteg|'§fed =

Water leve probe 15 v
* o
Foodwator
fowmeter
¥
Spilback ¥ o Blowdoan

L

i o Jail
o+

W He FEah
H

=5
@ 3-ELEMENT CONTROL

to BMS?

=
*Building Manm;ehem syslemg

e

J3 Trainers and Consultants

, Inc.
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‘F.B

oiler Efficiency
Calculation Methods

Fuel-to-Steam

amounts of | True Boiler Efficiency | heat transfers
unburned fuel considers the from

and excess | effectiveness as HX| combustion

air in the plus radiation and to water
exhaust convection losses |__(as HXY) ISt

ASME Power Test Code

Input-Output (PTC 4.1) Heat Loss
(Direct) 2-Methods (Indirect)

F. BoilerEfficiency - Input-Output Method

Radiation RADIATION AND CONVECTION LOSSES
and 106508 0308
5 FRNGRATE
Convection i) P
Losses wesi [ uspss | wps6 [ wsess | S
B o | | | |5
£ s | o | os | oos
5 [ R T
10 o | o | o | o o “
Bsedonstha anforsand0°F FIRING RATE (3 OF LOAD)

ENERGY LOSSES Radiation. @
onvection
INPUT OUTPUT
Boiler _ (_ Heat of Steam, Q; + Lossesd ) o
Efficiency ~ Heat of Fuel, Q,

w,, weight of steam, kg/hr
Qs = W X( hg - hf) hy, enthalpy of liquid at feedwater temperature, kJ/kg
hy, enthalpy of vapor at operating pressure, kJ/kg

- . weight of fuel, kg/hi
Q = W, x HHV i, weghtol e, kghr Jenene

HHYV, high heating value of fuel, ki/kg

F.  Boiler Efficiency - Input-Output Method

HIGH firing rate (% of load)
LOW
radiation and convection losses

J3 Trainers and Consultants, Inc.
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F.  Boiler Efficiency - Input-Output Method

FUEL-TO-STEAM EFFICIENCY VS. FLUE GAS TEMPERATURE
Flue Gas o

Temperature
Effect to

g " Propene
Fuel-to- >
o
SICE] z Errane
" g
Efficiency £ o P
w Natural
7 Ges
7
76 7 ‘

250 215 300 325 350 375 400 425 450 475 500
FLUE GAS TEMPERATURE (°F)

LOW flue gas HIGH fuel-to-steam
temperature efficiency -

F.  Boiler Efficiency - In

HIGH
O, concentration
LOW
fuel-to-steam
efficiency

High O,
Concentration
in Combustion
Air

9% EFFICIENCY

) mEFFlClENCVVS AMBIENT TEMRERATI'RE HIGH an—]blent
?mbmmt g = temperature
emperature g “
in Boiler £ e
House 5 fuel-to-steam
€ - € - e
A efficiency

F.  Boiler Efficiency - Input-Output Method

TURNDOWN RATIO

Maximum TURNED DOWN when
Heat

Outout HEAT temperature / pressure
D SOURCE approaches the setpoint

Minimum is TURNED UP when
Heat gradually  temperature / pressure
Output falls below the setpoint

J3 Trainers and Consultants, Inc.
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F.  Boiler Efficiency - Input-Output Method

75 BO. HP CLAYTON

TURNDOWN RATIO

F. BoilerEfficiency - Input-Output Method

SOOT THICKNESS EFFECT TO FUEL USAGE

Soot presence — 16%
a manifestation 14%
of maintenance 2 =
effectiveness Q10 —
% 8% wINCREASE IN FUEL TO
0 T MAINTAIN ORIGINAL
Woew HEAT TRANSFER
uw % RATES
2% Sgaon
0%
0.8 16 24 3.2

SOOT THICKNESS, MM

i G

. Optimization Checklist

IV P

Metering and mass balance
Steam distribution

P - the Process
Steam

gl Flash steam, condensate, Optimization
and waste heat recovery Program

Process methods

J3 Trainers and Consultants, Inc. 18



G. Optimization Checkiist - Plant Energy Balance

FROM FUEL
- - CAIN

Heat flue gas
(N=IH)V/ETgA condensate

at DOIoN
conversion

([l 1ieTl flash steam

Generation process

losses hleat heat

Recover
Radiation and BN flash steam

at process
convection losses P condensate

G. Optimization Checkiist- Energy Efficiency Actions (some)

Sequence control and firing strategies
Ei_n'flrgy 2. Variable speed drives
Icien A 5 2
clency 3. Boiler cladding and insulation of pipework and fittings
Measures - =
4. Combustion air preheat

6. Steam accumulators to recover residual heat from blowdowns
7. Removal of redundant steam line

5. Fuel to air ratio
8. Cost-benefit analysis re: water tube vs. fire tube boiler

9. Alternative fuel source: LPG / LNG vs. fuel oil vs. cheaper fuel
10. Start up procedures for boilers

s

PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

Assumptions: > Solve for Qe before having economizer
+ Initial feedwater temperature without
economizer: 20°C X
Desired preheat temperature with Q= (1-39 f) X (4-13
economizer: 60°C

Boiler operating pressure: 10 bar Q=930.44 KW
(saturated steam temperature = 180°C) » Solve for Qe before having economizer
Latent, gporn L, * @100°C = 2257 ki/kg Quam=mxL,

Specific heat capacity of water, c: 4.18 tatent kg W
Klkg-*C Q= (139%)x(2257 Fg)
Boiler efficiency without economizer: 85% Q=3134.73 KW

Flue gas temperature exiting the boiler:

Qsensm\e =mxcxAT
L}
kg“C

) x (180°C - 20°C)

220°C » Solve for Total Qqeee before having economizer
+ Mass flow rate of steam, m: 5000 kg/hr = Quotal = Qsensiviet Qatent
1.39 kg/s Q  =930.44 KW + 3134.73KW
“Latent, gy, L, is also Enthalpy of Vapor, hy, Q  =4065.17 KW
-
1KJ/s ~ IKW J e

J3 Trainers and Consultants, Inc.
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PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

ASSUMPTIONS:

« Initial feedwater temperature without economizer: 20°C

« Desired preheat temperature with economizer: 60°C

< Boiler operating pressure: 10 bar (saturated steam
temperature = 180°C)

* Latent,qp,, L, @100°C = 2257 kJ/kg

« Heat capacity of water, CP: 4.18 kJ/kg-°C

« Boiler efficiency without economizer: 85%

« Flue gas temperature exiting the boiler: 220°C

« Mass flow rate of steam: 5000 kg/hr = 1.39 kg/s

-

J

PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

P Solve for Qg.nsiie PEfOre having economizer:

Q=mxCxAT

_ kg kJ of _ 900
Q= (1.39 - )x(4.18 kg,oc)x (180°C — 20°C)
Q = 930.44 KW

Iniial feedwater temperature without econormizer = 20°C
10 bar (saturated steam temperature = 180°C)

PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

» Solve for Qe before having economizer:
Q =mxL,ewrc
- kg X
Q= (139 )x(2257kg)
Q =3134.733 KW

J3 Trainers and Consultants, Inc. 20
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PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

» Solve for Total Qgensinie DEfOre having economizer:

Q = Qsensible + Qlatent
Q =930.44 KW + 3134.73 KW

Q = 4065.17 KW

PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

» Solve for Qgensipe after having economizer:
Q=mxCpxAT

Q=(139%¥)x (418 k;[c) x (180°C — 60°C)
Q =698.39 KW

Iniial feedwater temperature with economizer = 60°C

10 bar (saturated steam temperature = 180°C)

PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

» Solve for Qgensipe after having economizer:
Q=mxL,

Q= (1.39%€)x (2257 :—;)
Q = 3134.733 KW

J3 Trainers and Consultants, Inc. 21
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PROBLEMS Example: Let's calculate the heat saved by using an economizer to
preheat the feedwater for the boiler

» Solve for Total Q| aent:

Q =698.39 KW + 3134.73KW
Q =3833.11 KW

» Solve for Total KW Savings:

Qsavmgs = anhout economizer — anh economizer
Quavings = 4065.17 KW — 3833.11 KW
Qsavings = 232.05 KW

KNOWLEDGE REVIEW
(Select the best answer)
1. What are the two main categories of boilers?

a. Fire tube and water tube
b. Combination and system
c. Condensing and non-condensing

d. High pressure and low pressure

. Whatis the purpose of an economizer in a boiler (
system?
a. To preheat the combustion air
b. To pre-heat the feedwater
c. To reduce stack temperatures

N

d. To increase the amount of excess air

KNOWLEDGE REVIEW

(Select the best answer)

3. Whatis the recommended amount of excess air to
achieve high thermal efficiency in a boiler system?

a. As much as possible

b. None

c. Only enough for complete combustion l

d. It depends on the fuel used and other factors

4. Whatis a steam accumulator? X
a. A device that stores steam for later use
b. A device that removes excess steam from a system
c. A device that measures steam flow rate
d. A device that regulates steam pressure

J3 Trainers and Consultants, Inc. 22



KNOWLEDGE REVIEW

(Select the best answer)

5. Whatis the difference between a fire tube and a water
tube boiler?
a. The direction of the water flow

b. The type of fuel used
c. The size of the boiler
d. The location of the burner

KNOWLEDGE REVIEW

In a chemical plant, a flash evaporation process is used
to separate a mixture. The process operates
vaporizing the feed at a constant pres,

enters the flash drum at a rate of ith a
temperature of 90°C and leaves as a or at
a pressure of 5 bar. The latent heat n for

the mixture at 5 bar is 1,800 kJ/kg. Cal heat
transfer rate required for the vaporization|

- |

KNOWLEDGE REVIEW

A steam generator in a small power plant produces

superheated steam. Water at a flow rate of 2 /hr
enters the generator at 120°C a as
superheated steam at a temperatur 00°@d The
specific enthalpy of liquid water at 504
kJ/kg, and the specific enthalpy of su am

at the outlet is 3,080 kJ/kg. Calculate th sfer
rate required in the steam generator.

P |

J3 Trainers and Consultants, Inc.
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