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Steam Plant Fundamentals

First law of thermodynamiasenergy is neither created
nor destroyed, only altered in form.

Second law of thermodynamicsll thermodynamic
processes are irreversible
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Steam Plant Fundamentals

|Isothermalc constant temperature
Isobaricc constant pressure
Isometric¢ constant volume
Isentropicg constant entropy
Adiabaticc no heat transfer
Throttling¢ constant enthalpy
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Steam Plant Fundamentals

Thermodynamic cycle:

Fig. 3-7.

A reversible 2T heat engine.
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Steam Plant Fundamentals
Carnot Cycle (ideat)eff = 1(TI/Th)
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Steam Plant Fundamentals
Rankine Cycle

S
(A) Temperature-Entropy (B) Enthalpy-Entropy
(Mollier)
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Steam Plant Fundamentals
Rankine Cycle

Q A =HeatAdded =h - h ,
Q R = Heat Rejected =h¢-h g
PW=PumpWork=ha-hd
W = Net Work =hp-h.-PW
Tth = Thermal Efficiency = W

—— i

Qa
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Steam Plant Fundamentals
Regenerative DesignFeedwater Heaters

Turbine
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Wp, = Work of First Pump Wp, = Work of Second Pump

FIGURE 2.1.4  Single-extraction regenerative eyl
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Steam Plant Fundamentals
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Steam Plant Fundamentals
- | Reheat Design
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Steam Plant Fundamentals

Condensate Depressio8ifbcoolingc

Process of lowering condensate Temperature beloat
thereby reducing risk of cavitation but reducing
efficiency

LY ONBSubchofird d 2 6 SNE O2 Yy
lowers efficiency.

5 SONX ISudbdoglidly aNJF A 4Sa 02y
Increases efficiency.
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Steam Plant Fundamentals
Compression/Expansion not really Isentropic
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Steam Plant Fundamentals

Combined cycle Brayton/Rankine = topping/bottoming
cycle
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Basic Power plant Design

Purpose: electricity / process steam
Power plant

Heating Plant

Cogeneration

Combined Cycle

Combined CycleCogeneration
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Basic Power plant Design

Cycle Choice ST vs. GT

Steam vs. hot water

Fuel

Auxiliariesg duct heater

1&C

Development DBC vs. owners engineer
Site requirements
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Steam Generators

Fire Tube / \Water Tiihe dncmnc
T* - tﬂ'ﬁ—%d.{m Tﬂ .‘. _—‘L*

Toperng Ar Dacts Prwnary Av Duct
« l
FIGURE 2.3.1 Gencral arrangement of coal-fired subcritical-pressure watertube boiler (The Babeox
& Wilcox Co.)
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Steam Generators

Water Tubes hanging
from roof of boller.
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Steam Generators

Boiler Access
Door
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Steam Generators

Major Components

Furnace

Steam superheater (primary & secondary)
SteamReheater

Boiler Bank

Economizer

Steam Drum

Attemperator(temp control)
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FIGURE 2.3.2 Boiler steam-water circulation system
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Steam Generators

Steam Drum
Steam Qut Steam Out & Wate r
Wall
Design

Feedwater In Feedwater |
! n
o

Steam Drum Steam Drum

Heat input
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{a) Simple Natural or Thermal Circulation Loop {b) Simple Forced or Pumped Circutation Loop

FIGURE 2.3.3  Simple circulation systems.
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Steam Generators

Combustion Air System

Natural Draft

Forced Draft

Induced Draft

Booster Fan overcome pressure drop
Air preheater

Sootblowers
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Steam Generators
Water

Membrane Bar Wa||
rj’/'Wall Tube
=

Insulation
kLL - ‘ Metal Lagging
\lL/u
FIGURE 2.3.14 Membrane waterwall construction. { The Babc ock & Wilcox Co.)
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Steam Generators

Steam Outiet

o Steam Drum
construction &
operation

Scrubber
Elements
(Secondary)

Cyclone
Seperators
(Primary)

Manifoid

Batie ~ L ———— 72 .
Plates . N \

s '// \\\ ) h
Downcomer “Feed Pipes

Inlet

FIGURE 2.3.15 Stcam drum, sectional view, showing three rows ol primary
(The Babeock & Wilcox Col)

cvclone separators
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Steam Generators

Steam
Separator

Steam-Water
" Inlet

Shell — ™

Vanes”

Water

FIGURE 2.3.16 Vertical cyclone steam separator. (The Babcock &
Wilcox Co.)
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Steam Generators
A-type packaged

boilers
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Steam Generators
D-type packaged
boilers
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Steam Generators
O-type packaged
boilers

—

i ‘.
l | -r

(il

FIGURE 23.19 O-type packaged boiler has symmetry of design that
exposes the least tube surface to radiant heat.
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Steam Generators
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FIGURE 2.3.21  Large industnial power boiler with stoker firing and multifuel capa
bility. (The Babeock & Wilcox Co.)
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Steam Generators

HRS( Heat Recovery Steam Generator
Exhaust gas to generate steam
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FIGURE 2.3.22 Secctional view of a multipressure heat recovery steam generator for gas-turbine
exhaust applications.
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Steam Generators

_[Supemealer Approach, ATey Pl nCh Polnt &
Approach Point
S AT
L
@ - Stack
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= Economizer
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FIGURE 2.3.23 Temperature profile for a sample single-pressurc HRSG.
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Steam Generators
Fire Tube / Water Tube designs

iti induced Draft H
Coal Supply piion A Fan and Motor
: Gas Exit
Grit Arrestor
Cut-Off Valve
{ S
\ N\
Forced Draft Ash Discharge agl?ctw
Fan and Motor Chute

FIGURE 2.3.26 Coal-fired Scotch marine packaged firetube boiler with chain grate

stoker. (Industrial Boiler Co. NEL.)
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Burnerscg

Steam Plant Fundamentals

Oxygen controg stoichiometric
Minimize Aux energy for ignition
Minimize NOx &Oxormation
Collection of non combustible
Uniform combustion

Wide / stable firing range

Fast response

High avallability / low maintenance
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Steam Plant Fundamentals

RS Horizontally
— fired burner

Burner B
N '

Burner A T'\A
‘.7

e
o

Burner D

Burner C

FIGURE 24.2 Flow pattern of honizontal
(wall) finng.
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Steam Plant Fundamentals

[W— Coal & Primary Air
Ring Dampers— = o
Burner Throat T-- e

Combustion
Zone

Pulverized-Coal
Distribution Vanes

Coal Nozzle™

FIGURE 2.4.1 Burner for horizontal firing of coul.
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Steam Plant Fundamentals

Air Dampers
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Steam Plant Fundamentals
Tangentially fired burner

Main Fuel —
Nozzle L Ignitor
N ESTI .
= y
Windbox 2 ’ Coal Nozzle ’S\econdafy'
+ 1 ir
\ r-"‘} Dampers
s 'El Secondary-Air
r-:-J Nozzles
Secondary-Air _'y’ i
Dampers\ e Sidedgnitor FIGURE 2.4.3 Tangential firing pattern.
3 Nozzle
Coal Nozzle
Damper Drive Unit s
Warm-Up Oil Gun
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Steam Plant Fundamentals

Upper
Front HotGases High Pressure
(or Rear) JetAir
Wall —_| Primary Air and
Pulverized Coal
Arch

Secondary Air
— Arch

Tertiary Air
Admission

“U"-Shaped
Vertical
Pulvenzed-Coal
Flame

/\
/

F'umace Enclosure
(Refractory Lined)

FIGURE 2.4.5 Flow pattern of vertical firing
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Steam Plant Fundamentals

Secondary A¥  Gas Burners
s ”

Coal Deslaggng
Od Burner

-

Terary Ale

Slag Tap Opening

FIGURE 246 Cycho
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Steam Plant Fundamentals

Low NOX burners
NOx development dependent on Temperature when
combustion takes place

Primary and secondary combustion zomagore later.
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Steam Plant Fundamentals
Ignitersg
Provide ignition energy
3 types of Igniters
Classt > 10% main burner
A (o Flexiple) 9T ClassZ 4%c¢ 10% main burner
WS ) sew Class3 < 4% main burner

Rod
Retractor

Firnng Tip

Guide Pipe

Flexible Cable

FIGURE 2.4.9 High-energy-ar¢ ignmict
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Steam Plant Fundamentals

Combustion Process
- Adequate oxygen
- Thorough mixing of fuel & oxygen
- Temperature maintained above ignition temp
- Volume residence time adequate for complete
combustion
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Steam Plant Fundamentals
Stoichiometric ratia; Fuel to Oxygen

Table 6-2. Combustion Equations

Heat Release

Combustible Molecular Weight Reaction (Btu/lb)
Carbon 12 C+0, = CO, 14,100
Hydrogen ' 2 H, + 050, - H,0 61,000
Sulfur 32 S + 0, = SO, 4,000
Hydrogen sulfide 34 H,S + 1.50, — SO, + H,0 7,100
Methane 16 CH, + 2 0, CO, + 2H,0 23,900
Ethane 30 C,H, + 3.50, = 2CO, + 3H,0 22,300
Propane 44 C,H; + 50, — 3CO, + 4H,0 21,500
Butane 58 CH,, + 6.50, — 4CO, + 5H,0 21,300
Pentane 72 CH,, + 80, = 5CO, + 6H,0 22,000

Source: Combustion, edited by Joseph G. Singer, © 1991. Used by permission from Combustion Engineering, Inc.
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Steam Plant Fundamentals

Incomplete combustiom
2 C + Q A 2 CO Table 6-1. Composition of Combustion Air
CO is combustible with Dy strosphesio A

The volumetric composition of dry atmoshperic air guide

value of 4347 BTU/Ibm is given in the NACA Report 1235 (Standard Atmosphere—
Tables and Data for Altitude, November 20, 1952). Vol-
umetric composition and molecular weights of these con-
stituents are as follows:

Volume (%) Molecular Weight

Nitrogen 78.09 28.016
Oxygen 20.95 32.000
Argon 0.93 39.944
Carbon dioxide 0.03 44.010

(Neon, helium, krypton, hydrogen, xenon, ozone, are
<0.003%)

Source: Elliott, T., Standard Handbook of Powerplant Engineering.
©1989. Used with permission of McGraw-Hill.

UNIVERSITY OF : : .
-| SOUTH FLORIDA Energy Production Engineering
POLYTECHNIC Thomas Blair, P.E.

(tom@thomasblairpe.com )




Steam Plant Fundamentals
Stoichiometric aig just enough oxygen to combust fuel
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