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 Evaluate the performance of gas power cycles for which the
working fluid remains a gas throughout the entire cycle.

* Analyze vapor power cycles in which the working fluid is
alternately vaporized and condensed.

* Analyze power generation coupled with process heating
called cogeneration.

 Investigate ways to modify the basic Rankine vapor power
cycle to increase the cycle thermal efficiency.

* Analyze the reheat and regenerative vapor power cycles.

* Analyze power cycles that consist of two separate cycles
known as combined cycles.
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Mechanical Engineering 1 The Carnot Vapor CyC|e {;mnm*

Heat source ‘ T-s diagram of two Carnot vapor cycles
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The Carnot cycle is the most efficient cycle operating between two specified temperature limits
but it is not a suitable model for power cycles. Because:

Process 1-2 Limiting the heat transfer processes to two-phase systems severely limits the
maximum temperature that can be used in the cycle (374°C for water)

Process 2-3 The turbine cannot handle steam with a high moisture content because of the
impingement of liquid droplets on the turbine blades causing erosion and wear.

Process 4-1 It is not practical to design a compressor that handles two phases.

The cycle in (b) is not suitable since it requires isentropic compression to extremely high
pressures and isothermal heat transfer at variable pressures.
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Carnot Vapor Cycle Using Steam
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Meokanical Englnooriag 2. Rankine Cycle : Ideal Cycle {q
for Vapor Power Cycles

TA

Many of the impracticalities associated with the
Carnot cycle can be eliminated by superheating

3
*wlurh.out

the steam in the boiler and condensing it i f——

completely in the condenser. , \t
The cycle that results is the Rankine cycle, IY’ 2 4/\
which is the ideal cycle for vapor power plants. Ml

The ideal Rankine cycle does not involve any
internal irreversibilities.

-2 Isentropic compression in a pump

2-3  Constant pressure heat addition in a boiler

3-4 Isentropic expansion in a turbine

4-1 Constant pressure heat rejection in a condenser

O X[HEA A B A &(ECOS)

Energy Conversion System Lab. &W # yaow



Mechanical Engineering

Bt N s0F
PUSAN NATIONAL UNIVERSITY

Th

b3
— v
N

" 4 4
Qout

wpump.in

»>
5

The efficiency of power plants in the U.S. is
often expressed in terms of heat rate, which
is the amount of heat supplied, in Btu’s, to
generate 1 kWh of electricity.

3412 (Btu/kWh)
Heat rate (Btu/kWh)

Th —
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Energy Analysis of the Ideal Rankine Cycle -
Steady-flow energy equation
(Gin = Gou) + (Win — Wou) = he — I (kJ/kg)
Pump (¢ = 0): Woump.in — 12 — Iy
Gin } o Woumpin = V(P2 — Py)

Boiler (w = 0): Gin = h3 — I
Turbine (g = 0): Wearbour = N3 — Ny
Condenser (w = 0): Gou = ha — Ry

1

Whet — 9in = Yout — 1’Vturb,out o 1"”'pump.in

Wihet — 1 Yout
(] in (] in

nth -

The thermal efficiency can be interpreted as the ratio
of the area enclosed by the cycle on a T-s diagram to
the area under the heat-addition process.
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1.pump
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Energy Analysis of the Ideal Rankine Cycle

2. boiler
My =My = I
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3. turbine

1y = ;3?4 = m

shy = W, +mghy
Wy = 115 — )
Vird = h h

4. condenser

Sy =8;+ X8,

hy=h,+x,h,
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Wechanical Engineering Ex 10-1, The Simple Ideal Rankine Cycle
Sy = Sp X455
in
A_ ‘- Sy =87 _
Boiler Sk
l 350°C T °C 4
-@ +31 MPa @ Qm 1;-’4 = hf + ,‘{'4}.'},3
Wiigh owi q.!‘.i’! =—= }33 — hz {f?
i h:;‘
Woump.in Turbine — w50 3 :
w /
£ Pump
U -./ ?S]{Pa @ :hlul g
o :
: &
{D +75kPa Condenser . \é‘r
I 4
l | .

.".'l = "'-l .'l'.q = .".'Il 5

75 kPa

Y=y, = CONST.

hy—h =v,(B —F)
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3. Deviation of Actual Vapor Power {q
Cycles from the Ideal Ones

The actual vapor power cycle differs from the ideal Rankine cycle as a
result of irreversibilities in various components.

Fluid friction and heat loss to the surroundings are the two common
sources of irreversibilities.

Th

[rreversibility
in the pump

IDEAL CYCLE

| 1. Fluid friction causes pressure drops
Pressure drop
in the boiler

23 2. Heat loss from steam
\ Irreversibility to surrounding

—_——
—— e

/“' 7 ll in the turbine
W\’
ACTUAL CYCLE \

______ \ 5 4
Pressure drop /‘

in the condenser
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3. Deviation of Actual Vapor Power {q

Cycles from the Ideal Ones

(b) The effect of pump and turbine irreversibilities

Isentropic efficiency
of pump

w. h,.—h
UP — — 2S 1
w, h,-h

on the ideal Rankine cycle.

- W pumpin  Vi(P,—R)

W

pump,in

Tp
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Ex 10-2, An Actual Steam Power Cycle

Whet = turb,out _Wpump,in

_ Ws,pump,in _ Vl(PZ B Pl)

Wpump,in - Wturbine,out — 77T Ws,turbine,out
T Mp
15.9 MPa
350C 15.2 MPa T
©) 625°C
. Boiler

(2) 116 MPa

Wiurh,out
Wipump,in —
Puimp I"'"
Ne = 085

9 kP,
0 "3H'-'EI'1

Condenser
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wecnanicat ancerna 4, HOW Can We Increase the Efficiency {q
of the Rankine Cycle?

The basic idea behind all the modifications to increase the thermal efficiency
of a power cycle is the same: Increase the average temperature at which heat is
transferred to the working fluid in the boiler, or decrease the average
temperature at which heat is rejected from the working fluid in the condenser.

Lowering the Condenser
Pressure (Lowers T,y avg)

To take advantage of the increased
efficiencies at low pressures, the condensers
of steam power plants usually operate well
below the atmospheric pressure. There is a
lower limit to this pressure depending on the
temperature of the cooling medium

Side effect: Lowering the condenser
pressure increases the moisture content of the

steam at the final stages of the turbine.
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River temp. 15C
-> Temp. diff. 10C
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Superheating the Steam to High {*w
Temperatures (Increases Ty avg)

Mechanical Engineering

Both the net work and heat input
increase as a result of superheating the Increase in w,,,
steam to a higher temperature. The
overall effect is an increase in thermal
efficiency since the average
temperature at which heat is added
Increases.

Superheating to higher temperatures
decreases the moisture content of the | 4 4
steam at the turbine exit, which is
desirable.

po
-

¢ Superheat the vapor
Average temperature is higher during heat additon.
Moisture is reduced at turbine exit (we want x; in the above example >
85 percent).

- ¥

The temperature is limited by metallurgical
considerations. Presently the highest steam temperature

OlUXIESA2-ARE(ECOS) gllowed at the turbine inlet is about 620°C in USC Bolier
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Increasing the Boiler Pressure (Increases Tgp ayq)

T4
For a fixed turbine inlet temperature, the

cycle shifts to the left and the moisture i /\———3' —3- 7,
content of steam at the turbine exit \ i / /
Increases. This side effect can be \/ Decrease
corrected by reheating the steam. " // i we
-> Reheating has both 2 \
benefits ‘
| ) 4 4

t Y

¢ Increase boiler pressure (for fixed maximum temperature)
Availability of steam 1s higher at higher pressures.
Moisture is increased at turbine exit.



A supercritical Rankine cycle

Today many modern steam
power plants operate at
supercritical pressures (P >
22.06 MPa) and have thermal
efficiencies of about 40% for
fossil-fuel plants and 34% for
nuclear plants.

- 2.7MPa in 1992 to over
30MPa today

- output 1000MW

- 150 Super-critical Plants

Critical 22|06MPa,
point  647.1K(374.1C)

y
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Clean Coal Technology in power generation sector

O Future development of the high-efficiency coal fired thermal power generation

- A-USC: Advanced ultra super critical pressure power generation

- IGCC: Integrated Coal Gasification Combined Cycle

usc A-USC IGCC(1,500degC )
Configuration Boiler Boiler Gasifier HRSG
.I j}-: y
GT

ST ST ST
Thermal 42% 46% 46~48%
Efficiency
CO2 Emission Base A11% A13%
Reduction
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MEA E2EAIGH IHE & ELH|2l E28 2

900 30
(Based on Pittsburgh #8 Coal)

850 + . Percent CO2 Reduction =+ 25
o C0O2 Emission, tonne/kWh from Subcritical PC
2 T 5
2800 T N —— N
5 T
S Q
& (1 4

-+ -+ o™

E 750 15 8
5 Ultrasupercritical =
= @
& 700 + PC Plant Range o 10 S
o~ [
's) o
© Subcritical

650 4+ PC Plant

600 1 } i i i i i i } i i } 0

37 38 39 40 41 42 43 44 45 46 47 48 49 50

Net Plant Efficiency, %
Combustion Technology University Alliance Workshop, August 4, 2003, Columbus, OH E|=E|
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Roadmap for High-efficiency coal-fired power generation- Japan
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- A-USC: 700deg C class Turbine with 46% efficiency by around 2015
and 48%b efficiency by around 2020

- IGCC: 1500degC class Gas Turbine with 46~48% efficiency by
around 2015 and 1700deg C class Gas Turbine with 50% efficiency

by around 2025

1500degC GT
46~48%

IGCC

1700degC G

A-IGCC
57%

A-USC

600degC 750degC
42, 700degC 48%
46%
1950~ 2000 2010 2020 2030 2040
UuscC Fiscal Year
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Source: Cool Earth-Innovative Energy Technology Program,
March 2008 Ministry of Economy, Trade and Industry
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Roadmap for High-efficiency coal-fired power generation- EPRI

B i
PC Plant Evolution to 2020 and Beyond
I
NOW NOW NOW FUTURE FUTURE
to 2010 2010-20 2020+
 Subcritical » Subcritical - USC +USC +UsScC
« Supercritical * Supercritical «+ 800 MW* + 800 MW* + 800 MW
Existing Current- Advanced Advanced Advanced
PC Plants Generation PC PC Plant PC Plant PC Plant
w/ Changes Plant Designs 600°C/ 650°C/ 700°C/
537°C-565°C 537°C-582°C 241 Barg 276 Barg 310 Barg+
« CO, Capture + SOA Design * Advanced * Nickel / * Nickel Alloys
Issue - CO, Capture Ferritic Materials Austepitic + CO, Capture
* Emissions Issue Accommodation *CO, Capture Materials Capable
+ Future Emissions AAccommodation *CO, Capture . Near-Zero
Reductions » Future Emissions Ready Emissions
Reductions + Advanced
Emission
Controls
=2l | RESEARCH INSTITUTE

& 2007 Electric Power Research Instiute. Ine. All mahts reserved 18
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Roadmap for High-efficiency coal-fired power generation- Kor ea

HSC(Hyper Super Critical) &3 7)<

FALTAL 7] GRE USC LA 7| viF o2 7)€ EESHTA ] 2472 v &%E
22%
A A

A58 5 I 157 E SEYAJHSC) A G dA7|=E

+E}gA A 2 gds 4
+ 3 9] Network2 53 AERTR
+HSC 241712 A3 51

TF Ay

AA71€ :'11.01 ~ '16.12

r—
GI0C(UE A" @ eecssnnnas . 2297 (UsC) o A - . .
. ] =
580 (EU HA) FErE > 600 ‘H"&El. gl F #7171 71e/d
44.2 USC 621T :'11.01 ~ 14.12

o 593C(2#5.6) (F4) 2% Test

5[1_ 566'C (%9 F4#1.,2) v—
39.4 Sﬁmm EX (Su;:er-c:ritical) s A

F7]12% >540TC 7]?&1& S EAA CO, v &F
(« 5 5R 94
T 1 I I I I AAF FEY FAT|EE A
970 1990 2000 2005 2010 2015 2020 |2 GlobalLeader 2} 91= |

Source : FMSZ Y SEAH JAUEH? ©HIIE, AZH &F
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Roadmap for High-efficiency coal-fired power generation- Korea

USC(Ultra Super Critical) &3 7)<

FATETHLE FHAHAAE 3l AA HaaE) IS4, 188, dE&F 1000MWH =2 A A%V
A HT A 5717 A R AFR 719 52 ol Z3ste 483 £1] T

73 A AL 8] 2

SA8F
(MW)

F71za"
(kglcm2/C/TIT)

265/610/621

256/600/610

gHES Y
(%)

Min. 44 .4

co2H|&F Y
(THENyr)

278/580/600
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h [kJ/kg]

' 2606 2900

_Aaaaa 2800

ng 1&2 (800MW) Efficiency

Efficiency = 1 — Qowt / Qi

= (hw-hs) + (Reheater22t / Boiler2.aF) X (hu-ha)
(1459.3-540.5) + (4182930/ 5050270) X (1545.6-1277.8)
1140.61 Btu/lb

= (Conderser@2F / BoilerQ 2f) X (h14-h1)

= (3601662/ 5050270) X (984.6-59.7)
= 659.60 Btu/lb

Efficiency = 1 — (659.6/1140.61) = 0.42



Ex 10-3, Effect of Boiler Pressure and
Temperature on Efficiency

h, =3116.1kJ / kg h, =3682.8kJ /kg h, =3583.1kJ / kg
T Ts T
Ty = 600°C X
& p = 600°C
m Ty=350°C N
1 MPa 3 MPa
; 10 kP \/ / I Ko \‘/ ' 10 kFa \/
Al AN A "N A 4N
h, = 2380.3kJ / kg h, = 2115.3kJ / kg
‘Iu: X [b.l L I:I] 8]
M =1 0,334 M =1 (373 M =18 .430

qin qin qin



5. The Ideal Reheat Rankine Cycle

How can we take advantage of the increased efficiencies at higher boiler pressures
without facing the problem of excessive moisture at the final stages of the turbine?

1. Superheat the steam to very high temperatures. It is limited metallurgically.
2. Expand the steam in the turbine in two stages, and reheat it in between (reheat)

Component Process First Law Result
Boiler Const. P _gu =(hy-h)+ (hs - h)
Turbine [sentropic Wy =(h3 - As) + (hs - B
Condenser Const. P Qe =(he- )

Pump [sentropic wy  ={h-Mh)=w(F-F)

Rcheating
High-pressure
turbame

Low-pressure
turbing

Boiler

é,_

Condenser
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Mechanical Engineering

The single reheat in a modern power plant Ty
Improves the cycle efficiency by 4 to 5% by
increasing the average temperature at which heat - - Ty roheat
Is transferred to the steam. )

The average temperature during the reheat process
can be increased by increasing the number of
expansion and reheat stages. As the number of

stages is increased, the expansion and reheat /
processes approach an isothermal process at the A
maximum temperature. The use of more than two / \

reheat stages is not practical. The theoretical
improvement in efficiency from the second reheat
Is about half of that which results from a single
reheat.

= |

The average temperature at
which heat is transferred
during reheating increases as
the numbero f reheat stages

The optimum reheat pressure is about one-fourth is increased
of the maximum cycle pressure. -> More than two reheat
stages is not practical

The reheat temperatures are very close or equal to
the turbine inlet temperature.

O X[HEA A B A &(ECOS)
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Mechanical Engineering Ex 10_4’ The Ideal Reheat Cycle {iﬁmm;

Rankine Cycle with Reheat

Component Process First Law Result

Boiler Const. P Gp =3 - )+ (hs - hy)

Turbine Isentropic  Wew = (i3 - by) + (hs - Bg)

Condenser Const. P Gor = (g - 1)

Pump Isentropic wy  ={n-M)=w(F1-P)
T, °CH

Fecheating

15 MPa @ L
Frr._._____,..--""'

. Low-P
Baoiler @ turbine
H::hu:m;r:ri
Py=Ps= P

O @ 10 kPa
®

15 MPa Condenser
Pump

@ O I U&[;a -

M =1— 2 = 0,450

qin
Ol X 2HA | A "I 0151 &1 (ECOS)
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Mechanical Engineering 6 The Ideal Regeneratlve Ranklne CyCIe {*quﬁﬁﬂwﬂnm*

Heat is transferred to the working fluid during
process 2-2 at a relatively low temperature. This 74
lowers the average heat-addition temperature Lﬁ:;;ff::&l;f{;ﬁfﬂ
and thus the cycle efficiency.

Steam exiting
boiler

In steam power plants, steam is extracted from
the turbine at various points. This steam, which
could have produced more work by expanding
further in the turbine, is used to heat the

feedwater instead. The device where the ] 4‘<
feedwater is heated by regeneration is called a /

regenerator, or a feedwater heater (FWH).

Steam
entering
boiler

"

A feedwater heater is basically a heat exchanger

where heat is transferred from the steam to the The first part of the
feedwater either by mixing the two fluid streams  heat-addition process
(open feedwater heaters) or without mixing In the boller takes
them (closed feedwater heaters). place at relatively low
temperatures.

MU XIHSA|A A A A (ECOS)
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Mechanical Engineering (mﬁtﬁhﬂ
Open Feedwater Heaters *

The ideal regenerative Rankine cycle with an open feedwater heater.

Cwcle with an open feedwater heater €00

1 1 1 1 1 1 1 _l: 1 1 1 1
i Fankine Steam Power Cycle with an Open Feedwater Heater = 3000 kPa ‘||' .
Too | f i
5 !

T[C)
| ! |
—

| . 10kPa
Eoiler m5 \/ .
y "
|||6 "\ 7
1-y Ty ]
1 \ 1 1 -\N"\ 1
4 5 8 10 12
s [kJkg-K]
”'.!m = 'rnnut Eiﬂ = Lo
Mg + 1y, = My = M, thghy + M,y = 1ighy
m, =y — i, =M, (1-») yihshg + (1= y)mgh, = migh,
h. —h,
-
Ol XS SA| A B H 2 A (ECOS) I — 1,
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Open Feedwater Heaters(FWH)

Qin = h5 - h4
Qout = (1_ y)(h7 - hl)

/\/ y =, /

:V1(P2 - Pz)
= V3(P4 - Ps)

W

s pumpl ,in

N W

pumpll ,in

L |

Wiurb,out = (hs o hs) + (1_ Y)(hes o h?)
Wpump,in = (1_ y)WpumpI in + Wpumpll in

MU XIHSA|A A A A (ECOS)
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Closed Feedwater Heaters

6
Bailer Turbine
\,a“ 7
Mixing \
chamber Clozed
9 FWH : ,./
5 VYV \
4 3
_lo_ Condenser 5
1

Pump 1 Pump |
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Closed Feedwater Heaters
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Boiler

Turbine

C:L:D

||

Deacrating

Condenser

MU XIHSA|A A A A (ECOS)
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T
1 Closed Closed Open Closed 1
L i
Pump
Pump
* Trap = == Trap (— =\ Trap




Mechanical Engineering

8. Cogeneration

A simple process-heating plant

The production of more
than one useful form of
energy (such as process
heat and electric power)
from the same energy
source

MU XIHSA|A A A A (ECOS)
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Boiler

Qin

Pump

y

Process
heater

|)Q.p




Mechanical Engineering

Utilization factor
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An ideal cogeneration plant

OOUf

n

> 80

®

Boiler Turbine [E|ESS2
(5{] kW
{ Process
120 kW heater

pump



Mechanical Engineering

®

A cogeneration plant with adjustable loads =

Expansion
valve

Qin = I’f‘l3(h4 - hs)

Qout = m? (h7 - hl)

QP - mshs + m6h6 - m8h8

Boiler

Wturb - (m4 - m5)(h4 - hs) + m? (he - h7)

MU XIHSA|A A A A (ECOS)
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Process
heater

@ T Pump II
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wecnanicat mameerns 9, Combined Gas-Vapor Power Cycles {q

« The continued quest for higher thermal efficiencies has resulted in rather innovative
modifications to conventional power plants.

* A popular modification involves a gas power cycle topping a vapor power cycle, which is
called the combined gas—vapor cycle, or just the combined cycle.

* The combined cycle of greatest interest is the gas-turbine (Brayton) cycle topping a
steam-turbine (Rankine) cycle, which has a higher thermal efficiency than either of the
cycles executed individually.

» It makes engineering sense to take advantage of the very desirable characteristics of the
gas-turbine cycle at high temperatures and to use the high-temperature exhaust gases as
the energy source for the bottoming cycle such as a steam power cycle. The result is a
combined gas—steam cycle.

* Recent developments in gas-turbine technology have made the combined gas—steam cycle
economically very attractive.

» The combined cycle increases the efficiency without increasing the initial cost greatly.
Consequently, many new power plants operate on combined cycles, and many more
existing steam- or gas-turbine plants are being converted to combined-cycle power plants.

« Thermal efficiencies over 50% are reported.

MU XIHSA|A A A A (ECOS)
Energy Conversion System Lab. 5W # y&ow
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Mechanical Engineering

1300

1090-MW Tohoku Combined

Cycle

- 1985 Niigata Japan

- 44% thermal efficiency

- 191-MW steam turbines*2plant

- 118-MW gas turbines*6 plants

- 1154=C gas turbine inlet 450
- 500°=C steam turbine inlet

300
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Mercury-water binary vapor cycle

T
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Mercury ) (mercury)
pump MERCURY — :
CYCLE J
{:EI Heal exchanger MERCURY
AW © cvar I\
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@ Superheater =
STEAM ‘ -
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CYCLE Boce
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Sweam CYCLE
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« The Carnot vapor cycle
* Rankine cycle: The ideal cycle for vapor power cycles
v Energy analysis of the ideal Rankine cycle
« Deviation of actual vapor power cycles from idealized ones
 How can we increase the efficiency of the Rankine cycle?
v Lowering the condenser pressure (Lowers Ty, ayq)

v Superheating the steam to high temperatures (Increases Ty, avg)
v" Increasing the boiler pressure (Increases Tgh )

 The ideal reheat Rankine cycle
* The ideal regenerative Rankine cycle

v' Open feedwater heaters
v" Closed feedwater heaters

« Second-law analysis of vapor power cycles
« Cogeneration
« Combined gas—vapor power cycles

O X[HEA A B A &(ECOS)

Energy Conversion System Lab. 5W %%&on
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Chapter 10 Assessment

Examples and two problems in each subparts
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Flow form Heat transfer area
Steam
‘l" One-phase Convective heat transfer
: 'water flow to the steam
X = :
— X = L
- Steam- o Droplet flow Post - dryout - area

temperature

|
|
|
|
|
|
- Dryout —=|---|f . :
|
Wall | Annular flow with
ter?m _erature- | entrainment of water  Convective heat transfer
P l through the water film
|
Mean fluid- |
—Itempr;rature | Annular flow
|
Température % ' Plug flow .
of the fluid | Boiling
e |
X = o Bubble flow
| ; = 8 e : Sub-cooled boiling
"-:T-'I One-phase Convective heat transfer
Temperature ¢— \ Water (flow) water flow to the water

The location of the boiling crisis and the level the wall temperature rises to
- depend on numerous factors, such as the heat flux density, the mass flow
enerey . deNsity, the tube design and the steam quality. ca”




wecnanicdlegnebrife-lOW and Heat Transfer Inside a Tube {q

Super-heated steam

A 4

Sub-cooled water > Water - Steam

Design coal ? Critical heat flux?

>

fe———Very high heat flux density ———>|

E heat flux
density

Temperature

Wall temperatures

Boiling
/crisisw
density '

] _4\_ v Low heat flux density

E Fluid temperatures E
—Wall tempgratures {

E i Steam enthalpy

0 100

Steam quality (%)

For the design of steam generators, boiling crises are of great importance,
— because they can lead to excess temperatures in the tube walls, which have to
energy ¢ DE taken into account in the design stage. "
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Fig. 4.12 Flow patterns and wall temperatures in a single-sided heated,

aiuxiEeAl horizontal or inclined evaporator tube (Kefer et al. 1990)
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Schematic diagram of a natural-
circulation steam generator .
(Stultz and Kitto 1992)

Natural-circulation steam
generators typically consist of
economisers and an evaporator
with risers that form the heated
furnace wall, a drum for the
separation of water from steam
and unheated down pipes and
superheaters.
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» 500MW T-Firing boiler

. Build up
\ / ——:E AuX air Aux air
= AUX air Aux air
RRERLL [TTFT] I:l Weak coal D Weak coal
E (B, D, = burner) D Conc.coal
,,,,,,, Aux air
Conc.coal ol
i (B, D, F burner) :
Aux air
L1 Aux air
Secondary Air - : S
I:l Oil C Weak coal
! E Aux air Bottom air
L >
bkl i Primary g Conc. Coal b
; c (A, C, E burner)
Alr > Con : Weak =7:3
B Weak coal F
(A, C,Eburner) A
RIS Bottom air
b CASE 500MW 550MW 550MW 550MW 550MW
R Design | Design | SUEK Mix Loa
I E H.V
5 . 6080 6080 5954 5300 5090
0 (kcal/kg)
Coal
(Ton/h) 193 208 212.4 238.61 248.46
Air flow
(NmA3/s) 375.6 404.8 403.7 453.3 472
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