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.37
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B 2.2-1

B 2.2.1-1
B 2.2.1-2

B 2.2.1-3
B 2.2.1-4

Bl % P &

Bl P &
REF R R P LA RFERET LR
Hardgrove Index vs. BEEv Gl o .
Abrasion Index vs. BRIVl
Mill Energy Consumption vs. ®E4=W o, .o ... . ......
Mill Wear Rate vs. EAZVe bl oo i,
Ash Fusion at Reducing Conditions vs. ®FE& 6., ...

Ash Fusion at Oxidising Conditions vs. EFE &), ...

160KW -] A1 2533k 2 .
PR TE BUrner & 5.
VPR ZFEBANICZE ML ARFERETFEMTY, L.
B
€7 P~ 8 (Vertical sampling ports)................
kT B~4k 8t(Horizontal sampling ports)..............
P pEE (Emission testing section)...............
A

---------------------------------------------------

% %] 1 Air ingress possible ........... . .. .. ...,
% %] 2 Insulation inconsistencies and possible
areas of alr INGIeSS. ..ttt
% 1] 3 Burner section - no defects ................
% ] 4 Hot area indicating probable furnace gas

BT ESS ottt
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1.2 /8RN F

1.2.1 = 4%
p #y b gk Hr O Fthp %
10/12 4 2

Doosan TR, KRR
10/13-10/20 ’
Backcock HQz | @& § ¢ w4 4 % #l 32 4%

(4 2 poliE-1 Crawley, 3 = |5 Blended coal %&b’z ¥ 4%, 3

Doosan LY ERRICR-D N F A
P BAZ) Backcock jiﬁff---etlcp ST RRE
R&D, Renfrew, )
2
Dantec digital Image Applications (PlV,
10/21-10/23 Dynamics Stress/strain & Vibration Analysis)
Gmbh, Bristol,
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10/24-10/25 iE A%
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1.2.2.2F %3 ¥V 3tk i 4

FRALGFF LI R A AP PR A 2
HMF T

- ~Doosan Babcock =9 % L &HHPN 7

o R H¥nlp2 BT (Gareth Jones, Mark Upton)
o %% ¥ (Gareth Jones, Ragi Panesar)

o Blended coal ¥4h¥ 2 # & (Gerry Hesselmann)

o 160kw F &%z 1 52 &* (Gerry Hesselmann, ---etc.)

o &R F & 47 F % % (Dr. LW Buchanan, Jim

Thomson, --etc. )

o webEEF P #F(John McMillan, Fraser Hardie)

= ~Dantec Dynamics =& ¢ % 2L B3 tHp 7
T ER I At 2RI (Mr. Rob Wood )
e 2D velocity vectors of a flow field

e Solid deformation, strains and stress
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B Tt boiler performance

Fuels Fired: ¥ 4 47
Combustion Performance: i & 351

l. In Furnace NOx Reduction

2. Carbon in Ash
Heating surface performance : 4k ~ %7 1 & £k &_
R L& RE > A9 & 7 ! Furnace, Platen SH, Final
SH, RH, Primary SH, Economizer banks
AT -&UR PRk st2 Steam flows % temperatures
wrid Fuel, Z # air %2 “E£ 5 gas flows¥%7» > % & iP[E
P A

1. Fuel Flows



2. FD Inlet Airflows
3. ID Fan flows
4. PA Flow to Mills
B Flue gas velocities
B Regenerative AH Performance

B Air & gas pressure loss, and electric power use

P Fs e plant performance
W 3 &R, %4 @ 45:FD fans ~ ID fans ~ PA fans
B Coal feeders

B Coal Mills

2RREE ATEFETZ R AP
B vhplgE 2 49 Fuel Characteristics
B 250 » &~ 47 1 Slagging indices( Ca0, Na20, Fe203,
and Ash temperature)
B 5% w445 2 Fouling indices( Ca0, and Na20)
B 5 ¥ 2. Boiler Performance

WP aER I ER SRR -



B Fp ¥ 2. Equipment Performance
m Coal Mills
B Coal Feeders
B Main Fans (FD, ID and PA)
B Regenerative AH
B SCR plant
B Electrostatic Precipitators

B FGD Plant

.V e ez el 1Y
#b =X &+ 4+ Doosan Babcock ¥ ¢ 9~ ¢ 10 #:i& {7 M4 &% Berau
coal ¥ iFTh, HiF e Sl & 40T ¢

B |n the Berau coal properties, no severe slagging and
fouling problems to their use.

B The lower heating values of the Berau coal and associated
higher fuel flowrates increase the demands on the coal
feeders and primary air fans in particular.

B The Berau coal could be utilized up to around 85% of boiler

MCR load without making any equipment modifications.



B ‘43z: Berau coal #1+
1. Tanito. KPC-~Kideco ~Berau # Adaro 35 &2 6" R ¥ & grft
N .t LR
2. BERAUB & =3 &P R 4 4 2 & & 7 o Berau £ ©

3. Berau #tA°% & FIA M

A

B P AR FRREaEER
95 & = 7 ¥ & Berau 37 E - B EF G o

4 Berau R A_ S8 R SR EE .

%1 Berau coal % = » %

Alr Driad_|_Dry, &sh Frae | A&s Raclevad
itimats Analyala Basals Basla Bagla
Carbon 5% wegnl TIE 241
Hyarogen | % welgnt 15E 304
MiTogen | % welgnt 15 105
Jaygen % wenl B9 ERE
Sulpur 5 welgnt 5 e
\oalsture e g"ll 18 25
AEN % wenl 276 135
TOTAL 100.00 100.00
Proximate .-'-'|I'IE|!|'H|B
\oalsture e g"ll 18 25
Volgles | % welgni 3504 3200
Flxed Caroon | B weignt 39 3567
AEN 5 wenl 75 L35
TOTAL 5 wenl 100.00 00,00
AL TERE 5500 510
Kl T344E 31445
SED = Inputs




2.1.2 iR4E R $HE w PR R AR & ) 3

€ F RALE AT B PR T P B S A A M e 2 R
R EMFLAPE R REREE R ARERF IRERER R
BERCERBEAYE Y FREFE2IFE A S LREEE H
SRS ZRERE R a3 AR R FFEP M E R AR R
2 1@d oA A s PRI SOp P~ P B AL R F T
Hoxogkig * 5 (Fuel Flexibility) 2 #+~ 7 * ¥ 2 fo 0 ~ 3 <
WM R R PRERLT T ARNEIS] (BLE L
Bo ) 2 WERE S R R VR ERE S TR R TS i
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R E
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ERE S
Fef< 1 Blended coals # & #F{die g2 3#f; o
AL R EP G BBt > T S 2 e
oo Rz RPERF LRGN E A R SR 2 FREFEET R
Pe 4p B A v 6] 4e 2 (Additive property #& Non-additive
property) » #- 5= R FHhpR B 2 &4k -
11 % Doosan Babcock % (G R AL R 2 L A AT RRAR
o U B2 A o] (R RlAcR] )
Additive property :
Hardgrove Index (%% 4~ 17 ®Bl4c-® )
Abrasion Index (%% 4 47 Bl4c® )
Mill Energy Consumption (% % 4 17 Bl4c@® )
Mill Wear Rate (%% ~ 47 Bl4c-® )
Non-additive property
Ash Fusion at Reducing Conditions (% % A +5Bl4-® )

Ash Fusion at Oxidising Conditions (% % A 47 Bl4c® )

FEfe 2038177 BRHEPB e RBETRT o

FRARS R 2N R ELTE - BB e P IR 5
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Exhaust to Atmosphere
Fan

-aff|—, Flow Control Valves

—tt—wtl— Air Inict

Rotameter Hopper

Screw Feeder Controlled by Variable
Speed Gear

Classifier

Cyclene

Bag Filler

Callectars for Mill
Product

Display and Caontrol Panel

200 RPM Geared Torque Speed Power

Electric Motor

Figure 1 : Schematic Diagram of Mitsui Babcock Mini-Mill Test Facility

B 2.1.2-1 JR4Es g g2 Bl RIS 2 )

70 7 R*=1.0
65 1
60 1
55 1

S0

HARDGROVE INDEX

45 1
40 mPLENMELLER:ROSSINGTON
® ENVIROCOAL:ROSSINGTON
35 1 A LA JAGUA:ROSSINGTON
¢ LA JAGUA:PLENMELLER
30 T T T T 1
0 20 40 60 80 100

PERCENTAGE OF FIRST NAMED COAL IN BLEND

B 2.1.2-2 Hardgrove Index vs. I B
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m PLENMELLER:ROSSINGTON
® ENVIROCOAL:ROSSINGTON
A LA JAGUA:ROSSINGTON
¢ LA JAGUA:PLENMELLER

ABRASION INDEX (mgkg™")

] T T T T

0 20 40 60 80 100

PERCENTAGE OF FIRST NAMED COAL IN BLEND

B 2.1.2-3 Abrasion Index vs. JRF= i

B 2.

250

R?=0.95

R’=0.99

m PLENMELLER:ROSSINGTON
50 7 o ENVIROCOAL:ROSSINGTON
4 LA JAGUA:ROSSINGTON
« LA JAGUA:PLENMELLER
0 T T T T 1

0 20 40 60 80 100
PERCENTAGE OF FIRST NAMED COAL IN BLEND

ENERGY CONSUMPTION (Jm-2)

1.2-4 Mill Energy Consumption vs. &3t
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WEAR RATE (mgkg” of coal)

0 20 40 60 80 100
% ROSSINGTON

B 2.1.2-5 Mill Wear Rate vs. 3£t i)

1600 1
1500 e
O R
& 1400 A _'j/ g
w .
x T HT
2 1300 - )
< .
m -
E - /‘A TSU%
= T
~ 1100
——— Tiow
1000
900 Y Y T T 1
0 20 40 60 80 100

% ROUGHCASTLE

Bl 2.1.2-6 Ash Fusion at Reducing Conditions vs. ®4Xit i
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B 2.1.2-7

TEMPERATURE °C

1600

FT
1500 1 HT‘ .
1400 1/DT

1300 A

TSB%
1200 ——————. T
LETS

1000

900 T T T T ]
0 20 40 60 80 100

% ROUGHCASTLE

Ash Fusion at Oxidising Conditions vs.
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2.1.3 160KW -] 3] % gk g # e &2 * 2 11 5

= Doosan Babcock # % #t2. 160KW -] 4] %% 2% % (4-F
2.1.3-1 %777 ) > 223301994 & 1 7 > 2301996 & 12 * > F4% 3
£ ooirigtF £ 0% £358,000 (% * ~#ri : European Coal & Steel
Community £146, 000., 41% ~ Babcock Energy £143, 250., 40% ~ The

Department of Trade and Industry £68, 760., 19%) > &2 B =

Y
F}, .

B Experimental data to validate the mathematical
modelling techniques.
B To validate the techniques used to model the

alr-staged combustion in a commerically available

CFD code.

PaniE {7y Vg2 plEa iT o
H B s BT Rp

M s T Burner A MR G 2 ER052 S ERD D
R kit T 43N (Burner on the
top with a downward fire) o (4r
B 2.1.3-2 #7177 )

B VPR ELSRFERELNR VR TFEBAMNILEE 14 A
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By g3t (4B 2.1.3-3
H1 )

@ﬁﬁm:%qﬁwﬁigﬁﬁgﬁmg,@%@@q%@
FIERE > v mE- LT f R
RECR RIS AR R (4@ 2.1.34
H1T )

BIRRB-HREE D RR Y PR EER 3R 28 Mo RO R 1Y
PR B oS T AT o
(L2 P~ 84c® 2.1.3-5 #7771 ~
KT Btk BEAe @) 2.1, 3-6 AT )

£ (Emission testing section) o (4B 2. 1. 3-7 #1
™)

o) ks o (4-® 2. 1. 3-8 #75F )
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160K /|- 4] %4 % 225 > 2

B 2.1.3-2 %% 8 Burner % %t
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B2.1.3-4 &VF kit
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B 2.1.3-6 kTP g-(Horizontal sampling ports)
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B2.1.3-7 #2xpl:2E (Enission testing section)

B2.1.3-8 4]k %

20



2.2 b AR R * (Infrared Thermography Technology )

B ¢t i 7 DOOSAN BABCOCK 2> # & 3 % & & * ‘= ob & 4 8 ij Bi>t 4h
T oa s BHA LR 2 455 5 7 Detection of air and flue gas
ingress /egress from Dboiler ~ Detection of flow
restrictions/blockages in a variety of systems from boiler tube
to pipework conveying water, steam pulverised fuel ---etc.,
P HET A Bz A kY B B2 3 % L the slagged
detection in the furnace - B # i * 2_ % %L 5 ThermaCAM PM 695,
FLIR systems, 4B 2.2-1 #t7 o

PR E L A T T § S

B 4HYp air/gas iR f Bl —HuoT T R AL
B ot spot iRl - B8 ~ "R A ~ g P E
W Gl ERE - BAA

PR - PRl N RV R RS HIER(-273C) {* F A
F e F & ARP TuE H z\m)j‘l BAp bR B o St BRIE K
%fjﬁiﬁiﬁﬂi@ﬁ;’rﬁ%z\»m oA 2 che R (REFFL0.75 ~
1000um) =3k &% o v F P44 & @ hInfrared ray radiation °

Planck’ s law of Blackbody radiation law

21



BREAEEAHS A2 RHARRALE S ST T

Stefan-Boltzmann law

I(T)=0T"

’?"%‘;ﬁ%ﬁrﬁﬁ&j‘}i“ﬁi fiiipﬁf‘wfﬁ‘fr,ﬁ‘_&? ’ﬁ?fﬁé';é#%gﬁ?
PRI 2 206 % 6% F1 4§ Mo SRS ens fe & F 5t 2 dot8 18 4
U NQR DIEREA LN NP A i S% R fTa MR o
W S e TR
ForE () TLELIEHMEEFER ZMIG L 2L o

j =¢goT*

0 M R A R T b R S e R SR
B F T g L R o

Fo o Pl e 8> mCast Iron s ) -
Cast iron at T=300K
with a rough surface, then €=0.94;

With a polished surface, then &=0.28

R B A
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B 2.2-1 Z=*tsmAthak & ThermaCAM PM 695, FLIR systems
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= N Y 7, .
oo T Z &

2.2.2 N B RE ~ IEA

@ ARG B e BRI BAS T MR
SRR Y F R E 5§ & P4 732 Doosan Babcock

AR A Rdp 0 Ao TR MARE iR Ko T Ao

L MR B gt s 5 deim 2
A NS X - BN o) RO N
B A2 s TR

=1

2. %

R RE D B e A

G

W2 A R AR s SR
.ERIFR Rl E R BE (RS )

[ | ﬁm&&ﬂéﬁﬁ’%ﬁﬁﬂﬂﬁwﬁii
TR R o R ST R R O B A R

2

ofsE oo
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B E RIS F R TR 2 i 5 R R
ARG R BIS2Z PR T A

i+ > #Fu]d _Coal-fired boiler -
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211.2°C
— 200
— 150
— 180
— 140
— 120
— 100
s
e

E 40

- 20
75

Bl 2.2.1-1 : %%]1 Air ingress possible
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100.0°C
— 100
-~ a0

- 60

- 40

- 20

15.0°C

Label WValue

SPI1 M.9°C
SP02 BT B°C
SPO3 207°C
SP04 20.8°C
SPOS 02 7 C

Furnace rear hopper deadspace casing towards A side.

Bl 2.2.1-2: % %] 2 Insulation inconsistencies and possible

areas of air ingress.

28



200.3°C

x.0°C

i

Furnace A side wall above Level 1. Normal hot spots at
buckstay clips - no defects.

B 2.2.1-3: %] 3 Burner section - no defects
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Label Value
AROT - mas 208.7°C

Buckstay above Level 4 furnace front wall, looking from B side
towards centre.

Bl 2.2.1-4: % 5] 4 Hot area indicating probable furnace gas

egress

30



XTI b ]

L o0
L 150
L 100

- &0
43.1°C

Label

Value

[AROT - max

3M1.6°C

Top front long lance sootlower No 66A.

Bl 2.2.1-5: %% 5 Gas leaking out of casing above

31



193.0°C
:— 180
:— 180
:— 140
:— 120

~ 100

Label Value
lAaRDT - max 199 6°C

Burner No 6.

B 2.2.1-6 : %% 6 Hot air leak from the viewing port

32



50.8°C

ILabel Value
ISPD 81.2°C
ISPD2 T4.4°C
ISPD3 T31°C
[£R01T © max 125.9°C

Downcomer No 4 on 2nd from top burner level.

B 2.2.1-7: % & 7 Evidence of heat loss from downcomer

7

insulation defects

33



Label Value
[AR01 : max 174.1°C
[AR02 : max 1684 8°C

Secondary air ducts at rear and below 2nd from top burner
level.

B 2.2.1-8 1 % i
insulation defects

8 Evidence of heat loss from ductwork

34



520.4*C

I~ 400

200

527.8°C

:— 500
:— 400
:— 300
:— 200

- 100

ToA°C

GT Exhaust Duct at South end. Hotspot at East trunnion support.

B 2.2.1-9: % %] 9 Check material spec of bolting is suitable
for high temperatures (>400C)
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Bl 2.2.1-10: % ] 10 Casing leakage : Internal inspection found

corresponding cracking of ductwork
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101.8%C
I~ 100

- 20
184°C

‘

Bl 2.2.1-11 : % %] 11 Blowdown vessel showing water level

37



2.3 7 SR Y TR R

Dantec 2@ 5 - TR GEHUIF TE KRS FR T T H
ﬁﬂﬁﬁ,ﬁwﬁﬁégﬁ%ﬁaﬁ%i&éi~%%%ﬁ%
sstrain~stress £ 445 o B RIZ 5 % F o4k & 4 2 B F R
b5 F B R B AP R % f&+7 CCD 2 i B~k 5388
R FER B FRGAT E o NEE RS T RE o

d3rgetkv 24 - £ ¥ 25 Coherent #i > feé Lk
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Website:” http://www.doosanbabcock.com/live/cme0.htm ”
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