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I.

20 T/hr AFBC Boiler Design

1.

Process Design

Fuel: Anthracite culm of 1500 Ko/ K9 .
Steam generation: 20 Tons/hr @ 13.5 atm. pressure saturated steam
Turn-down recuirement: 3 to 1 in steam production

a.

This type of fuel requires an extremely careful attertion to the
variation of fuel values. Method of storage and particle segre-
gation substantially vary the physical characteristics of fuel
from coarse to fine. The result is wide fluctuation in heating
value at feeding. Imperative is to find representative sampling
of the fuel with minimum and maximum range expected in
heating value. Often substantial error is caused by poor
sampling technique for fuel at storage. In this regard a
sampling probe is recommended, as sketched in Exhibit 1. It
enables one to take samples in depth in a storage pile. It
usually takes care of the errors which are caused by coarse/
fine particle segregation when stockpiled.

Criteria for process variables.

- For this type of fuel a normally claimed 20% excess air has
been found to be deficient. Lack of volatiles contaired in
the fue. makegit harder to burn. 30% excess air is minimum.
It is prudent to uca the above 30% as a basis for process
calculation with a margin for a higher excess air such as
40%.

- Caurbon combustion efficiency for anthracite has been found
to be lower than bituminous coal. 93% carbon combustion
efficiency has been demonstrated. However, other mechan-
ical considerations may limit the figure to 90%, which was
recommended as a design basis. It leaves room for improv-
ing combustion efficiency with optimal design of material
handling system including ash recycling.

- Fluidizing wvelocity is a major factor which affects not only
combustion but erosion potential of the exposed steaming
tubes. In fact many plants throughout the world have teen
experiencing severe erosion in the tubes such that tube
replacement becomes necessary as often as every 3 months,
It is general consensus that, the higher the velocity, the
more severe tube erosion becomes. The Wilkes-Barre AFBC
burning similar fuel at around 6 fps experiences no tube
erosion, whereas two other plants burning softer fuel expe-
riences severe erosion. The plants run at a velocity 20 to
30% higher than the Wilkes-Barre unit. As a result a veloci-
ty of 6 fps is recommended, although a higher velocity is
advantageous in terms reducing the size of the combustor.




When erosion occurs, it is difficult to devise a means to
eliminate the problem.

- Combustor temperature and gas residence time in freeboard
in terms of combustion. Any fossil fuel which is extremely
low in volatiles or has been artificially devolatilized is hard
to burn compared with other fuel. It is especially true for
fuel such as anthracite culm and petroleum coke. Any
unburned carbon leaving a bubbling bed simply would not
burn, unless freeboard is maintained at a sufficiently high
temperature with a reasonable residence time. The tempera-
ture is the carbon ignition temperature, which is generally
considered to be 750°C. Residence time of minimum 2 sec-
onds in freeboard is necessary.

~ Elutriation rate for recycle.

If ash is captured in a convection bunk as well as in a
cyclone and is returned to a fluidized bed, the recycle rate
is considered to be two times the fuel feed rate. If a part
of the capture is bypassed, the recycle rate decreases
accordingly. Ash recycle entails two important meanings;
one is the possibility of reburning unburned carbon and the
other is to control the bubbling bed particles to be fine for
higher heat transfer. With full recycle overall heat transfer
coefficient may increase to 58 Btu/hr ft> °F whereas no
recycle can decrease it down to 45. The difference is
substantial enough to warrant extreme care in providing
adequate heat transfer surface area.

Heat and Material Balance

As a first step to plant design heat and material balance is made.
The result is shown in Exhibit 2 indicating required heat dis-
tributions at full and one third load conditions. Based on design
criteria of 1650°F bed temperature, 58 Btu/hr ft? °F for in-bed
heat transfer coefficient, and a fluidizing velocity of 6 fps, bed
cross-sectional area and in-bed heat transfer surface area has been
calculated for full and one third load conditions. The results are
tabulated in Exhibit 3. One of the major points to be addressed to
is the compartmentalization of windbox for ready turn-down.
Turn-down operation invariably accompanies reduction in fuel feed
rate 2s well as combustion air rate. Cutting air rate down with full
cross-section of the bed still in service can result in unevern air
distribution, which would cause partial defluidization and eventual
clinker formation in a fluidized bed., Compartmentalization reduces
the size of the bed in service. As a result the reduction in com-
bustion air is not translated automatically into a substantially lower
fluidizing velocity. Therefore, defluidization is avoided ensuring
continuous combustion of fuel in active bed.




Feed. System Arrangement

For the size of the combustor, as indicated in Exhibit 3 and in
consideration of turn-down, the most cost effective feed device is
considered to be of screw feeder type. Two feed screws are rec-
ommended with turn-down capability of 6 to 1 for each screw at full
load. The above capability is easy to obtain and is most -widely
used practice for this type of application. It covers a full load
situation, when one feeder becomes disabled or one third load
operation with one screw turned off. Schematics is shown in Ex-
hibit 4 including feed bin arrangement.

One thing that commands importance is the understanding of materi-
al flow characteristics of the fuel. Depending on the shape of feed
bin, material flow can be either mass-flow or funnel flow. Mono
sized material of uniform chemical characterictics can be stored in a
bin of either type. It presents no handling problem. In fact, cost
effectiveness dictates the use of a funnel flow bin. However, in
cases handling the fuel in question, it presents a serious problem.

It has been found that this type of low grade fuel is unique in dis-
tribution of fuel value in terms of size. Coarse particles tend to
contain more of inert material such as silica and alumina with no
heating value. Fine particles usually possess a bulk of usable
heating value. If those two are segregated during handling, what
the combustor may see in feed material would range from one ex-
treme to the other. Bed temperature, as a result, may fluctuate to
such an extent that sustained combustion can become all but impos-
sible. What it indicates is that one cannot afford severe particle
segregation potential which may be caused by poor desigr. ci feed
bins., Caution should be exercised to ensure the feec material is
not to segregate but to remain well mixed as tiiled.

As mentioned earlier, the two different designs implicates how
material would flow. Mass flow is similar to a plug flow, which
flows downward without lateral movement of material. Funnel flow
drains material in the center, creating a funnel like crater, and
afterwards removes material located in the outside perimeter inside
the bin. When material is filled in the bin, fines tend to remain in
the middle and coarses roll down toward the edge. If a funnel flow
occurs, fines would be fed with high heating value. Then coarses
with low heating value. Therefore creating substantial discrepancy
in heat input on a hourly basis. This should be avoided. Mass
flow bin is strongly recommended in order to reduce the possibility
of aforemen“‘ioned discrepancy.

In terms of practical bin capacity a 24 hour storage is often used.
However, it implies a large bin occupying a large space vertically
and horizontally., A 1l6-hour storage can be an alternative. Which-
ever should be used is to be determined after considering site
specific requirements such os available space and the requirements




for structure and other mechanical devices to be in place. It is not
uncommon to provide a 9-hour storage capacity, if so desired.

The feed bin should be equipped with solids level sensors which
indicate bin full, low for refill, and low-low for aatomatic slumping
of the fluidized bed. Recommended type of the sensors is a paddle
wheel type with a cover above it to protect it from damage.

Ash Recycle and System Design

Generally ash recycle is necessary in order to enhance combustion
efficiency and to control bed particle size within a desirable range.
However, it implies addition of imechanical devices or equipment at
cost. Especially design or selection of these devices requires care
mainly because of high temperature associated with recycling of hot
ash. Difficulties encountered with selecting material for high
temperature applications are common. At the same time differences
in material behavior at elevated temperatures often lead one to
improper selection of devices and material. The result could be
maintenance headache at best. Frequent shut-down or abandoning
the existing equipment due to poor performance is ~ften encoun-
tered. Experience clearly indicates desire of less and simpler
devices for ash recycling.

Elutriated ashes frem the combustion of anthracite culm are partly
captured in a convection bank and then in a mechanical collector
before final clean-up in a bag filter. In terms of unburned carbon
it has been found that the convection bank catch contains fairly
coarse particles with relatively small quantity of unburned carbon.
Whereus a bulk of unburned carbon is collected in a cyclone. This
material is worth being recycled for reburning of carbon and for
particle size control in a bubbling bed. Baghouse ash may experi-
ence a higher carbon content but recvcling of the ash has proved
no improvement in combustion or in controlling bed particle size.
The ash is simply too fine and recycled ash immediately entrains the
gas stream and escapes the combustor.

The experience led to a recommendation which stresses recycling of
the cyclone catch only, not the convection bank ash. The con-
vection bank ash is drained out for disposal. The scheme elimi-
nates difficulties associated with recycling of the hot ashes without
compromising the intended carbon combustion.

Recommended design of cyclone is shown in Exhibit 6. Either one
single unit or two parallel units can be used. One unit design
tends to be tall and combustor may have to be raised to match the
elevation. Two-unit design is shorter in height but arrangement
may not be simple and duct work tends to he extensive. In either
case the recycled ash should be directed into "always f{luidized"
section of the combustor.




Due to the pressure difference between backpressure and cyclone,
a positive means for pressure seal is required. A device called
"trickle valve" is simple to fabricate and has been used successfully
in the past. Acceordingly the device is recommended. The sche-
matics showing the devices is described in Exhibit 7.

Others

a.

Fan Design and Selection

In general process calculations yield flow and pressure re-
quirements for both F.D. fan and I.D. fan. Using the results
calculated above would be risky, because estimated values may
not necessarily be accurate. Some safety factors should be
built into the proper selection of the fans. My general experi-
ence has been to add 10% margin for volume flow and 21%
margin {or pressure to determine test block conditions for both
fans.

In addition a performance curve must be obtained from a
supplier in order to determine the fan's performance at
turn-down with control damper included. In general radial
blade fans are used. However, other types may have different
characteristics which can cause difficulties at turn-down. The
difficulties may be insufficient flow at desired pressure level.
Only a fan performance curve indicating position of each
damper opening will provide a satisfactory answer to this
question.

Start-up Procedure

Experience shows that a reasonably sized preheat burner
cannot heat the initial bed hot enough to ignite the subject
fuel. Supplementary fuel is therefcre necessary. The preheat
burner size was estimated to be 5 million Kcal/hr. With the
burner located 0.6 m above the full load bed height and firing
downward into the bed, it may be able to raise the tempera-
ture of initial bed to about 500°C. At this point a small
amount of bituminous coal is fed along with full firing of oil
burner to raise the bed temperature above 760°C. Anthracite
culm feeding commences at this temperature.

As temperature climbs, the preheat burner firing is graduzlly
reduced. When the bed temperature reaches a normal operat-
ing range, the preheat burner should be at minimum firing.
And it is turned off. Bituminous coal feeding is replaced by
anthracite culm and is eventually turned off,




II.

III.

Material Handling at 1 Ton PDU at the Center

KIER built a pilot plant to study fluidized bed combustion of low grade
anthracite at the center. In-bed feeding of the fuel is currently
planned and a pressure seal device has been devised for testing.
Preliminary runs indicated severe degradation of the material fed and
jamming of the screw device.

Review of the current design led to the following recommendations.

1. Screw flignis in the hopper section have a larger conveying capavi-
ty than the downstream side flights. It should be reversed or at
least have the equal capacity for both sides.

2. In terms of force exerted to the material, half pitch screw is supe-
rior to full pitch.

3. Outlet nozzle is too long to effectively discharge conveyed material
and should be cut ofi.

4, Paddles at discharge opening are considered too long. They should
be shortened and screw flights should be extended all the way to
the shortened paddles. This modification in combination with the
suggested change in screw flights should improve the flow of the
material.

5. Also suggested was a sealed discharge screw with an uplift section
coupled with an adjustable weir section as a sealing device.

6. General aspects of pneumatic conveying were discussed. Importance
of phase diagrams for horizontal and vertical conveying were
stressed. A method to construct the diagrams was presented.

Review of Two FBC Units in Operation

The two commercial units are bubbling bed at Dongchang Paper and a
CFB unit at Dongyang Chemical. Both units have experienced some
operational difficulties, Visits were made with the members of KIER at
both plants.

1. Dongchang Paper

a. Sloping constriction plate immediately attracted my attention.
One thing that is paramount to a successful operation is uni-
form air distribution at each level of turn-down operations.
The sloping plate entails unequal nozzle shank length, which
creates unequal pressure loss. It is certain to cause uneven
air distribution, The effect becomes more acute at turn-down
because pressure loss is proportional to the square of air
volume throughput. The resulting sluggishness of the bed can
readily create local hot spots. In absence of turn-down opera-
tion, the adverse effects can be minimized.

-b=




b. The intended paper sludge feeding has not been implemented
due to erroneous information on the amount of sludge. Sug-
gestions wecre made to KIER to study heat balance with the
required amount of sludge and then to explore the possibility
of spreading sludge feed over the active bed area. Dis-
tribution of the feed material is expected to be imperative in
order to avoid local cooling of the bed by water content in the
sludge. In addition a series of screw conveyor for sludge
transfer is a poor design at best. Maintenance can easily
become a headache. Conveyor belt type would be better
suited except for a metering screw.

c. Bottom ash withdrawal and classification system appeared to be
extremely complex with heavy mechanical devices in place. As
experience clearly indicates, material handling should be simple
in order to make it workable. The plant removed a bulk of
devices from the system.

d. Ash transfer system was found to be a series of mechanical
drag conveyor (appeared to be Redler by Stephens-Adamson).
crosion/abrasion of the casing would be evident and frequent
maintenance will become painful. Furthermore, I don't see how
these devices can make pressure seal to avoid any dust blow-
ing back into the system due to a difference in static pres-
sure, especially at discharge of the air preheater and the bag
filter. The system should have been of pneumatic conveying
design. Pneumatic pipes and a mechanical blower for suction
would have been sufficient to handle the ashes discharged from
the bag filter and the air preheater. Ash material from these
units is fine and abrasion, as often concerned with pneumatic
conveying, would not be severe.

Dongyang Chemical

As found at Dongchang Paper, the unit also is equipped with a
sloping constriction plate. For the same reason as described in
item l.a, uneven air distribution should be a problem. Modification
of tuyer orifice size may reduce the problem to a certain degree.
As common in a high velocity CFB unit, tube erosion and refractory
failure at bottom can become serious problems. Especially the
refractory is always subjected to a reducing atmosphere and corro-
sion in that environment will be sever, unless a proper material is
used, The cyclone in this unit has a short vortex finder, which
has proven to exhibit inferior collection capability. The result
would be poor carbon combustion and a lower than expected heat
transfer coefficient. The only way to compensate for the deficiency
is to overdesign the combustor. :




IV. Coal Gasification Project at KIER

The project is currently on a conceptual design stage. KIER is con-
cerned with material feeding into a reducing atmosphere under pressure
and ash withdrawal from the reactor.

1.

The current concept shows an in-bed screw feeding with double
lock hopper for pressure seal. In-bed feeding depends on the
extent of fluidization in the bed. If it is below minimum
fluidization, screw feeding into the bed would be all but impossible.
At the same time, the reactor is under reducing atmosphere and a
part of feed device which comes into contact with the atmosphere
would experience severe corrosion.

Therefore it was recommended that the feeder be moved up to an
over-bed feed position. First it will eliminate the possibility of
feeder jamming which may be caused by forced feeding into a quasi
stationary bed. Also subjected to only a gaseous environment with
light dusting, the screw feeder can be cooled by water cooling of
the shaft and corrosion potential would be reduced. Pneumatic
conveying is another possibility. It can eliminate the mechanical
problems mentioned above., In fact some  of the pilot scale
gasification projects had utilized the pneumatic conveying method.
Since air is not preferred as a conveying medium due to oxygen
content, other inert gases such as carbon dioxide or nitrogen
should be used. Cost factor associated with the prepared inert
gases can be prohibitive.

Ash Discharge from the Reactor

Ash is continuously discharged from the gasifier and enters an FBC
combustor where residual combustibies are burned. The resulting
heat is then fed into the reactor to promote gasification process.
Current concept shows a metal drain pipe leading to a feed hopper
under which a screw transfers the ash to a FBC. lie ash flows
from a low pressure to a high pressure. As a result gas seal as
well as rate control has to be satisfied. The ash is at an elevated
temperature of about 700°C, Handling of hot ashes in a metal pipe
can bring forth temperature related mechanical problems.

First effective seal has to be provided. Plug flow type seal is
possible, provided solids layer is high enough/ A sealed discharge
screw type can be one of the plug flow type devices. However, it
entails the design of screw for high temperature environment.
Mechanical problems can be acute depending on the physical
characteristics of the ashes, A L-valve can be an answer. It is a
simple stand-pipe assisted by an air ejector. Stand-pipe acts as a
seal and the air ejector as a control davice for rate control. A
small scale device is suggested to obtain design data for the
intended ash.




Exhib:it L S’awpl.‘nj Probe_

H m’\d ’Q./

SU ‘Shu#\'/\ — _pcket holdin
\ Thnes pﬁod‘e

70 mn ;/

sus prpe or fube

Snaifer &
Sus pipe o tube




fc:::—.:fi‘::‘::.;.,.h_--_.,.. - - a -
. Goeew fir™

B 4 L v =l el 30 s
IMPUTS fulllond 13 lood
X/o“ X¢ob
Coal Fed Prtontial  fead () 72y Coo3
Cool foed Sensilbie teat
v ¢ble Head™
Aiv fau. Power CSJO) 2,/ 0063
Twput  Totale 1948 Lobb
QuUTPuTS
PD‘CE\,'(‘«."R»O\ «‘eo\}o{ Al Solids élé) /2] 2.0
Sngcble Heat of Ged Drainn #1859 247 2,198
fa«;“lple ﬂe,w{‘of' C(jd,cut Coﬁe,a"icu é’?é —‘-lfl> 2. o.
Sevsible Heatof Baghoude Collecbce (-W%> 2 .
Sensible feak of Stack Dush(Sa ot T 2, s.
He ot wf s { fa;(‘c‘eu trs) _ —0.03 -4.007
()O%Qw'h\d Heﬂl‘c»rr Flue Gag &r D) . A3 2.02 0.007
Gas Sewsible Heat Alter brilade, (P4 Fga) /8 puwb
Lakewt Hea!‘ﬁ{- Corbicstiom 0 shure inm Gas 2.36 2.103
(131 * 98¢ n~"30) % (352 i)
Heak Loties <o Surroumdime » Combas for (rab+513) 098 0.273
¢ Ecomomise (171D 207, 0.0/7
Cj dome (YNEHTOL-2Y 30 s p74
Fle trebester (Sol) o1/ p03b
Hook Bogorbed by tdor/stonm - Tobed M mdated s ¥ 1955
Freeboard (187 A TR
el (L) condin 425~ 1 224
T
Totad Ow{’fuf /7.46 (068
Covabos £ e Gfecd et 1= (b L)/ | 220 0.72f
Q.)é/rai( Eo(% C“-{(Jc{wcg 4 L]+t 2 )/;L_Q 2.130 0. UL




O .

~

U

CSimpent ___W_:%‘?__g—jfz!_ S __F%/Ec.

THNPUTS Cull (oad Y3 loadh
Cood Faed (8D 62¢b (G-
Combushon Al (134+ (50) 2e093 (&3
Totol Impock 41339 1301 %
OQUTPTS

Bed Dravw ((56) L3> 1259
Cycdowe Collectiian o o
C 12 * Ci— Pecfﬂn))

Bq.?kou-Se Collectem C 158D [39.49 (9.8
S hade Dust C159) c. !l 0.0
Flue Gac ¢131) 36924, (2234
Total Oubpak ( 41338 (3515

1 6b%o ""%r @ 700°C-
964 in
2.4 ™a
(F »%/ onea

p— ———




‘ TPATS Lol ooud 75 oo
. X152 X '0?
L coal (109) (7356 a-spe Seod -
= A r rehester (209) l. ’7.30/5" 0.580
< Faw FooJQr-(*‘O) c. 129 "7"’0 £.053
. /
&ty sﬂ(re.CD- » 0. <38 2 .04
3 Qem—brlncn (21 0.9 2. D
6 SowsT¥e fealof (ool (13D s 0.
) Tupdt Total (e 20,40 1 L&/
ouTprxS . 5
, - s A ' - -
T ?&T-?/./JT( a./ Food oz oy 65,’ 27> 2,025 /)90/7
{o ngﬂ,a Hoas -pr ~ e Sog o o003 0./189
Sof (» 2!
W Soug/bie Head ef Flua ~Du b3y 10,433 @qu E2f5
2 Lol Mamrof Lol Dppin [28) 5502 288
,; §M_)C‘Cq:,~, cn ifee © :’E‘\/ ~0.0> 5" - 0.0«.’)7
@ O.,J‘P,J‘ Tote S (2 \ 13123 S K
U.‘r
(< .:Kf«i‘ Oudpud” (3203 3 fuss ’73.:’74! 2008
< Meek locs Lioszeori) (nl 0,528 0.5
i1 I\«w«j Mool . —Pi"%u»C»T.v/- (Dm..‘..) 6’74-0 /724
TREROAFD (e bulsTiin (olfrzfiT uid - ‘:% 25 TIRC CartusTio)

?Zyuj‘ -la_a (Lf7- b_\,.z';g:\/ (< ;;2 4

‘4 DLAPLJ‘ 'o"’tt»i (_U(--* A Ho0l fﬁ%"//
13,123

>0 ‘.mJ Oudpud™ (L12- L19) st 4§

2) Bk Loy (Cep v‘o\wa_) Bkt~ 0 €14

23 Tobed Head Travede /o0 —12)) .#W#Sﬁf

5 53—/

/,/_a,d’:s -0, = _3.\8

/. 578

0.1
vy

1.EQ

[.68

—_—




 Edbit 3 Regdl Heat Transfer Surface

Cbed hrea o &Mas™ 4sTedr

TFull load o o o
__,_R%'.cl,j—led:_}}bsorybh_  gaexeo ke e G4 w10 keslpr

o .Kes'd To-bed H.T Surfece ¥ o mt 34,1 m*

. Bed Hent—-_ . . 2™ La
Spla;k,i’-one _ L 045 WM 0.45 m
wWall Aea. . .. alem"  aoum?t
Splas\\ 2ne . Flmt 7.85 w*
Ta-bed Tibe area w14 tubes) 5.85 m*

Flu:elcbmj \Joﬂodtf ) WP ™/ . M

Re‘s‘o‘,_“ﬁu& _M)Sorphm_, . .92 tlocKaﬂAr l.?z-‘l-uo‘l:o//ﬁ

Re'd Zabes . H. T Surface™" 9% mE 2.7 4 m*
_Bed Heygnt™ ¥+ ... . edm . e wm
splash 2one. .. . o3 wm 0.3 wm
] 4F’(u251:.ilﬂ,\-\j _ ,,Vo,oou't/ o .o ™s (.o ™/s

s%1. Based on. Prcq‘e&eal Area. omd EP ~bo Bty it °F
_The projedded osea s et Frue arex based m  curved
wall aurface_avea , which ts 30 % lager.  Therefre

- S HTC o 367 less caw be #AwKen cavre of |

*a . .,SP(ask g S'(uwf;‘v’lj of Pa'dto\ﬁ bed Lopwere +ho

Cx.cfitu-e bed hezqht.




| n..ﬁo..&uf Zws,ﬂ, ﬁs& k:wé,w?g*\ :ET._U\ woww ' VLSJ#W

t\\%

Xsgpuat

pro-prid

' lglnd.\“o.\ﬁ/;\./x\./g\. o~
w @b. 0




_” _o,
] e
— _nVnwO_
.. ﬁ A.\L. h2,
Toops 91
; u_f.
- _r...A _




- Y

TI exhint 6.

Cyclmé Destam
_ (one. unit of  Two units )

N

Ce —
1
—

[ PIMenseNS in mm-

:{v(abvwm “oed
__._._&-Mcu!_ mxuldhw\

| : n«.047
I one Sngle &/c/me
 Gaa 46,90 ™7, o 37,400 achn
. _elachusd womditzms
D.Men.srar o shown above
2, Two wdeea—
Goe - 33?,-460
pimensims oo ahapn_om- Parevtheas

#'y, o l} 700 ach~ Grthj

A
Rl

a5

(] .-

TITLE

Cedome for ook pegele

.......

.....




-~

Fec Hin g3
S @etler— | [ A
_ ) i T TrekleValve
T | epetbed L
et 03] Y/ vecyle mo
, {—alusrn Fdijed” Jere T
I "F\uitd:f?iub R T g
Wend bex






