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New features for performance enhancement of 
experimental Model Bubbling Fluidized Bed 

Com bustor 
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Abswact- Fuel fhbility and capacity to burn broad specb-um of fuels at high combustion efficiency with rrinimum emiss ions of 
greenhouse gases a e f e w  of t k  key advantages fluidized bed combustion techmlogy has w e r  other existing combustion technology.This 
report examines the design, development and testing of an experimental model Bubbling fluidized bed combustor. Three unique fea tues  to 
enhance performance of th6 systemw ere suggested andconprehens~ely discussed; inert bed's tenperature regulating unit, an 
integrated unit that enable Fluidizing air pre-heating as well a s  Biomass feeding pipe's cooling and segmentations of the Combustor body 
into modules /partitioning of these mdules  into Iav er and upper section. The results of the test runw ith Palm kernel shell ?nd Coconut 
she1 s h m  that the system performance is erhanced and that the tenperatue is well regulated as o b e ~ v e d  in the thermal distribution. It 
is thereiae proptxed that f ie  present Bubbling fluidized bed combustor could be  bendicial to development of c o m r c i a l  s izes  for paver 
generation in Nigeria and Africa s u b  region. 

Index Termr- Bumling. Fluidized Bed, Biomass, combustion, design analysis, Experkrental model, enhancement, b r f o m n c e ,  
Renew able energy, 

I. lNTRODUCTlON 
Bubbling fluidized bed combustor (BFBC) have different 
components functioning in unison to bum wide variety of 
fuels in an efficient and environmentalIy friendly manner. It 
employed strong stream of fluidizing air with approach 
velocity V, such that V, is greater than the minimum 
_fluidizing velocity Umf and less than the full fluidization 
velocity Urt ; U d O  RTrf .; at this stage the fluidization regime 
is characterized by bubbles fomtion and vigorous mass 
turbulence, the bed particle exhibib property of fluid and 
assumes appeaxance of a boiling liquid; the bed at  this point is 
said to be in Bubbling Fluidized Stage. This fluidization 
characteristics and the selected feed rate are essentially &e 
basic criteria &at determined the dimension of any BPBC and 
capacity of its auxiliary equipment e.g. Blower, the Biomass 
feeder, cyclone separator etc. When Vo<Ud (minimum 
fluidizing velocity) the bed material remain a fixed bed. 
(packed bed), at the other extreme when V&Ut (terminal 
velocity) the bed mobilize and tmnsition to Circulating 
Fluidized Bed (CFBC) occurred see fig 1. 
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flowing through a bed of particles increases, a value is reached 
when the bed fhidizes axti bubbles form as ina boiling liquid. At 
higher velocities the bubbles disappear; and thesolids are rapidly 
blown out cf the bed and must be recycled to  maintains stable 
system. 

Fig.1 A schenlntic drawing &ow$ transifion front p a h i  bed to n'ratlnting 
bed. [25]. 

Fluidized Bed Combustion technology (FBC) has been shown 
to be a vematiIe technology capable of bummg pmctically any 
waste combinations with low emissions ([1],[4]) it has gone 
beyond being a mere idea to a proven technology for efficient 
combustion of difficult to bum w a s h  and biomass. 
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Biomass resources like woods, grasses, plant and animal 
wastes are the leading source of energy generation in Nigeria 
contributing about 37% of energy demand. With annual 
hunover of I&million tonnes/year [3] it is partidarly 
popular among the rural dwellers and smaJlsection of urban 
populace who genemlly employ method of open air burning 
of the biomass, which limit the thermal e£€iciency of the 
combustion to the lowest possible. Apart from firewood which 

. 

utilized, only an insignificant portion of it is used for cookhg 
or domestic processing vast majority of it is left unused in the 
farm creating environmentaI nuisance, since it could not rot 
and is uskless for a@cultural cultivation. It is worthy of note 
that wen the use of EFB and PPF as local broom and domestic 
coolcing fuel is f a t  reducing with modernization, as plastic 
brooms and modem way of cooking is now taking 
predominant share. Considering about 2.5miUion hectares of 
palm trees cuitihted yearly [17], a huge quantity of PKS and 
other palm waste compmenfs which couId otherwise be used 
for energy generation is wasted, a huge loss considering the 
aggregate energy generation possible if such biomass could be 
fired with appropriate tchnology. 

- - - - - nine thermocouples (TI - 'D) ananged 
axially along the combw tor body. 

G Fluidizing air pre-heater/Biomass feeding 
' pipe's cooling atfachment 
Lower section is module l&2 
Upper section is module 3,4& 5 

The potential of agricultuxal waste as fuel for energy 
generation has been investigated by 'many reeirchers. 
srinivaaa @ao et ai [I] investigated the effect of secondary air 
injection an combustion efficiency of sawdust in a BFBC with 

Fig3: Sd?ernaticd-rg of fhe develqtd BFBC. 

an enlarged disengagement section, maximum combustion 
efficiency of 992% efficiency was oberved at  65% excess air. 
SuthumP 141 examined the characteristics of palm waste when 
combusted in BFI3.C with modularly constcucted combustion 
body of diameter 150rnm. The study showed that oil palm 
waste could be burnt successfully in a BFBC, it was discovered 
that the relationship between- excess air and combustion 
efficiency is such that CE incraases with EA; reach a maximum 
value for a particular feed mte, then starts to fall: this was 
explained with the fact that beyond the maximum point b e  

is used for domestic- cooking -other agricultural and 
silvicutural wastg like Cocanut shell, Oil palm solid was&, 
cassava sticks, maize stems etc, are genexally left wasted in the 
farm One of the key agricultural crops in Nigeria is palm tree. 
It is found predominantly in southern Nigea especially in the 
wet rain forests and savannah belt. It also exists in the wet 
parts of North central Nigeria, in areas like Southern Kgduna, 
Kogi, Kwara, Benue, Niger, Plateau, Tamba and Nasarawa 
States as well as the Federal Capital Territory 0 [17]. Solid 
waste h m  palm tree comprises of empty fmit branches (EFB), 
ralmpress fibres (PPF) and palm kernel shell (PKS) this waste 
colIectiveIy account for 48% of the original palm fruit 
branches, PKS abne account for 8% [4]. In Nigeria virtually 
every part of this wonder tree is traditionally useful for one 
thing or the other, however PKS is not been m x h I l y  

EA promotes higher elutriation of unburnt fuels p&ticle. A 
maxitnum CE of 92.47 was achieved at50% excess air. Rosyida 
P et a1121 reported that the use of air staging is beneficial to 
reductim of CO emission when palm waste is combusted in a 
BFBC, a maximum combustion efficiency of 89% was 
achieved for palm fiber. Achieving high CE when biomass is 
used as fuel is not always the norm for instance an 
investigation conducted by [16] achieved less than 32% 
thermal efficiancy in sweml experiments using inclined gmte 
burner to combust PKS. 

The foregoing results confirmed that Biomss could be 
combusred at higher efficiency and with lower emission of 
NOx and CO in BFBC than in conventional combustion 
technology such as grate burner. 

Furthermore it could be seen from the above exalnpIes that 
each literature employed BFBC with different modification for 
instance from the suggestion that increased residence time 
promote volatile combustion, [I] employed a BFBC with an 
enlarged freeboard section to achieve more than 99% CE of 
sawdust. Clearly it could be seen from all the example cited, 
that modificalitions to BFBC were employed to optimize its 
performance; a conJ3mtion that further modificatiuns and 
features may be imperative to making FBC a more efficient 
and more environmentany friendly method for cambusting 
fuels. 
Three performance enhancing feature targeted at addressing 
potential problems of BFBC were examined m this work. 
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2 PERFORMANCE ENHANCING FEATURES A) Experimental model implies immense size is not criticaI, 
The discussed here are added as alternative solution hence to ensure mima1 spending smaller size BFBC and low 
to key issues normally asskiated with BFBC especially when feed rate were considergd. Feed mte fd is selected as 4kg/hr - 
Biomass is used as fuel. Features suggested and examined 6kg/hr for economy reason. 
this work indude the following: 

B) Diameter Q was chosen as 150mm, because the selected 
i. Inert Bed Temperature Regulating Unit In BmC, feed rate requires appropriately small cross sectional diameter, 
temperature is generally m d  deliberately kept below 950oC, furthermore this fd and Q lies within a range that is popular 
the bed temperature being always lower (often 650-800C); this and known 6 have been used successfully m literature 

. is to limit fomtion of atmospheric NOx and to $revent ash [2],[3],[4]. 
fusion a condition that is detrimental to fluidization of inert 
particles. Conventional approach employed water cooled coil C)Height (H): fuels are made up of fixed carbm, moisture, ash 
to limit the bed temperature to acceptable level, water cooled and Volatile matbr; because of the ways volatile burnt, height 
coil immesed in bed apart from being cosfly, impose of BFBC needs to be si@fici%~t Volatileare noI?nally released 
additional technical complication and could potentially affect at the bed and a major proportion of it bums m the &?board, 
fluidization chamcteristic of inert bed; in the prgent work an it therefore follows that to efficiently 'bum fuel such as 
electronic feedback system was employed, it sense the Biomass '@igh volatile matter content) a greater height will be 
wperature of the inert bed and via an electro-mechmechanical needed for higher value of feed rate (fd). Suthum P[4] used 
mechanism, controls the biomass feeder and fluidizmg air BFBC with 150mrn diameter, heighM9m and fd, < 22kg/hr, 
supply as necesary. The lTRU comprises of Temperature therefore the developed BFBC which is designed for a higher 
controller, a type-K thermocouple, and two 4OAmps feed rate should logically have height equal or greater than [4]. 
conhctoxs. The circuit is constructed in such a way that the H was chosenas 2900mmin thecurrentwork. 
biomass feeder motor is de-activated and activa~d as 
necessary to ensure the inert bed temperam is at D)A necessary requirements for BFBC is that the bed must be 
the preset temperature. See fig 6b. secured in bubbling fluidized mode therefore at the selected 

feed rate the velocity Vo of the fluidizing/combustion air 
ii. Fluidizing air pre-heater / Biomass m g  pipds cooling must satisfy the condition; u,cQ afi . 
attachment thjs feature is incorpomted for two purpose; 
firstly to prevent the biomass from burning before entering the QTypical lempexature within BFBC is 800oC to 9500C; BFBC 
fluidized bed and secondly to utilize the heat energy &at must opemte at sufficiently low temperature to inhibit 
would otherwise be wasted and consequently cut down the formation of NO, and to prevent Ash fusion in the inert bed. 
fuel usage per useful energy genexated. This unit is shown as In the developed BFBC an electronic control unit was 
G in fig3. inco~orated to regulate/limit the inert bed temperature to 

desimble value. This is a neater, more precise and l s s  
iii. Modular cons-tia / partitioning of the combustor cumbersome method than the water-cooled metal tube that is 
body: Modukr construction of BFBC body is not a new idea often used. 
[4l, one obvious purpose is to enable ease of installation of the 
equipment In addition to this, modular construction could 
enable ease of varying the height of experimental model 4. DESIGN ANALYSIS 
(when necgsary) by removing or including one or more With fd,, Q, and H established, the dimension of auxiliary 
modules, for experimenfal purposes varying the height might components listed below were evaluated. 
be necessary to undersiand the effect of freeboard height on 
combustion characteristics of fuel being studied. In this work Centrifugal blower 
function of modules was further optimized via partitioning of D ~ S t r h b r  
the combustor body into lower and upper section; module 1 Standpipes/bubble caps specifications and Numbers 
& 2 fixed together form lower section and the remainder Biomass Feeding Unit 
when fully assembled is the upper section. The objective here Cyclone Separator. . 
is to enable observation of the fluidization proces, and even 

- the combustion process at elevated temperature for insiance - 
picture shown as fig9 is only possible because of this new 5. CENTRlFUGAL BLOWER 
feature, also with the partitioning real time measurement of Palm kernel shell PE) and Coconut shdl(a)  are 
biomass feeder discharge via collection of the biomass at the sample fuels for the preent d e i p .  Typical pro-te and 

discharge pomt is now possible. ultimate analysis of PIG and CS, from literature [4knd [5], 
are shown below 

3. BASIS FOR DESIGN OF THE BFBC 
~h~ following wereused as thebasis for estimating the size of Tablel: Proximate analysis (% by mass on dry basis,) 

BFBC. 1 Items I PW4[ I CSPl 
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Blower Airmax =%.988kg/hr. 

These are h e  minimum and maximum theoretical air 
rquireneht, while the minimum is m order, h e  vahe 
obtained for maximum must be increased since it is a known 
fact that saoichiometric air is never sufficient for compIete 
combustion, furthermore to enable comprehensive emission 
and combustion analysis of any given fuel it is appropriate to 
investigate @e &ect of up to 100% excess air (100% EA); this 
implies that our &get maximum air requirement should 
actually be close to 80kg/hr @35kg/hr). 

A single autput Centrifugal Blower (powered by 2850rpm, 3hp, 
3phas electn'c motor and rated maximum oufput 0.69h4m~/s at 
4PC) equipped with 2 indzes Gate vahte@r regulating the &flow- 
rate from0 to maximum was e q l q e d .  

6.69 
9031 
3 .m 

Fixed carbon 
Volatile matter 
Ash 

Minimum and maximum air requirement for 
combustion (using PKS) 

18 56 
7247 . 
1 .M 

Relwant combustion equations m y  be written as; 

Using the above, 02 requirement is calculated as m table 3 

6. DISTRI BUTOR PLATE 
The Distributor plate, act as a support and passage via which 
fluidizing / combustion air enters the inert particles to ensure 
their constant agitation and to prevent formation of zone of 
de-fluidization. The distributor plate is m d e  from stainless 
steel with numbers of bubble-caps arranged in a definite 
geometric pattem. Each bubblecap bears numbers (Nor) of 
orifice of appropriate diameter (do) via which the fluidkmg air 
enters the inert bed. 

Table 3: Oxygen requirement for combustion of I kg of Distributor plate wih bubble caps though complicated and 
PKS more expensive to fabricate has several ad;antag& over other 

designs, such as 

i. It prevent sand from leaking througfi the fluidizing orifices 
and more uniform fluidization is possible. 
ii. The undisturbed layers of sand below the orifices act as heat 
shield, hence insulation for the distributor plate. 

A key objective of fluidized bed combustion of fuel is to 
7. No, AND do ARE ESTIMATED AS FOLLOWS inhibit formation of NOx a major Greenhouse gas(GHG), this ne btal prwure dmp in a Huidized bed is sumwtion of 

is aBieved via limiiing thecombustion tempemture to a lwpl three componenb 
below thrghdd of thermal NOx formation (around 1400Q. 
In BFBC temperature is generally below 950k hence oxygen 
r+d kx c&tim of atmospheric nitrogen m y  be 
justifiably excluded. 

Therefore oxygen requirement (kg) = 1.7342 . 

oxygen needed from the fluidizing ai~17342- 
0.3751=1359l kg, 

Since oxygen account for approximately 23.3% of air, thar air 
requirement for complete combustion of lkg of PKS is 5833kg. 

Using M, minimum and maximum air requirement is 
calculated as below; 

bubble cap 
Blower Airrnin 
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a a)fluidizing air enters the inert bed at473K, 
b) bed temperature during combus tion is 1023K 
C) p =It333 kg/ m3 [I 31, 

Fig3: s&mah'~dnnamgofthedistnbutorpfate hewing theeffective height offfie Nor is calculated as 30&oIe, with d, = 15- 
bed as 1% 

A P  hPdtAIJw+AF'~  8, BIOMASS FEEDER 
Biomass feeding unit essentially complise of the Feed hopper, 

m 5 =  Pressure due to weigfit the packd bed. screw conveyor, and the low speed / hi& torque motor. 

AP,.,= pressure drop from friction at &e waii, is 
compamtively smaller than APS because of the large wall 
surface and the fluidizingair further reduces the frictionat the 8.1 Screw conveyor 
wall For a screw conveyor according to [8] Quantity of ~ t e r i a l  

transportedper hour Q (equivalent to fd) may be written as 
Press- drop due to weight of fluid in bed. As a 

result of =st difference in density, pressure drop due tq the Q = 15.P.n.m.P.WK (6) 
fluid is negligible when compared to the packed bed of sand. 

To achieve the proposed feed rate a s d l  screw is definitely 

From the above and Bernoulli equation, total pressure drop needed, hmce a screw of diameter Dr = 5cm and pit& 

may R written as (p)=Z.Scm was considered. The challenge then remains 
cakulating the appropriate RPM. 

A+ AF'5 = (l-w)hb pg (1) 
From the litemture ([8],[9]$ the following assumptions were 

Where, = is void fraction, typical value for sharp sand is 0.4 made. 

161. 
p0.4, since the material to be transported (PKS and CS) are 

Pressure drop acrms the distributor plate [1],[18] lightand non abmsive. PI 
k=1, skce our conveyor is horizontal, the angle of inclination 
is 00 (8) 

U. exit velocity through the orifice (radial hole) codd be 
and in equatict yields 

evaluated as 

Using Wenand Yu Q966) correlation [6] 

Re, = p,UNdp / pf = 33.7'(1+3.59~10'~r)OI 

(4) 

Where Ar = Archimedes Number 

But fluidizing air flow-ml is constant 
Therefore, 

Substituting fd the desired speed range is obtained as 

Nmin = 3.77 RPM 

Nmax = 5.66 RPM 
An infinitely valiable-speed gear motor with output speed 8- 
38rpm was used, chain drive allowed reductions to the dsired 
speed mnge. 

9.0 GAS CYCLONE 
Gas cyclone is the obvious choice for separating particles from 
BFBC exhaust, because of its effectivenes at extreme 
temperature, simplicity of cunstruction, abence of any 
moving parts[lO] and consequently low mintenance cost 

The characteristics of a suitable gas cyclone for the BFBC were 
evaluated as follows. 

Using equation1 to 5 with the followingassumptions 
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1) Litch Mathematical model based oh turbuleni flow' with Particulate exit, Bc=0375Dc= @Em 
lateral mixing was used for calculation of the collection 
efficiency. Flue gas exit, DE=O.SDc= O.lm 

- 2) Stairmand cyclone configuration was selected for the 
Design (see fig 2). Width of gas inlet, a=025Dc= 0.5m 

3) The particulate loading of the flue gas in g/m3 was t 
determined. Height of the gas inlet, b=05Dc- 0.1~1 

4) Diameter @) of the cylindrical part of the cyclone was 
chosen as 200mm. 

According to Leith and Litrh [11],[l2], Collection efficiency of 
a cyclone may be expressed as; 

Where 

dPmx = Paricle size with collection efficiency equals 50% 

dd =particla sizewid collection efficiency other than 50% 

dPmx is evaluated as 

A is calculated as, 

n (vortex exponent) and k are emprical constdnts, for 
s ta imid codiguration, n=6.4, k 551.3. 

Q is the vohme flow mte, Dc is cyclone cylindlical diameter, 
and p is gas viscosity at temperature in cyclone sepexator. 

Inlet x-sectional dimension is axb - 

With the considerations of stairrnand configumtion other 
physical dime-tsions of the gas cyclone was calculated as 
below [12]. 

A -- 
Dirty gas f . a ~  

Cyclone Height, Hc- 4*Dc =: 0.8m 

- 

Height of cylinder, h ~ 1 5 D ~  

Since Dc -0.2% for stairmand cyclone the following relations 
hold 

Fig 4: S h a t i c  of Staimmd Cyclone 

hc 

Hc 

The opemting conditions of the g s  cyclone were evaluated as 
follows; 

V 

- 

D, 

For maximum feed rate fd=6kg/hr, 180g/hr of Ash will be 
generated with h e  flue gas stream Ry rsk value h a fraction 
of the total ash genemted; typical value is 60-70%.P5]. Fly ash 
is expected to be the major particulate that will be collected at 
the gas cyclone. 

Q (Volume flow rate of the flue gases) = mass flow rate of 
gaseous compt/ density 

But, Mass of flue gas = mass of the gaseous componenb + 
Mass of d e  particulate. 

Mass of flue gas = mass of fluidizing air + mass of fuel 
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done with fibe~glass insulation held m place by 0 5 d '  
Therefore, ma- mass flo-te (M4kgh1-1) =80kg+6kg galvanized steel sheets, the thichm of the insulation is 

70mm taking theuuter'diameter of the combustor to 296m 
It is assumed hat density of flue gas4.746kg/m3 at 2000~ 

The combustor body is designed to be divided into 2 sections. 

Hence Q (VoIume flowrate) =1'16.Wd/hr 

From the above and equation 42); 

p (Air dynamic viscosity at 2OOoC) =2286x10-5 kg/m r/] 

Using the above, dpsm is evaluated. 

Subtftuting all in equation 10, with focus on calcufatlng q(25rm) 

q(?3,,@ =75.4%. 

The Lawer section (module 162) and upper section 
(modul&P&5). Each section is properly ti&tened for rigidity 
and to prevmt leakages. The Top of laver section and bottom 
of upper section has hinges which allows opening of the upper 
section for the purpose of viewing the fluidization of the bed 
at start-up or when need be. A thermocouple placed at the 
entrance to the gas cyclone measured the flue gas temperature 
p9) while on line gas analyzer probe is connect4 to a pqrt on 
the flue gas outIet of the gas cyclone. 

The centrifugtl blower and biomass feeder are pmitioned dn 
the base frame as shown in fig. 5 The base frame is 
comtructed from welded 45mm carbon sfel angle. 

In view of fhb reasonable ef6dencyI and bearing in mind hat  
&her possibie particula- (elutriated bed material, ~mbumt 
fuel particles) are generally larger m size than 2 5 ~  it was 
conduded that, the dimension chosen for the gas cyclne is 
appxupriate. 

So a Stairmend type gas cyclone with Diameter Dc -200mrn 
was employed for the BFBC. 

10. FABRICATION AND ASSEMBLY OF PARTS (a) 
The combustor body is made from 150mmx2900mm type 304 
stainler, steel pipe. The body is m modules;, each modulehas 2 
flangg machined with pmjection that match exactly with 
recess an the adjacent Bange. 

The base module is dosedat one end by means of carbon steel 
plate( rLOOmm x 200mm xl0mm); which is joined to the 
foundatim fiame by 4 mO-6H bolb 

The Distdbuto~ plate is sandwkhed and effectively locked in 
place by the base module and the laver end of the second 
module. The second module dimension (diamete~ WOmm x 
850mm) has opening and attachments for the biomass feeder, 
the propane gas inlet and the top and the bottom ash ports 
and Fluidizing air preheating. It also has 2 ports each for 
thefmocauple and manometer. 

The Third and fourth &d& are exact replica of the second (b) 
however they have' only the thermocouple and manometer 
ports. Fig 5: 

The 5th and the topmat module diameter 1 ~ ~ m m  x l s m m ,  (a)~iehne of B the loraer S&W, fhe b ian~ss ,wer  to the right, 
has me flange and is covered at the other 4. It bears h e  mi ~~~ b~~ to bf % tghf&fnsd to the base~mne, 

for the ke gztf and the a m c h t  via the G~~ (b)shoms a side vim of the BWC, the upper sedion ofthe antbustor wuki be 

cyclone separator is coupled to the Mam body. Lagging if srmatfhebPdr@. 
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The contr01 panel is located orl the operator side of the BFBC 
and it house one microcomputer based digital &perawe 
controller XMF-808 sex+= which sense the temperature via 8 
thermocouples placed on the combustar. A Hartmnn Br 
Bra= AG Tempemhue controller with M o p e  display is 
dedicated to monitoring the mert bed temperature. The H&0 
AG controller with a $brimted electronic feedback system 
(inert bed temperahue regulating unit) ' m u r e  the bed 
temperature c d d  be fixed tu a particular value &~ls 

ebimting needs for cumbexsome water coaling coil. The 
control p a d  abo has 10 nomlly-open push button switch, 
each cmect  a thermocoupIe fo9 zone@ - 9) to the ~~ 
digital TC, upon dosing the current iempexature of each Zone 
could be read. 

11. OPERATION AND TESTlNG OF THE BFBC 
With aJl the auxiliary components properly aMached the 
cen*gal blower I& swi6hed on.-The Gate Valve was 
paduany opened until small occasional bubbling was noticed 
on the surface of the inert bed m a W  (sand particles); thif 
signifies the start of bubblingstage and corresponds to sudden 
but slight dmp in manometer reading. The air flow-mte was 
further mcreased to ensure more turbulence; the propane gas 
valve was gradually opened until the inertbed catches fire 
from a torch. 

At thh point &e upper section is positioned and s&y ~ig.6: ( ~ ~ m q y a f t h e ~ ~ w  bed 
iightened by means of 6 Mlil-6H slainless s t d  bolt (b)Au~ofinskle~fheBFBC,.  

(fjshaus the wnhvl p a d  2 temperahre wntraEkr and 10 
When the H&B AG controller indicated that the temperature nomrally-offp& button (1 ina&e). 
of the b d  had reached 500°C, the Biomass feeder was 
switched on to start the combustion process, and then the 
propang gas was swikhed off. The first &st-nm was done with PKS wifh biomass feeder 
After the startcup, fluidizing air flow rate and the biomss feed N = 1 5 r ~  At this speed the c m m ~ t i o n s  
rate were gradually increased to ensure stable combustion. found to be '4.2kg/hr. Zhe inert bed temperahue was held 

steady at 800oC. 

During the testing of the BFBC, following measuremazt were 
taken 
i. the axial temperature along the combustor wing T p e  K 
thermocouple 
ii, The biomass corrsumption (kg/hr) for each run was 
evaluated from fhe mass of the biomass used and the time it 
takes to consume it 4 test-nin were done. 

(a) Mmsmpy of thesand used 

12. RESULTS AND DlSCUSSlON 
12.1 Fuel tested 
The BFBC was e t e d  with 3kg per batch of 'as received' palm 
kernel shell (PKS) and 3kg of pulverized coconut shell. 'Il~e 
average size of the PKS varied from 4mm-19mm, the 
coconutsheIl varied jn size from 4-16mThe proximate and 
ultimate analyses were stated earlier in page 3. 
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set, freeboard temperature however was noticed to be 
sipifiontly higher with'I9 moving from 3200 C to 422C This 
could be explained by the fact that higher M imp& hi&= 
volatile combustions in the freeboard and cmsequently the 
higher value observed for T4,T5, T6, T7, T8.& '19 !%e fig8. A 
s i a r  resultwas obtained with Cj. It.was also observed &at 
the frequency at which ihe biomass feeder is swiiched-on and 
off by the inert bed temperature regulating unit increased 
markedly with the fd =52kg/hr. 

Analysis of flue 8 s  composition was not done in his 
experiments however the flue gas was observed to be clean 
and trrmsparent in an the tes$ M done. 

I Thmromuple pdnu along lhe BFBC I 
Fig 8: Apld  of t h a l p m f i k  ofPKS in the BFBC atd i j%mtjW mSe. Height 
a h  the distnkdor phte is representd as thennompk Zones; Zone I 
n?pnsents 80mm b e  he distributorplate while Zone 9 is edaust). Unifinnity 
oftmpenatun in i n 2  2 is iniiniinttionof e&cf ivmm of inert bad tmrpemfure 
rcgulnting unit. Ths signjfiDvd thermd djekence obtainel at exhaust (Zone 9)  is 
mi idiationoFiphnvo&tilc mnbustim in thefkboanifirjf = 52wr. 

Fig. 7fa)Ci1wn~tsheU q& 
OPfisampk 

With both fuels, stable combustion was achieved for all the 
test runs and all  the zones show gradual inerease in 
temperature until the inert bed temperature (thermocouple , 
point 2) reached the pre-set tempemture of 8000C. With the 
first acperimental tun (M = 4.8kg/h1), the temperahue was 
fairly constant at 8000C from the base of the inert bed to the 
fourth theanocouple (T4) locrated 1W)m above the 
distributor phte. Further up T5, T6, T7, T8 shows gradual 
decrease in tempemhw and T9 indicated the inlet 
temperature to the p p  cydone as 320.C The thennal p r d e  
see fig.8 shows a gpod agreement with wt is seen in he 
li-hre PIIPLPI. 

12.2 Effect of feed a te  on thermal profile 

For the second run the biomass feedm motor speed was 
inu~ased, combusticm of PKS at this speed for lhr gives a 
feed rate of 5.2kgIhr. The new feed rate as expected had no 
effect on the inert bed temperature, since this was already pre- 

Fig 9: anaerial view ofthe BWCdunng one of the qprimental  nus. Elutmfai 
partides wuld be seen on top of the W g e  of the h e r  section. Inert bai 
~ e m t v e  at this point is BOloC ihus the d mlor of the inert bzf, the dak 
stmigkt line on top of the bed is the thid thermocouple (temp. 627.9. This is 
d e  possible as a d t  ofprticmhg of the awnbusfur body into h e r  sedim 

13. CONCLUSIONS 
The developed BFBC was used successfully fire PKS and 
pulverized CS. Within the limit of the time spent for each 
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experiment no operational problem was observed in the 4'test- [71 Infonrtationon Pagmeta dair at different t e n p a h u e  ard 
rum. The effectiveness of the inert bed temperature regulating P"=== Rehieved . .  17-august 2010,fran 

unit st,rongly indicate that the pmblm of de-fluidizatim ~ & ~ 4 b ~ I b c a 4 c ~ a i r f l b s 0 1 u t e - k i n e m a t i c i c  

resulting from ash fusion in h e  inert-bed could be eliminated 
since the unit accuratdy mainiained the inert bed temperature [8] Calcukitions for s - ~ ~ v ~ Y o ~ s .  Retrieved April 15;1010, 
a t  the pre-set value in all the tests. from www.va~.com 

Fluidizing air *re-heater / Biomass feeding pipe's coaling 
attachment was noted to be e£fective since within the period 
of testing no problem was experienced with f d  feeding in an 
the experiments conducted. 

The unique partitioning of the moduls into lower and upper 
section help optimbed visual obsenmtion of the f luihtion 
and codmtion of the Biomass at elevated bxuperature. 

In Nigeria there is scasity of experience on Bubbhg 
Fluidized bed conbustion of Biomass, hence success with the 
developed BPBC could be applied to building experimental 
models and comrneicial size BFBC for the purpose of 
utilizing h e  abundant biomass resoulces, in Nigeria and its 
environ for decentralized energy generation. 

[q Hemad 2, Mohammad, H.K., Moh-d RA., MaMi Masoceni 
Screw Comteyos Power a d  Throughput Analysis during 
Horizontal IElndling d Paddy Grains. Journal of Agricultural 
Scknce2010. VoL 2, No. 2. 

[lo] Hwksha, A-J.,Derksen, J.J., VanDen Akker, HEA An 
experimentaland rumerkalstudy of turbulent swirling flow in gas 
cyclones. ChemiralEngineerinq: Science a, X65-2065.1999 

[Ill Saneaml.D.AM,AmostiSJr.,~ry, J.8. Perfomme qf 
cylindrical conical cyclatlg withdifFerent geometrical 
configurntiom Brazilian Jouml  of Chdca l~n~ineer ing  UX)l 
Eng. VoLl8 1103. 

[a] Leaming about GsCyclone. Retrieved august E, aDl0, from 
http//aerosol .ees.ufLedu/cydone/ qclonehtml 

[l3] MataialBulkdemity: Retrieved on August 20,2010 from 
www.asiinstrrom/t~al/~eriaCBu~D~ityityChart 

[14] Abuhhr, SS. Stmte@ DevelopmentsIn Renewable Energy In 
ACKNOWLEDGEMENT Nigeria. I n t ~ l a s s o c i a t b n  of energy ecommb. 2009 
Special thank to the Managements of Lifeforce Engineering 
Company Limited far their support and handal assistance. 1151 UbEP-DTIE E q  Bmd-t T-study report on Biomass 

f h d  Fluidized bed combustkm Boiler Technology for 
cogeneration Retrieved on 17September. 2010 from 
httpl/www.unepfr/ energy. 
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