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COMBINED CYCLE COAL UTILIZATION FOR POWER AND CHEMICALS 

ExecuQve Summary 

The alm of the project is to combme the efforts of scientists from Israel and Kazakhstan m 

developing and testing some subsystems of a novel cycle of coal utihzation, mostly for energy 

appl~cat~ons 

Expenmental facil~ties for mlld gasificabon of coal, for coal combustion m the conditions 

prevailmg In gas turbmes and for hot ash separation were erected at the Technion They were 

equ~pped with measmng and controllmg instrunentabon At the same time a gas~fication scheme 

was developed and built at the Kazakh Scientific Research Institute of Energetic This facility 

includes subsystems, suffic~ent for long term hot lnvestigation of the mild gasification processes 

and ash separation 

A senes of expenments were performed by a joint Israel-Kazakh team on the facil~t~es erected 

at the Techn~on Th~s  included cold and hot tests of a prototype of the gasificaaon ng The mam 

conclus~ons and recommendations resulting from these expenments were used for improvement 

of the facility erected in Kazakhstan Expenmental lnvestigation of coal combustion and ash 

separation were performed m a model of the gas turbine The coal burnmg process was studled 

theoretically uslng a computer code developed at the Techn~on 

Hot tests of the coal gas~fication and ash separation systems were conducted at the Technion 

and at the Kazakh Inshtute of Energetics and the results d~scussed by the joint team The 

two-chamber gasification reactor concept differs fiom other known mlld gasification systems by 

entailing heat transport to a raw coal powder by means of mlxing a fluidized hot char w~th  the 

raw coal, whlch IS entrained through the fluidizing bed The tests showed that the parameters, 

which most influence the rate of the process are the configuration of the flow channels, the area 

of the powder seals and the supefi~c~al velocity in the flu~dizaaon chamber 
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W d  Gasificahon Tests m Kazakhstan 

An expenmental facility for mild (moderate temperature) gasification of coal was erected in 

Kazakh Institute of Energy It was developed for contmuous operahon at temperatures of 

800"-900°C dunng relatively long penods A direct photograph of the facility is presented in Fig 

1 The components of the two-chamber multisolid reactor, mcluding recirculated fluidized bed 

are presented in Fig 2 

A gasification scheme used in Kazakhstan is based on results of the expenmental research on 

a similar mode1 of the reactor, which was performed in the Technion by the jomt scienbfic team, 

including Dr M Buchman of Kazakh Inst of Energy The main conclusions and 

recommendations resultmg from these expenments were used for lrnprovement of the facility 

The facility includes 1 pymlizer, 2 funnel for coal dust, 3 screw feeder, 4 combustion 

chamber (inner diameter of 164 mm), for providing hot combustion products with temperatures 

of 800"-900°C, 5 Cyclone for ash, 6 ash accumulator, 7 tar condenser, including heat 

exchanger for preheattng circulating gas up to 300"-350°C, 8 tar collector, 9 water installation, 

10 channel for providmg hot pyrolized gas, 11 channel for cold pyrolized gas, 12 channel for 

preheated gas, 13 flowmeters, 14 fan, 15 exhaust 

Results of the tests in Kazakhstan and discussion on continuation of the developmental 

activity in the field were prepared for publication in scientific journals and conferences Future 

research and development work is planned by the joint team 

Sc~enbfic Impact of Collaborabon 

The results confirm the feasibility of the suggested scheme, and indicate a number of changes, 

found to be necessary in the pilot apparatus to improve the heat transfer rate and the separation of 

the products The possibility of sufficient intensification of the heat transport without mixing the 
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gases was indicated The Kazakh scienhsts menhoned that, in general, the developed scheme will 

allow gradual replacement of petroleum by coal as a feedstock for chemicals in addition to its 

role for power generalization It is duected to improvement of the level of ecolopcal and 

energetic uses of the main coal resources in Kazakhstan 

Ma~n research objectives as well as methods and results are published m scientific conferences 

and journals 

Followng secbon represents the papers prepared for publication 

Pubhcabons 

1 Y Goldman, A Shavlt, Y Dayan "Transfer Process in Mult~solid Two-Chamber 

Recirculated Reactor", ASME paper, HTD - Vol 352 Proceedings of the Heat Transfer 

Division, Vol 2, pp 231-237 Presented at 1997 ASME International Mechanical Eng 

Congress, Dallas, Nov 16-21, 1997 

2 M Buchman, Y Goldman "Development and Study of Mild Coal Gasification 

Demonstration Plant", 1 3 ~ ~  Annual Symposium of the Israeli Section of the Combustion 

Institute, Dec 1997 Book of Abstracts, P-24 1-3 

3 Y Behlovsky, Y Goldman and A Povitsky "Mult~cyclone Fire Gas Pre-Cleaning ~n 

Coal-Fuelmg Gas Turbine", 13' Annual Symposium of the Israeh Section of the Combustion 

Institute, Dec 1997 Book of Abstracts, P-23 1 

4 Y Belilovsky and Y Goldman "Interact~on Between Strong Aerosol Jet and Turbine Blade 

Surfaces", Eleventh Annual Meehng of LAAR Israel1 Association for Aerosol Research, 

Abstracts of Lectures Eds M Shapiro and H Wiberger, Dec 29, 1997, Faculty of 

Mechanical Engineermg, Technion-Israel Institute of Technology, Haifa 

Additional information which was not included m the publications, is presented in the section 

Mild Gasification Tests in Kazakhstan 







TRANSFER PROCESS IN MULTlSOLlD 
TWO-CHAMBER RECIRCULATED REACTOR 

Y Goldman A Shav~t, Y Dayan 
Techmon - I I T , Ha~fa 32000, Israel 

ABSTRACT 
Prepcrol\sls of coal as a precursor to ~ t s  utilization in a 

power plant or gas turblne is experimentally rnvestlgated The 
pvro13zer 800 mm in dlameter and 1500 mm m helght, consists 
of two concentric chambers Coarse char particles, used llhe 
Inert medium ('sand' m the sequel) The char 1s heated m the 
outer chamber b\ an external source of heat, such as hot gases 
The Inner chamber IS used for the pvrolvsis process of fine coal 
po\\der (50 mlcron), that is fed into lt The heat requlred for the 
endothermic pvrolcsrs process IS supplied bv the circulat~ng 
char Cold tests conducted on the apparatus Indicate that the 
parameters most influencing soltd circulation between the 
chambers are the aerosol nature of the flow, the sand seals 
area and the superfic~al velocity The tests show that the 
intensive recirculation process exists only under very lim~ted 
range of flow conditions Outs~de this range of conditions, sand 
'brldges are formed at the seals preventing proper operation 

These brldges can be destroyed by strong fluldizatlon at the 
inner chamber wall Results of cold and hot tests, including 
parametric study of the pyrolzer performance will be 
presented The feasibllitv of the suggested scheme for mild 
gaslficat~on of a precursor to its combustlon in a power plant 
will be discussed 

INTRODUCTION 
It IS common practlce to bum raw coal ln power plants 

without distinguishing between the char and the volatlles The 
volatiles may however, be used to produce liquids that are ' much more valuable per unlt of heat value than the coaI from 
wh~ch they are made The amount and qualitv of the liquids as 
a source for chemical raw material or as fuels and the 

combustib~llty of the char are Important factors m such a 
scheme 

The purpose of the research 1s to study the feasibiliry of 
incorporatrng liqu~d chemical production by low temperature 
pre-pyrolysis of the coal in a fluidized or entrained bed wlth a 
coal burning power plant Llquid matter at rates of about 10%- 
20% of the coal consumption can be eas~ly produced by means 
of low temperature pyrolys~s The partially devolat~zed char, 
which is d~scharged at a relatively high temperature, can then 
be burned In a boiler or any suitable combustor 

The present research is directed to development of a cost 
effective process that can be used to part~ally produce 011 from 
the coal before it is burned in a power plant 

A wide variety of reactors wlth temperatures ranglng from 
1100 C to 500 C have been employed to carbonize coals These 
include fixed bed, moving bed, fluidized bed and entrained bed 
processes A report summarizing the published results (Wotten 
et a1 , DOE Report, 1988), contains three sign~ficantly different 
concepts of the systems for low temperature pre-pyrolysis 
They entail heat transport to the solld matter by a) Inner 
combustlon of part of the coal, b) retorting the moving solld 
and c) mixing a hot char with the raw coal 

Tne alms of the present phase of the research are to 
complete and expand the early results of experiments conducted 
at the Techn~on (Dayan et a l ,  1993) and to explore the 
posslb~lit~es of uslng a new mult~solid f lu~d~zed  bed scheme 
with a two-chamber recirculated reactor 

A reactor in which one chamber provldes the heat by 
combustion of char and the second produces the desired effect 
(pyrolysis, gasification etc ) is found to be the most suitable for 
carrying out such processes One form of a two-chamber 
reactor was used in the Hebrew University, Jerusalem, where 



the goal was ach~evlng h ~ g h  combust~on temperatures of 011 
4 shales wlthout calc~nat~on Another form of a two-chamber 

reactor was proposed In South Afilca by Judd (1986, 1992) for 
gaslficat~on of coal In comblnat~on w ~ t h  power generation 

Early experlments by Judd w ~ t h  a slm~lar apparatus show that 
h ~ g h  rate of the solid phase clrculat~on may be ach~eved 
effectively transmltlng the heat w ~ t h  a small difference In 
temperature, wh~le  malntalning good separation of the gases 

RESEARCH RESULTS AND DISCUSSION 
The detalled goals of the research are a) determlnat~on of 

the effect of prepyrolys~s cond~t~ons on the quantlty and quality 
of the 11qu1d and gaseous fuel y~elds, b) determlnat~on of flow 
and heat transfer character~st~cs In the reactor 

The exper~mental system (Fig 1) includes a 800 mm 
dlameter pyrolyzer of 1500 mm he~ght It IS des~gned for about 
100 k g h  raw coal pvrolyzat~on and provided w ~ t h  a combustor 
for hot tests Supplying svstems include two alr fans and a coal 
feeder Pyrolyzed coal capturing and an exhaust gas clean~ng 
system IS based on a bag filtering method Pressure velocity, 

Oaoes are solld phase reclrculat~on rate air and gas flow rate , , 
Included m the measurement system A separate exper~mental 
ng  was used for determlnatlon of the gas flow resistance \slues 
w~thln a compact bed of the coarse char (sand) These data are 
Important for future design of the double chamber coal 
gasification apparatus part~cularly for ~ t s  sand seal systems 

The reactor scheme is shown In F I ~  2 It has a cyllndrlcal 
configuratlon dlvlded Into an Inner (right) and an outer (left) 
chamber 

The rlght chamber produces syngas and char as a result of 
pyrolys~s of the fine coal The process which takes place In a 
fluidized bed, IS suppl~ed nith reclrculated syngas from the 
bottom and w ~ t h  circulated hot coarse char fiom the side The 
raw fine coal powder IS prov~ded to the bed by a feedlng 
system 

The left chamber served as a heater for the coarse char A 
heat source (combust~on products) enters the chamber at the 
bottom and leaves at the upper outlet The process takes place 
m a packed (movmg) bed, that creates a counter-current 
movement for the so l~d  and gas phase 

The first serles of experlments were performed on the 
pyrolyzer model to determine ~ t s  flow charactenstlcs The gas 
phase was s~mulated by cold alr from the fans The Influence of 
the bottom pressure (measured at the lowest polnts of the 
chambers) on the penetratlng alr flow rate IS presented In Fig 3 
It was studled m the flow range, where no fluidlzat~on exists 
w~thin the sect~on of the reclrculatlng bed of the coarse char at 
the outer chamber The pressure rlse at the bottom of the 
apparatus resulted In a relatlvely fast alr flow rate Increase for 
pressure up to - 160 mm w g and in a slowlng of the flow 
Increase for the h~gher  bottom pressure In the recirculatlng bed 
This behav~or 1s explalned by a speclfic configuratlon of the 
bed Its conlcal shape at the bottom represents the main 

restrlctlon for the flow unt~l local flu~dlzat~on In t h ~ s  reglon 
beglns 

The same pressure rlse resulted m transferring the reglme 
w~thln the lnner chamber fiom a compact bed to a flu~dlzlng 
bed The flu~dlzat~on starts at about a pressure of 160 mm w g , 
whlch corresponds to the superficlal alr veloc~ty of 10 cmlsec 
Intensive flu~dzat~on w ~ t h  strong bubbllng beglns at h~gher 
superficlal veloc~t~es and IS character~zed by the appearance of 
two zones m the f lu~d~zed bed A lower zone of about 300 mm 
height above a flow dlstrrbutlng grate w ~ t h  a dense flu~dlzlng 
matter, and a "splash" zone of about 500 mm (total 1s 800 mm) 
helght w ~ t h  the matter spouting upwards The pressure profile 
drops abruptly across the dense part of the bed and slowly 
across the splash zone 

It was found that the lntenslty of the process In the splash 
zone strongly Influences a mass transfer from the inner to the 
outer chamber of the pyrolyzer The mass transfer process 
represents a Iinh of the loop In successive processes of the 
coarse coal clrculat~on It Includes upper sand seal penetration 
donnward movement of the bed m the outer chamber and 
bottom sand seal transport back to the inner chamber A 
parametric study of the flow and the heat transfer processes \{as 
accomplished t h ~ s  ear 

A packed coal bed reslstance to a penetratlng air flow is 
presented in Fig 4a It lndlcates a h e a r  n p e  dependence 
bemeen the pressure gradlent dpdu, and the superfic~al 
velocitv Suffic~ent difference was found between the reslstance 
to upnard and downward flow The last is about 2 6 tlmes 
h~gher for the same flow rate, compared to upivard alr 
movement This phenomenon 1s explalned by the niult~sol~d 
nature of the char and creatlon of some local f lu~d~zat~on of a 
fine component of the coal located m cavltles behteen the 
coarse coal partlcles In our case the coal consisted of 18% of 
partlcles less than 0 5 mm d~ameter (82% betueen 0 5 and 1 5 
mm) Bv removmg the fine matter ~t was posstble to obtaln a 
narrow size part~cles bed u ~ t h  the same reslstance to downward 
and upward flows, as m curve 1 of the graph (Fig 4a) The 
results were used for lmprovlng the sand seals configuratlon 
see Frg 4b, and chooslng a preferable gas flow d~rect~on there 

The Influence of the bottom seal cross-sectlon area and the 
superticla1 veloclty on the rate of the coarse char reclrculat~on u 
shown In F ~ g s  5 and 6 The results show a relatlvely l ~ m ~ t e d  
range of fast recirculat~on condlt~ons It corresponds to the seal- 
to-bed cross-sectlon area ratlo larger than 4, and to the 
superfic~al veloclty between 30 cmlsec and 50 cmlsec A reason 
for t h ~ s  IS format~on of the char (sand) bridges at the seal and 
the~r  destruct~on by lntenslve f lu~d~za t~on  of the char at the 
Inner chamber wall 

The degree of br~dglng or archlng m the bulk matter of the 
outer chamber decreases wlth Increased gas flow This can 
result In rearranging of the partlcles, when they become very 
loose, but yet are fixed In the bed In thls condrtlon the 
reclrculat~on process a very mntenave, and it takes place In the 



dense configuration at the outer and the fluidued bed at the 
inner chamber 

I The hot tests were performed to determlne the heat transfer 
charactemtics of the pyrolyzer A l~quid spray combustor 
attached to the outer chamber was used as a heat source for the 
process It comprised a pressurized spray nozzle, that provided 

A the pulvenzed fuel for a secondary air flow The formed fuel air 
mixture entered a sudden expansion profile at the inlet to the 
hot burning tunnel with a gas ignition pilot burner located at the 
tunnel outlet A sufficient part of the an  was used for coolmg 
the tunnel wall and was mixed with the combustion products at 
the tunnel outlet This allowed control of the heatmg agent 
temperature below the limit preventmng undesirable char 
reduction reactions within the movmg bed of the heating 
chamber 

Results of the hot runs are presented 1n Fig 7 The heatlng 
agent temperature T,, was changed fiom 200" to 800' by 
changlng the fuel consumption with the same amount of 
primary and secondarv air It resulted in gradual increase of the 
temperature in both working chambers The fluidized bed 
temperature followed by the increase of moving bed 
temperature at the heating chamber with a difference Increasing 
proportionallq to the heating agent temperature 

It was found, that heat transfer between the chambers was 
very intenslve The main reason for this is a large overall 

t contact surface between the solid and gas phase in the reactor 
and fast recirculating of the coarse char The heat transfer per 
unit of the reactor separating wall between the two chambers 

8 reached 40x 10' kcal/m2 hr This 1s several times higher than can 
be transported by conventional retorting (Zenz and Othmer 
1960) 

Gas mlxing between the chambers depends on the sand seals 
area and the pressure difference By keeplng the last parameter 
to about 5 mm w g it was possible to restrict the leakage to less 
than 3% of the total gas flow in the fluldlzed bed 

CONCLUSIONS 
The two-chamber reactor concept differs from other known 

mild gasificat~on systems by entailing heat transport to a raw 
coal powder by means of mlxing a fluid~zed hot char with the 
raw coal, which IS entrained through the fluidizing bed 

The results confirmed the feasib~litv of the suggested 
scheme, and indicated a number of changes which were found 
to be necessary in the pilot apparatus, especially in the coarse 
coal powder rectrculat~on system to improve the heat transfer 
rate and the separation of the gases 

The cold tests showed that the parameters wh~ch most 

The hot tests indicate the possibil~ty of sufficient 
intensificacatlon of the heat transport without significant mlxmg 
between two gases 
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Deveiopmeni and StiidSFefM~ld Coal Gas~ficahon Demonstration Plant 

M Buchman 
Kazakh InsQtute of Energy, Almah 480012, Kazkhstan 

and 

Y Goldrnan 
Faculty of Aerospace Engineering 

Technron - Israel Institute of Technology, Harfa 32000, Israel 

Abstract 

The project objechves are to develop and to test some subsystems of a novel cycle of 

coal uullza~on, mostly for energy applications 

Expenmental facrllhes for m ld  gasificabon of coal and for coal combustion under 

condltlons pre'varhng in gas turblnes and for hot ash separatron, were erected at the 

Techruon A senes of cold and hot t e s l  were performed in the facllitres and the results 

2 1 1 1  be reported at the meeting 

A gasification scheme was developed and built at the Kazakh Scientific Research 

Institute of Energetics J k s  facility includes subsystems, sfliclent for long term hot 

mnvestigatlons of the rnxld gasificabon processes and ash separatron (see Fig 1) The umt 

compses  a pyrolyzer (I), a combustron chamber for producrng the heatrng gas (3, a coal 

dust supply rrg (3), a gas clemng device (4), and a system for 011 condensat,on and 

crrculating the preheating gas (5) The pyrolyzer w based on an innovative scheme of a 

multisolid double-chamber recrrculzted reacior wlth an intemedrate heat carrier It 

~ncludes an Inner fluidlzauon chamber of 450 mm drarneter, which IS arranged in an outer 

chamber of 80 mm &ameter, filled wrth a coarse powder of sand or char wth a partrcle 

size of about 1 5 mrn The sand IS heated in the outer chamber by an external source of 

k e ~ t ,  S L C ~  as ho: gases The mner chamber is used for the pyrolysis process of fine coal 

dust, that IS fed into it The heat requred here for the endothermic pyrolysrs is supplred 

from the outer chamber by the c~rculated sand 

The raw coal dust supply ng comprises a screw feeder and a coal storage t a d  As a 

heat generator for the process, r t  is used as a combinatron of a combustron chamber a 

mrxer, a fuel source lrne and an au blower 



The gas cleaning 1s performed in two hot cyclones and the or1 condensation takes 

place In a pipe type heat exchanger provlded wlth a gas reclrculatron blower and a llquld 

tar collector 

The first serles of experiinents were performed on the pyrolyzer model erected at the 

Techmon, to determine its flow charactenst~cs Thls gas phase was simulated by cold alr 

from the f z s  The fluidlzatlon starts at about a pressurz of 160 mrn w g ,  whch 

corresponds t the superficial air veloaty of 10 cdsec  Intenswe fluldlzatlon beglns at 

hgher s~pe r f i cd  kelocmes md d 1s chamcter~zed by the appearance of two zones m the 

flwdlzed bed A lower zone of about 300 mm height above a flow distrlbut~ng grate with 

a dense fltudiz~ng matter, and a "splash" zone of about 500 mrn height wth the matter 

spoutmg up The pressure profile drops abruptly across the dense part of the bed and 

slowly across the splash zone 

It was found that the intensity of the process in the splash zone strongly influences a 

mass transfer from the inner to the outer chamber of the pyrolyze The mass transfer 

process represents a link of the loop in successive processes of the coarse coal crrculatlon 

It includes an upper sand seal penetration, a downward movement of the bed in the outer 

chamber and a bottom sand seal transport back to the inner chamber 
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Results of the hot runs are presented in Fig 2 The heating agent temperature, T was 

changed from 200" to 800" by change of the fuel consumptlo~, with the same m o m t  of 

the prlmary and seconday alr T h ~ s  resulted In a gradual increase of the tempeTattre In 

both working chambers The fluldlzed bea temperature IS lower tf.w the rnob~sg bec 

temperature in the outer chamber, and the difference mcreasmg proport~orldlj to the 

heatmg agent temperature 

A parametr~c study of the demonstration plant m K&s+an is planned for the first 

part of 1998 
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Multicyclone Fire Gas Pre-Cleanlng in Coal-Fueling Gas Turbine 

Y Belilovsky, Y Goldman and A Pov~tsky 
Faculty of Aerospace Engmeenng 

Techon- Israel Institute of Technology 
Haifa 32000, Israel 

The mult~cyclone technology directed to applyng the deuce to a power cycle 
including a coal-heled gas turbine The coal-ash aerosol deposit~on u the m n  
difficultj in such novel types of the plants Two speclfic problems w~th  a suggested 
power cycle led to development of a new rnulticyclone design The first 1s overheating 
of the flow-msting vanes of convent~onal multicyclones located in the central part of 
the hlgh temperature aerosol stream, the second is the need for additiond cooling iur 
to reduce the aerosol temperature below the stlclung ash format~on point The 
suggested concept is aerodynmc twisting acheved by means of cooling a~ jets, 
dispens~ng wth  the vanes Each cyclone of the dewce represents a straght channel 
w t h  tangentla1 alr Inlets on ~ t s  side walls 

The multlcyclone assembly was tested In this work Expenmental facility conpnses a 
combustor an aerosol channel, a tested multicyclone assembly and an experimental 
turb~ne spool The multlcyclone stage includes 32 axla1 cyclones, which are made of a 
nickel based heat resistant metal They are mounted on an air cooling metal box wrth 
twlsting nozzles on the front wall The twstlng alr nozzles are used to cool the exlting 
alr and are directed tangent~ally to the fbmel walls The aerosol inlet hnnels are 
formed by ceramlc cast concrete, whch coats the fkont wall and prevents overheatmg 
\leasurements of the mult~cyclone performance ~nclude aerosol flow rate, particulate 
iiiarter concentraven, tlvrstlng ar consurnptlnwavenglng percentas: and the cleaned 
aerosol comDoslt~on and the flow rate 

Results of tne measurements indicated that tile multlcyclone eEciency increased with 
tbe Lse of a coarser aerosol For average slze part~cles of 150 mlcrons measured 
eEc~ency IS about two-three times hgher than for particles less than 50 mcrons The 
most important parameter of the multlcyclone performance is the scavenglng 
percentage It is shown that Increase of the scavenglng rate from 2 i'04 to 22'b results 
in a sigmficant increase of the incremental efficiency Appl~cation of both parzmeters- 
the scavenglng rate and the partlcle slze- can prov~de the seoaration efiiciency 
asyrrptot~cdly approachng 100% 
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4 1 Interact~on Between Strong Aerosol Jet and Turbine Blade 
Surfaces 

Y BeI~lovsky and Y Goldman 
Faculty of Aerospace Engrneering 

Technron-Israel Instrtute of Technology, Harfa 32000 

The appl~cab~l~ty of protectlve coatings IS related to very hrgh energy densrty 
systems operating at hrgh velocitles and temperatures These result rn small 
volumes relatrve to the total energy flux These self-renewrng layers are 
effective as eroslon barriers and thermal insulators and allow development of 
attractwe energy technologies In novel engrneerlng regimes For a gas turbrne 
with controlled thermoprotective coatings, the processes of fine part~cle 
deposrtron wrth heat and mass transfer are part of the main operating 
conditions Hence, understanding and mathematical descr~ptron of these 
processes are necessary 

Our experimental facility contarns a combustor where gas, dresel 
%el and pulverized coal can be burnt Equrpped wlth air and fuel-supply 
lines A gas turbine unlt conslsts of one-stage gas turbine and air compressor 
arranged on the same shaft Out door located subsystems are addrtive supply, 
he1 and alr supply, stack and control panel A llqurd addrtrve mixed with 
kerosene was injected Into combustion products' stream in the axial zone of 
the gas turbine inlet duct The addltive was fed through a small nozzle 0 8 
mm rn diameter It was atomized wrthin hot combustion products' stream, the 
kerosene component burnt out, addrtive droplets dried and turned to solrd 
submrcron particles of 0 2-0 3 pm m srze Coarse ash, soot and unburned coal 
partrcles were obtarned when burning pulverized coaI In the gas turbine 
combustor Their major part was extracted from the gas products by external 
cyclone with about 70% efficiency The rest of the partrcles were carried out 
of the combustor by the gas stream Into the gas turbine rnlet The dominant 
coarse part~cle slze (about 90%) was 20-30 pm 

Two kinds of tests were carried out m our work (a) wrth l~qurd 
diesel fuel burnt m the combustor, (b) wrth pulverrzed coal High 
concentrat~on of the submicron partlcles in gas flow wrthout coarse particles 
content produced a thick snow-like unadhered deposit on the blades' surface 
Comparatively moderate concentratlons of the submicron particles in the gas 
flow w~thout coarse particles, lead to a thinner layer with higher adhesive 
characterlst~cs The same wlth moderate concentrations of the coarse partlcles 
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result In thln two-ply coating w ~ t h  high adhesive characteristics of the Inner 
sublayer 
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