GAS TURBINE COMBUSTION




Scheme of gasturbine
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Principle of GT operation

Kinetic energy of flowing flue gas is convertedarthe turbine
rotor, which shaft has a compressor supplying tmhuistor with
air.
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Gasturbines

Rotor of turbine and air compressor on a commontshaf




Typesof GT combustors

There are two basic types of combustors:
» annular

> tubular.




ANNULAR COMBUSTION
CHAMBERS




Annular chambers

|

Gas turbines may have from |
to 16 annular combustion
chambers mounted
concentrically. Each of
combustor has his fuel supply
and injection system.

There are three systems of

y
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annular combustors:
Individual, sectional,
annular.

Types of combustors: 4
individual, 2— sectional, 3-
annular.




Exampleof GT with annular combustors
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Scheme of GT with annular
combustors

Temperature at the inlet of GT 1500 C

No. of combustors 16




Annular combustion chambersof GT

Hybrid-Burner Ring (HBR")




In GT

hambers

10N C

Annular combust

The 3A Gas Turbine Family

from Siemens
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Scheme of GT combustion chamber
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Furnace tubes (flame tubes)

Flame tube




Sequential combustion system of GT26
(ABB)
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TG with tubular combustor

Turbina gazowa GT8C

1 — palniki, 2 — silos, 3 — wirnik turbiny, 4, 8 — lozyska, 5 —
dyfuzor, 6 — zawor, 7 — sprezarka, 9 — wirnik sprezarki, 10 -

wal




Parallel-flow
tubular
combustor




Tubular combustion chambef

Oposite-flow
tubular combustor




Jacket
Air channel

Furnace tube

Burners

Detalls of tubular combustor
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¥ Premixing
4 (Gas-Combustion air)

ir‘lject]on

Burner —
exit plane , W Flame front

Vortex breakdown

~ Swirler

Fig. 5: GT8C Dry low NO, EV-Burner; cross section and function
principle

Single EV
burner (ABB)




Scheme of EV burner (ABB
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EV burner (ABB)




ORGANIZATION OF
COMBUSTION PROCESSIN TG




Flame stabilization in GT




Combustion of lean fuels with

preliminarx evaporation and mixing - LPP
ean, premixed, prevaporised)

a) The principle is complete evaporation of fuel and
mixing with air, because of:

» avoid of droplets,

» Temperature of lean mixture flame is low.




Flame-holder operation
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Principle of stabilization with flame-holder




Influence of flameholder size on the lower
limit of stability for different fuels
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Influence of particle size on the lower
limit of stability for different fuels
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Counter-flow stabilisation effect

Opposing jet fluid
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FIG. 6.34 Schematic diagram of opposing-jet flameholder [57].

Recirculation induced stopping of flow




Organisation of the 1-st zone of

combustion
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Fuel staging — design example

Komora wstepna
Zawirowywacze

Doprowadzenie paliwa Komora gléwna

Rys. 15. Schemat komory spalania typu VORBIX [13]




COOLING OF FLAME TUBE




Methods of cooling of flame tube

A) Warstwowe

- polega na przenikaniu powietrza na strowewrctrzng
ptomienicy przez rgd otworkdw o maitejsrednicy. Strugi
powietrza tworz kurtyne oddzielagca wewnrctrzng strorg
ptomienicy od gatcych spalin.

B) Konwekcyjno-warstwowe

- polega na przedagniu kanalikow doprowadzgych powietrze
do wrgtrza ptomienicy. Dzki temu poprawia siefektywnag¢
chtodzenia ptomienicy, ale zgkisza st je| ciczar.

C) Transpiracyjne (z porowsgafciam)

- polega na przenikaniu powietrza przez porewdtiare
ptomienicy I tworac kurtyre powietrzna od gacych spalin.




Cooling of flame tube
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Rys. 11.41. Techniki chiodzenia rury zarowej [2]






Conventional and catalytic GT

a) Paliwo Komora spalania 1800 °C

1800 °C | 1300 °C
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Catalytic combustion chamber
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Parts of catalytic combustion chamber
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Combined cycle power plant
Gasturbine combined cycle CTCC

/’L\
E . Do KO 2
e
—
el
—

- =




SCH
Catalyst

Toaclyices miwas
caticles in Mg s

L))
Cnidsd

g bpoes o
monosid n e

Kilencer

AMETALATES foutbl

| el tea e

| grwemimeine sl
| sl pepirsarme
1

‘i.-ii-_l'IE-iinllé_r:!!'.lll
2 MAES T el

Heat recovery
steam
generator

fntezgral
Dpersing

s, iy

e pisramune - heat in

deperite frochamter

e kmprowed

| thermnl =fficiery

P sumple

ey Fidng of

i sire Eximir m
i inrremse vindived
Talve

SN PealLeciiom

Fledubies steim
sl iy
lvyrpass sysbers




Heat recovery steam generator




Scheme of channel burner
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FIGURE 18.8 Linear burner elements.




Channel burner operation

FIGURE 18.9 Gas flame from a grid burner.




Channel burners for HRSG’s

GT 100 MW

FUEL HEAT O, NOx co

GAS RELEASE PPM PPM PPM
Natural Unfired 15.4 49 7.0
Natural 425 mmBtw/hr 13.1 23 5.0
Refinery Unfired 15.3 47 7T
Refinery 425 mmBtw/hr 13.1 52 4.5



GAS TURBINE FUELS
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GT fuels — general requirements

. Low cost and easy excess.

. Low risk of fire.

. High HCV.

. High thermal stabillity..

. Low pressure of evaporation.

. High specific heat.
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Types of gas turbine fuels

. Gasoline

. Kerosines

. Diesel oll

. Heating fuel oll

. Natural gas

. Syngas

. Others (H, NH,, C;Hg, C,H,,, alcohals,..)



Selected parameters of GT fuels

Parameter Gazoline Kerosine
Relative density at 311 K 0.793 |0.82-0.88
Viscosity 311 K, cSt 1.4 2-4

Temperature of ignition (Flash point), K | 311-344 | 339-367
Temperature of freezing (Pour point), K 228 253-273
LHV, MJ/kg 42.8 42-43

Sulfur, % mas. 0.01-0.1 | 0.1-0.8




Non-conventional GT fuels

TABELA 2
Wlasciwosci niektorych paliw rozwazanych jako alternatywne paliwa lotnicze[29]
Paliwo Nafta
lotnicza Alkohole Metan Wod6r | Pentaboran
Parametr A-1 metylowy | etylowy _
Sktad H/C 0,16 CH3;0H C,H;0H CH,4 H, B;Hs
CiQIZar czasteczkowy ~ 120 32,04 46,06 16,04 2,016 63,17
Warto$¢ opatowa, kl/kg 42 800 19 985 29,750 49 080 119890 | 64 300%)
Gestosé, kg/m’ 753 785 817 425 71 633
Temp. wrzenia, K 470+560 337 352 112 20,5 332
Temp. krzepnig¢cia, K 220 175 158 90,8 14 226
Cieplo parowania, klJ/kg 244+256 1103 853,6 5815 449 507
Cieplo wiasciwe, kl/kgK 2,01 2,55 2,59 3,44 9,29 24
Gestosé paliwa 1 1,04 1,08 0,56 (0,094 0,84
Gestos¢ nafty lotniczej -
Wartos¢ opal. z 1 kg pal, 1 0,47 0,70 1,15 2,80 1,50
Wartos¢ opat. z 1 kg nafty lotn. : _
Wartosé opal. z 1 m® paliwa 1 0,49 0,75 0,65 0,26 1,26
Wartos¢ opat. z | m’ nafty lotn|

* 7 ywzglednieniem ciepla kondensacji B>0;




