R il

NE =35 Bt /5 g —t
1= FI I_l\:—%&»'ﬁ—{\éfvﬁﬂ‘ b




ISEGIIE N }FL/‘

PF'*H BY)23 V%‘TUELW

L [ER] =R ER )

o By =R (M)xHE (V)




EIET‘I Ef;ﬁﬁ%ﬁ_ P?h' ’EH%«T\%;[/ - ] ﬁ:'\ : %_} I=Mx (Vaircraft'vjet)

Propeller versus Jet Propulsion

Fropeller - moves
LARGE MASS of
alr at low welocity

Jet - moves small
mass of gas at HIGH
REEECTY.
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Compressor Combustion Exhaust
Chamber Nozzle

Turbine
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Chamber Nozzle

Turbine
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Moderate-speed
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Burner

Fuel inlet
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Turboprop - AE 2100

PFI/H‘FJ E & )ﬁkmg{[ o "l‘:\z;[r f\ y(fﬁj -
*ﬁ& Ua Elﬁefm g l”?’%@HIPEzL[SFEI K
BIE

I—J‘j HJWV@ %ﬁa J[‘F
rﬁ“'*“ V ;f P’ e 5 [ = R U RS T[]
By | “T l/ﬁi}@{ﬁ? [ s ginJ[/ 20 F %’ F
free pow r turbine) > JEII%;, F I Jﬁf@ﬁ@%ﬁﬁ%w
%ﬁﬂﬁWWJzﬁﬁ




ﬂ[ﬂéf@% 2

Sk F b ﬁ 'F' as
FF‘I '1 h ( g :E‘ Compressor Shaft |-
generator) xixt W

F, Fl‘[_hﬂ —-ﬁ}j il;l ;{E J—f - L _l
% , F‘ E E[El ﬁ[ [ , IE[—A _E{,I E;IJT Eum@ Huot, high-
«1‘ F __j j }‘] ] ( %A)F&‘ E[ Fuel inlet F“"'SSE‘TE £as

/N l )
j:_f ; ; @E :E [/ I’L i Basic gas generator

AE 2100 LockheedoC-130J




Turboshaft - RTM322
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Piston engine

Intermittent
Compression Combustion
Air intake Copttinuous . haust
Jet engine Sy
driven propeller

(Turboprop)
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Pressure and Temperature
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Compressor Stages

Rotating Rotating
Rotor Row  Fotor Row
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Airflow / ||
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Stationary  Stationary
Vane Row Vane Row
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Combustor Operation

Primary zone Dilution zone

Intermediate /

Fuel spray
nozzle
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Turbine Stages
Rotating Ratating
Rotor Row  Rotor IHl:uw
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Reducing Carbon Dioxide

co Turbine Entty  Pressure
, () Temperature “C Ratio
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Low Emissions Combustion - “DLE"

Optimum
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Red uction in Emissions - Industrial Gas Turbines
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Modern industrial

engine compared

to civil aerospace
equivalent
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Multiple Shafts - Trent 95,000 Ibs Thrust —k%{ 7 Iﬁ[ —Q
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IP System >3,000 rpm W J_kg [
8 Compressor stages = '
'r } 1 Turbine stage A '% T\ [ ”

>7,500 rpm

LP System ‘J[n J
1 Fan stage

HP System
6 Compressor stages N oA
1 Turbine stage [/ J lif’ 5 I
>10,000 rpm
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Fuel Staging for Low Emissions

Single stage premix

i\

® Design for low NOx at full power anly
® Weak mixture at part power causing:
— High CO
— Poor flame stability

Three stage premix

Frimary stage at top on permanently

Secondary then Tertiary stages used at
increasing power settings

Stages operate over small fuel / air mixture
variation

Low MO and CO over wide power range
Good fame stability
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Gas Temp: 1425°C Gas Temp: >1550°C

Cooling air' '
Multipass Thermal Barrier
Coating
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Propeller .
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Compressor turbine
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— Typical
,_(: compression
ratios for : . ] ;
e Typical Typ_lcal pressure
gaspline : ratios for gas-

Sl compression . 2
engines turbine engines

ratios for diesel
engines
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