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Introduction to Gas Turhines

Rolls Royce Trent 900 (Airbus A 380)
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Types of gas turbines

« Aero Engine Gas Turbines
« Air breathing jet Engines
* Turbojet
* Turbofan
* Turbo propeller

Low pressure shaft
High pressure shaft
Other structures

Turbofan engine -
https://commons.wikimedia.org/wiki/File:
urbofan_Labelled.qif

Bombardier Q400
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Types of gas turbine

» Aero-derivative land-based gas-
turbine (start-up time ~ 30 mins)
* Industrial power-generation gas
turbine
« Combined cycle power plant
(start-up time ~ 1 day)
» Micro-gas turbines

 Powertrains for various vehicles ay
(military and civil vessel, tanks, bus Siemens SGT5-8000H gas turbine
) (400 MW)
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Layout

1. Gas Turbine cycles
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Joule cycle

Effect of irreversibility
Regenerative heat exchange
Reheating

Combined cycle

Intercooling

2. Gas Turbine combustion
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Combustor design
Conventional and Low No, combustors
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Gas Turbine cycle
Wnet

« Continuous flow open cycle (Control volume
Analysis)

* Processes:
1. Compression (+ve work)

2. Heat addition (Combustion + Dilution &
Cooling)

3. Expansion (-ve work)
4. Heat rejection (Exhaust)

Each process is described by Steady Flow
Energy Equation : 2
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Brayton (or Joule) cycle

Efficiency function of pressure ratio and y (r )7
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Handbook. 4th ed. 2011: Burlington :
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Joule cycle optimisation

Pressure ratio

* For fixed turbine inlet temperature:
. hth increases with r,

/4

¢ . .
. nf;e (net specific work) has a maximum

« Compromise between efficiency and specific work
* Running cost (efficiency)
« Capital investment (specific work)
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Isentropic efficiency
05 4
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Irreversibilities : T 2 e

o //% F
* Increase compressor £ —_— /70/\%
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« Decrease turbine work u %%/ <¢ \ \

; A,
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Nip = f(rp’TS/Tl) 1 2 3 4 5678910 20 30 40 50
Compression pressure p,/p,

| ——

Thermal efficiency for A =90%

Source: Thermodynamics by Bahr & Kabelac
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Isentropic efficiency

Thermal efficiency
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-~ compressor & turbine
polytropic efficiency

temperature ratio
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dimensionless specific net work W/ mC,T,
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Jet Engines INTAKE COMPRESSION COMBUSTION EXHAUST

444444

Air Inlet/ rbine

Cold Sectic T

https://en.wikipedia.org/wiki/Turbojet
https://commons.wikimedia.org/wiki/Fil
e:Turbofan_Labelled.qgif

Low pressure shaft
11 , High pressure shaft
Other structures
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. —
Regenerative heat exchange 4a
2
combustor 3 4
a*"ﬂi
« Exhaust gases used to heat ] B
up compressed gases N —
before combustion COMpressor turhine
0.8 : .
« Heat exchanger -> WI&;hE“
BxC ange
Recuperator " 5
« Efficiency improvement
7. 0.4 7

* Improvement is only valid at
low pressure ratio

« Limited scope (too bulky and
non-standard)

12

without heat
exchange

30



OTTO VON GUERICKE

UNIVERSITAT
MAGDEBURG

main combustor reheat combustor

Reheatin OIS TN T
J - \ \ OIS
] il fief
—— —

"""--..___‘ | ——

* Increase specific work output — —
e B T

« Decreases thermal efficiency compressor  HPturbine LP turbine

« High exhaust temperature
Especially suitable to
combined cycle

Alstom GT26

EV = EnVironmental
SEV= Sequential EnVironmental

SEV Fuel Lance

annular EV Combustor annular SEV

Combustor
EV Burners

O . .
1382802228380 :

Compressor LP Turbine

HP Turbine
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Combined cycle

« Exhaust used as heat source

for Rankine cycle

« Efficiency increases with gas
turbine exhaust temperature

SGT5-8000H in combined cycle
Pressure ratio 19.2
Exhaust Temperature |627°C
Efficiency >60%

Siemens Technical Data

MAGDEBURG
{-:lll'l
'
Combustion
chamber
GAS CYCLE ‘fﬁ__'_,d_.-f""d_'
Gas ﬂ' .
turbine
W
Ad Heat exchanger
. I%I'musxl @I W \‘l‘\{B

Zases

@

STEAM
CYCLE

Pumip

Condenser I
@ I\-‘/ l‘{_i'-'m @

http://sounak4u.weebly.com/vapour--combined-power-
cycle.html

Steam
turhine
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Gas turbine optimisation
Intercooling
intercooler “ate combustor

* Reject heat between low | I,f N

and high pressure 1 1a AVaY

compressor T — ] L __
* Increases specific work I
» Decreases efficiency e o

LF compressor HP compressor

« Can be combined with
heat regenerative heat
exchanger (e.g. naval
propulsion)
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2. Gas turbine combustion %

.“ C A.\T »
COMPRESSOR COMBUSTOR TURBINE

Can combustor
(land based industrial
GTs):

Easy access

Annular combustor
(aero-engine GTs):

Compactness

COMPRESSOR ANNULAR TURBINE

COMBUSTOR
LY Correa, Proc. Comb. Inst. 1998
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Challenges of gas turbine combustion

« Low turbine inlet temperature (1500-1800 K) — dilution or lean premixed
* Fuel flexibility

« Load control

« High power density

« High altitude relight (aero-engines)

« Low emission (NOx and CO) — prevent hot spots

17
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Laminar and Diffusion flame

Laminar premixed flame

S| +— -
F+O Z
o ﬁ5 Pr
7
cold ad.
0,5mm X
—>
Premixed (but diffusion, heat Diffusion --> Mixing
conduction cannot be neglected)
. . T-T, . . :
Reaction progress variable ¢ = T T Mixture fraction variable f
max '0
Flame blue (CH, C,) Flame yellow (soot)
A adjustable --> T, adjustable

--> low NO, possible
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Fuel s —
Tooling air Dilution air
— -
= T
Primary air i
i :
» >< )Combustlon zone
/ N /
N
/

Intermediate air.

Primary 37'74/#

https://en.wikipedia.org/wiki/Combustor

PLENUM SIDE

' SECONDARY
§ oL HOT SIDE
PRIMARY

Panel Film Cooling Ai
HOLE anet Hiim Loaling A Correa, Proc. Comb. Inst. 1998
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Dry low NOX combustors [£

Traditional dilution cooled combustor :
« 30% primary combustion air
« High temperature in primary zone ->

hlgh NOX AIRFLOW 70%
I
« Load control by fuel mass flow 30%
Conventional —— -

Same
Turbine
Inlet
Temp

FUEL

FUEL

Dry-low-NOx combustion :

Main
Pilot 3

* Ideally premixed and lean ($~0.5) E?nrih;:iﬁs
« 80% primary combustion air eLE .
« At fixed @, load cannot be controlled ARFLOW 40%
by amount of fuel only -> complex
schemes. http://www.ramgen.com/tech_v

: : . ortex_conventional.htm/
« 10 fold improvement in NOx emission

« Prone to instabilities (e.g. flashback)
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Stochiometry and flame temperature
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Flame temperature
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02/CH4 molar ratio {stochiometry=2)

Tad, N2/02=3.81,
Tin=400K
Tad, N2/02=0, Tin=400K

Tad, N2/02=7.62,Tin=400K
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