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BETET Sustainable Aviation

More Than 80% of All Measures Have to do With Gas Turbines!
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Thermodynamics of a Continuous Through Flow Machine
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First Law of Thermodynamics

Energy in = Energy out

* _— *
Win Hin + quel - PWSD + WOUt HOUt + LOSSGS
Q W = Mass Flow [kg/s]
fuel H = Enthalpy [J/kg = m?/s?]
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Static and Total Temperature
Flow in a Duct, no Heat Losses

Duct Shape —
total temperature T

w

true (static) temperature T,

»
»
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Total Energy = W*H = const

Mass Flow W = const

Total Enthalpy H = const
H=cp,*T = const
Total Temperature T = const

Static Temperature T, varies:

Co*T, = Co*T - V22
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el Static and Total Pressure
* Flow in a Duct, no Heat Losses

Duct Shape ===y Energy = W*H = constant
H=cp*T
T = constant

A no loss total pressure P
g —_————
= T
3
; .
e
1 ._B—_—--:n-;,."_ f — —
N true (static) pressure P with friction losses —= —
3 e static pressure P, total pressure P

""" Velocity V

P=P,+ p*V/2

»
>

dynamic pressure
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Correlations Between Static and Total Quantities

Constant Gas Properties: Isentropic Exponent:
& __ %
H=CP*T=CP*TS+7 y_cp—R

Mach Number:

ulting.de

Iy V /4 R = Gas Constant

= — = R, =287 J/(kg*K)

: Vsonic \/)/ * R+ T co = Specific Heat @
Ve Constant Pressure
= T e 1 e Chair = 1 1034 JI(kg*K)

p— - A Y air = 1.
T, 2

N N
P [(T\r1 . —1M2 y-1
P, \T, -\
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T-S Diagram of Nitrogen
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True Gas Properties

Isentropic Exponent y = c /(c -R)

Air and Combustion Products from Generic Fuel
Water-Air-Ratio = 0
Parameter = Fuel - Air - Ratio
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True Gas Properties

Specific Heat c,

Air and Combustion Products from Generic Fuel
Water-Air-Ratio = 0
Parameter = Fuel - Air - Ratio
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Temperature - Entropy Diagram

4 =30 Ideal Joule (Brayton) Process
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Enthalpy - Entropy Diagram
|deal Joule (Brayton) Process
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Ideal Joule Process
Influence of T,

1400,

1200

1000 sy

800

6001

www.kurzke-consulting.de

'J_‘V

400

Enthalpy [kJ/kg]

200

-2 0 2 4 6 .8 1 1.2

Entropy [kJ/(kg K)] M

June 2024 Copyright © Joachim Kurzke 15

g\ . At
) N (B E >



http://www.kurzke-consulting.de/

History

“...the combination of power and lightness...”
History of Gas Turbine Specific Power Hydrocarbon

Stoichiometric
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Enthalpy [kJ/Kkg]
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Increasing Power Output
Sequential Combustion
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Increasing Power Output
Overview

T,=1700K
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e |deal Joule Process
Thermal Efficiency
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Ideal Joule Thermal Efficiency
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et Carnot and Joule Cycle

Thermal Efficiency

Added Heat Q;,,

Carnot:

Added Heat = A-B-F-E
Removed Heat = C-D-E-F
Work = A-B-C-D

Joule:

Added Heat = 3-4-50-20
Removed Heat = 2-5-50-20
Work = 3-4-5-2

Temperature

www.kurzke-consulting.de

Removed Heat Q,,, Removed Heat Q_, _’M i
y o
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e Reducing Fuel Consumption
Heat Exchanger
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Ideal Cycles
Efficiency of Shaft Power Generation
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= Ideal and Real Joule Process
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Polytropic Efficiency

Compressor Turbine
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Isentropic / Polytropic Efficiency
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Efficiency of a Real Joule Process
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Widespread View:

“Thermal efficiency of gas turbines is
critically dependent on temperature at the
turbine inlet; the higher this temperature,
the higher the efficiency.”

This is incorrect !
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Schoolbook Wisdom

Simple definition of thermal efficiency:
T, Compressor Inlet

H,-H. T,-T,-T,+T,
nth HB T4—T3

T; Compressor Exit

T, Burner Exit
T, Turbine Exit

ulting.de

www.kurzke-cons

Different gas properties for compressor and turbine:
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Thermal Efficiency
Schoolbook Equation
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- Definition of Thermal Efficiency

Definition as ratio of enthalpies:

H;—-H,
E N = o
2 B H; Turbine Spec. Work
£ H, Compressor Spec. Work
§ W, Fuel flow
l'-v: . Il .
,af%;urJ FHV Fuel Heating Value

Definition with fuel mass flow:

R _ PWsp
Teh = Y " FHY

June 2024 Copyright © Joachim Kurzke 32
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Thermal Efficiency
Compressors and Turbines n,,=0.9, no Cooling Air

Thermal Efficiency = 0.2...0.62
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el Temperature Increase in the Burner
Chemical Equilibrium

Hydrogen

pDsene

Natural Ga

Ker
57<4’ T 10000 kp,,
el o
7 100 kP
xb EOOOO

100

[9]

Qo

2500 AT= far %/ 10

2250 7/%
2000 7
30% more Fuel

yd

N ayZ4

NWAVZ4
//
v

N

www.kurzke-consulting.de

Exit Temperature
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Compressors and Turbines n,,=0.9, No Cooling Air
Thermal Efficiency

Thermal Efficiency
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A Compressors and Turbines n,,=0.9, With Cooling Air
Thermal Efficiency

Thermal Efficiency Cooling Air / W2
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(e Compressors and Turbines n,,=0.9, With Cooling Air
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Simple Cycle
SGT-8000H Gas Turbine

2000
1800
1600
. 1400
<
SGT5-8000H SGT6-8000H o
5 1200
Frequency 50 Hz Frequency 60 Hz g' 1000
I1SO base power output 400 MW ISO base power output 296 MW |0_9
Efficiency 40% Efficiency 40% 800
Exhaust mass flow 869 kgls /1,915 Ibls Exhaust mass flow 640 kg/s /1,410 Ibls
Exhaust temperature 627°C11,161 °F Exhaust temperature 630°C /1,166 °F 600
Weight 445t Weight 289t 400
Length x Height x Width 126 mx55mx55m Length x Height x Width 10.5mx4.3mx43m
41ftx 18 ftx 18 ft 34 ftx 14 ftx 14 ft 2002
-
Net power output 600 MW Net power output 440 MW
Net efficiency > 60% Net efficiency > 60%
Net power output 1,200 MW Net power output 880 MW
Net efficiency >60% Net efficiency >60%

Copyright © Joachim Kurzke
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Intercooled Recuperated Cycle

RR WR-21

Ref. IGTC2003Tokyo 0S-203

41
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T RR WR-21
‘ Specific Fuel Consumption SFC
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RR WR21
27% Power
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=— 50 Combined Cycle
- Heat Recovery Steam Generator (HRSG)

Process

Generator

www.kurzke-consulting.de

HRSGSinglePressTurb.emf GasTurb
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el Combined Cycle
Joule and Rankine Cycle
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Power Turbine Exit Temp T [K]
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GT24

Fuel Natural Gas
Frequency Hz 60
Electrical output MW 179
Electrical efficiency % 875
Heat rate Btu/kWh 9,098
Turbine speed rpm 3,600
Compressor pressure ratio 30.0:1
Exhaust gas flow kg/s 391
Exhaust gas temperature °C 630
NOx emissions

(corr. to 15% Oz, dry) vpopm <25

GT26

Fuel Natural Gas
Frequency Hz 50
Electrical output MW 262
Electrical efficiency % 382
Heat rate Btu/kWh 8,932
Turbine speed rpm 3,000
Compressor pressure ratio 30.0:1
Exhaust gas flow kg/s 562
Exhaust gas temperature °C 630
NOx emissions

(corr. to 15% Oz, dry) vppm <25

47


http://www.kurzke-consulting.de/

www.kurzke-consulting.de

June 2024

1100,

10001

900

800

Temperature [K]

500

400

300

200

700

600

Combined Cycle
Steam Cycle

Single Pressure

HRSG

Three Pressure
HRSG

0.3!.

8 g

0.4
Q g
Q

08.02.2017

4 ; 5 7 3 3
Entropy [kJ/(kg K)]

GasTurb 13

Copyright © Joachim Kurzke

48


http://www.kurzke-consulting.de/

= Outline

Fundamentals
*|deal Cycles

g e *Thermal Efficiency
=D *Power Generation
= *Aircraft Propulsion
- *Fundamental Design Decisions

*Non-Dimensionals
*Turbojet Off-Design



http://www.kurzke-consulting.de/

=D From Turboshaft to Turbojet

Drive shaft to
helicopter gearbox

l@ ® ®
oy

Jet creates thrust

www.kurzke-consulting.de

Temperature

Low jet velocity

kinetic energy
at the exhaust is a loss

Entropy
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= Thermal Efficiency @ SLS
=3 Thermal efficiency is defined as
. increase of the kinetic energy of the gas stream
: over
the amount of heat employed
: the product of fuel mass flow W, and fuel heating value FHV
I
R
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Thermal Efficiency in Flight
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June 2024 Copyright © Joachim Kurzke 52

Y iy
/ ) Y
sl



http://www.kurzke-consulting.de/

Propulsive Efficiency

Propulsive efficiency is the ratio of

= :

== useful propulsive energy
_ Ty — the product of thrust and flight velocity —
= compared to

Voo

T

the wasted kinetic energy of the jet:

 FxV, 2%V,
P T P =y v,
2
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Propulsive Efficiency of Turbofans

9
m
Q
N
o .8
g =
.g _— 1;3 . .
E g * Higher bypass ratio means
g =7 higher propulsive efficiency
§ § that’s the popular opinion.
; I““z:é““ é
Rl 6 * However, thisis only true for
% constant T,.
3
= )
4
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Overall Efficiency

The overall efficiency is the ratio of useful work done
in overcoming the drag of the airplane
to the energy content of the fuel:

ng.de

Iti

www.kurzke-consu

! _ F * VO
=D To = W« FHV

Simplified:
overall efficiency is equal to
the product of thermal efficiency and propulsive efficiency.
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Specific Fuel Consumption

Overall efficiency of an aircraft engine is inseparably linked with
the flight velocity.

i
(f———

B i . F*Vy
| To = W «FHV

ulting.de

With SFC=W,/ F, overall efficiency becomes
== Yo
S To = SFC « FHV

www.kurzke-cons

Rewritten:

Vo Vo
SFC = =
No* FHV ~ 1 *1p * FHV

22222222 Copyright © Joachim Kurzke
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JT3C,
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SFC = f(ntherm' nprop)

.8
35000ft Mach 0.8
, 20 Q’S A, FHV=43.1 MJ/kg
3 - [
== =
- -~
~ %]
Eel S
o &
L P n15
4
10
3
2
Vo 35000ft Mn 0.8 -V,=237m/s
SFC = FIV
Ntherm * TNprop * FHV=43.1 MJ/kg
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SFC = f(ntherm' nprop)

.8
35000ft Mach 0.8
A FHV=43.1 MJ/kg
) A
7 20 © %
3 [
== =
- -~
~ %]
QU _g -6 :ll“‘o'
o Q
% L P n15
é L1
1 4
e 10
3
2
Vo 35000ft Mn 0.8 -V,=237m/s
SFC =

* * FHV
Ntherm * Nprop FHV=43.1 MJ/kg , __M,.
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A Personal View

8
35000ft Mach 0.8
A FHV=43.1 MJ/kg
7 20 © “
th —
== =
: < o
Eo &
oY g
E = @15
5
2 l‘_j—_
 —
4
10
3
2
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— Intercooled Recuperated Turbofan

Air in from Compressor

Air out to Combustor

www.kurzke-consulting.de
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= Outline
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o *Thermal Efficiency

= *Power Generation

* *Aircraft Propulsion
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Al Fundamental Design Decisions
‘ Turbofan: Mixed Flow or Separate Flow?

. [45) 8
: i 7
= p S\ gy L]
: éJ //l!!--- all 117
i e N
|

Visg
(7) = N2-18 N45-8
8 /id
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Outer Fan Pressure Ratio

1.9

1.8

1.7

1.6

1.5

1.4

Turbofan: Mixed Flow or Separate Flow?

Jet Velocity Ratio

T L L S > A A

W77 P e o
117727 W G =

1.2 14 16
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g el Turbofan: Mixed Flow or Separate Flow?
Thermal Efficiency

)/‘_,T;_‘ 52 - }‘9 2 6.4
( — _ 2 Q. {9
e | o Y 6| Nhep=08 %

g e ' 9
2T g8 o

I —— 2 £ 52
T Q i
< (EE%—"TM)\ S 49 =

E -2 = 4.8
g I i =
. 5 S
_— c Y=

— = 4
= 47 7

= 36

Separate flow turbofans ©
46 \ \ o

3.2

Colors indicate T¢/Ty¢
A5 ]
6 ) 10 12 14 16 18 20 22 2.8

Design Bypass Ratio
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S Turbofan: Mixed Flow or Separate Flow?
| ) Fan and LPT Pressure Ratio

16, . 1My q
r]Pmp: 0.8 nProp =038
1.58 10
% o 1.56 Separate flow turbofans o 9
2 ~ 2
g o ©
f E 154 / g
5 ke o
4 + S
3 & 152 a 7
S ] o o
| Vi 5 o
: ' 1.5 6
ll..éh(hl,l" ) § E
‘ . g o i
c 1.48 7 790
1400 << ~ AN 0
144 Mixed flow turbofans 3 .
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
Design Bypass Ratio Design Bypass Ratio
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el Fundamental Design Decisions

I With or Without Afterburner (Reheat)?

N
S

48
) 44
T
g A =
B - )
S [ X
§ E £ 40
s o = ~
N c 36 < E
S © C () 7]
= [N (o] & o
3 v = ®
2 o B
3 , g 32 <
1 )
il g
! POy
i [ s A O 28
©
>
TR
o
w

Dry

Fan Diameter

N
o

—— +53% Thrust ——

-
D

0 10 20 30 40 50 60 70 80 90
Net Thrust [kN]
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g Rayleigh Line

e N .
R-—>) Heat Addition in a Constant Area Duct
TF F }“? 3 /m 2
/ . )
g §§.6 / ,///// ////// P P o
é = ::::///// /////, ////, ’///////' ///////" o i
§ § // //// - -g
If?ffm = 4 ‘,,,,,///”" "”’,,w::::::::::: i::::::::::: ?fﬁ égggﬁ
i — E . /// — U:;h JC:%
Y
< 2?7;/ ——————— Ejm%
2 ﬁ/_/ — o2 gf
0.08 ©
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1000 1200 1400 1600 1800 2000 2200 2400
Reheat Exit Temperature T, [K] . "M"’
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(CE= Rayleigh Line

=S Fundamental Pressure Loss
16;
>
2 14
o0
Q-
—i
12
E (V5]
: o
: —
g o -1
S g %
ﬁ ™
x & 08 N
g & - . o
B | = 5
— © 06/ .
o 5 Q(o Reheat part W
£ §// load curve
% .04 -0.2
2
=0.15
T .02] o
M=0.1
N — , ' ' ' | |
1000 1200 1400 1600 1800 2000 5500

Reheat Exit Temperature T, [K]
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S With Afterburner
i Engine Size

59
58 o}
= Eﬁ 17
¥ ) @
2 =z N\ A
E < > N\ NS 1700,
3 2 [1% G
S - 56 = \ \ ) A
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E £ 55 o\ \
g u:) —_— “Q 08
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l'r—f""q-‘nrr.' O >4 055
S ©
T 53 03
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@ 5 N 0.05
M,,=0.22 Ps/Py @ 2EEG
51
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Fan Diameter / Mixer Diameter
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el Without Afterburner
i Engine Size
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el Fundamental Design Decisions
Convergent — Divergent Nozzle

20,
1.2 *103

17.51

151

—
—_

12.5

www.kurzke-consulting.de

Altitude [m]
=

~
()

—_

?i
Gross Thrust Ratio F_,,4/Fcon

w

N
[&)]

0'91 1.2 1.4 1.6 1.8 2 0

Nozzle Area Ratio Ag/Ag 0
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Fundamental Design Decisions

Single or Two-Stage HP Turbine?

MTR 390

ulting.de

www.kurzke-cons

T800
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A et Fundamental Design Decisions

Single or Two-Stage HP Turbine?

www.kurzke-consulting.de

CFM56-7
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el Fundamental Design Decisions
Conventional or Geared Turbofan?

=) T
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= CFM Leap 1A Pratt & Whitney Geared Turbofan

% Airbus A320neo
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Non-Dimensionals

Compressor Map
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=y Parameters in a Compressor Map
“ Mach Numbers

Mn Var i Mn =¥ const* N _ const*N
Yoa A*p*y*R*T, " oa  Jy*R*T, ,/7*R*T*\/T
- W*R*T T
%_ AP R
il
Vo
B
' W*sR*T N
= £y, M N,
p M) N f(r.Mn,)
T
wx |2
wo WO T V285K N__ N
% 2R,std S P, \/6 \/ =
101.325kPa 223 15K —M'
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Non-Dimensionals
Velocity Triangles of a Compressor Stage

. |
P f
//’ N\Mys =0 | \My4
e 12
My Vui

g ! 4 +i .

= : N

§ I | \\ : :

2 IMU N MU.
True velocities Mach numbers

Work done:

AH = U X (Vg = Vi) P
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Loss Coefficient »
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* Spool Speed

e Mass Flow

* Power

* Fuel Flow

 Thrust

* SFC

Non-Dimensionals — Mach Number Similarity

Engine Parameters

N
Neorr = \/_T
W T
Weorr = P
PW
PWeoryr = \/T* p
WF
WE.orr = m
F
Feorr = E
SEFC
SFCeorr = W

N
Neorr = \/_6
W «/0
Weorr = 5
PW
PWeoryr = \/@* s
WF
WE.orr = m
F
Feorr = E
SFC
SFCeorr = ﬁ

® =T/288.15K

0 =P/101.325 kPa
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Turbojet Off-Design
A Simple Gas Turbine Cycle is the Heart of Any Turbofan

ulting.de

www.kurzke-cons
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GI=TT) Turbojet Off-Design
Nomenclature
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Turbojet Off-Design
Compressor Map

16
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Pressure Ratio P3/P2
GO'L= OM N

0 4 8 12 16 20 24 28 32 36

Mass Flow W2RStd [kg/s] ! ’ ,
N o
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Turbojet Off-Design

2000 Generic Fuel 2750
I
_ g 00
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Injected Fuel-Air-Ratio Pressure [kPa]

Chemical equilibrium - ideal temperature rise for a generic hydrocarbon fuel
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Turbojet Off-Design
Turbine Map

4 4.4
3.6 4
.8 Q_ln 3.2 3.6 —
g ~ Ts) ] ‘I_I|
E 5 28] % 32 &
: 5 2 2
E T 24 2 28 =
v
= 7 2 2 S 24
Ve S 2
| 16 so2
1.2 16
8 . ‘ ‘ ‘ ‘ . 1.2
5.3 5.4 55 56 57 5.8 5.9 4.4 4.8 5.2 56 6 6.4 6.8
Mass Flow W,,V0O,,/5,[kg/s] N/VO,4,* W,1VO,,/8, [ke/s)
% Compressor Map Format Turbine Map Format

v_M”'
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el Turbojet Off-Design
‘ Corrected Flow Through a Nozzle

Total Temperature = 1000 [K]

45 Dry Air
40 A
= 10% —
i -x§ 35 //
E S 30
g S 25
S — E’
et O
= g = /
o 2
=i </
I = 10 /
== S 5

0.68

% 0 0 2 4 6 8 1 1.2
Mach Number , _M,.
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et Turbojet Off-Design

iy Flow Conservation Between Compressor and Turbine
W *\/?2: W4*\/?4*A *&*%*E* E
T P, A, *P, Y|Pl (W] P, |T,
; P; W, * T, |T, P4/P,
% P, =|CONSTy|* P—2 * T,
2 Imﬁm_
B

Lines with constant T,/T,
in the compressor map i
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i Turbojet Off-Design
o Flow Conservation Between Turbine and Nozzle

W, T. W, Te | (W, | |Aa| | P T=1||P T.
e L * \/_4 | We JTg WA I ] Y =1 9 = M T e R f(P,/P<,n)
= Ay * Py Ag x Pg | (Wg| |A4| |Ps| [\|Tg||Ps .|Ts

\

const,

N

www.kurzke-consulting.de

Efficiency influence is negligible

4
Turbine pressure ratio P,/P. = const

’ n=0.7 1=0.
Not affected by power offtake PW, o

Pressure Ratio P,/P<
y r"" 4
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Turbojet Off-Design
Power Balance Between Compressor and Turbine

PWr = PW¢ + PWppss + PWOfftake
W, « H- = W, = H; with PW, ., =0 and PW = O
HiS,C/nC = Hijsr *nr Simplified: W, =W, Mass flow continuity
between turbine and
nozzle yields constant
P,/Ps
B P3 R/Cp,C B P5 R/Cp,T
His,C - Cp,C * TZ * P_ —1 His,T — Cp,T * T4 * (1 — P_
2 4
R/cpc T } '
His C P3 P S * * % t
Ao AR | (i} _1| = Tc * N * COnstp, /p,
T, |P° (Pz I ’
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Sy Turbojet Off-Design
i Compressor Operating Line

16;
14 From previous slide:
1 T
. 12 & - .
E S R
= o~ - -
2 Q@ 40 - P3 Cp,C
S ™ operating C * - — —
% o line ] p:C P
2 _8 8 P P 2
§ @© r' I f B -
z - o z
| M e - g 6. ; I T
B %) ;
? S 4
I B —*Nc * N * constp, /p,
o T,
2]
Ote . . . . . . . . .
0 4 8 12 16 20 24 28 32 36

Mass Flow W2RStd [kg/s]
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Turbojet Off-Design
Turbine Operating Line and Nozzle Mach Number
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Turbojet Off-Design
Effect of -10°VGV Setting

16 o
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12
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2 a 10
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Turbojet Off-Design
Effect of -10°VGV Setting on Flow and Efficiency

1 9
.96 .85
S

S .92 8

og .
£ 3 5
2 o .88 c

§ UQ)_ g .75
b n Qo
E S .84 i

—; = (% s .7
: o §
—_ o) O

| T © £ 65
o < .76 s
| — 4 &

72 5

68 .55

.64 5

8 12 16 20 24 28 32 8 12 16 20 24 28 32
Engine Mass Flow W2 [kg/s] Engine Mass Flow W2 [kg/s]

June 2024 Copyright © Joachim Kurzke 95



http://www.kurzke-consulting.de/

et Turbojet Off-Design
Effect of -10°VGV Setting on Operating Line
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Pressure Ratio P3/P2

4 8 12 16 20 24 28 32 36
Mass Flow W, o4 [kg/s]
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Question

w T P WRstd
Station kg/s K kpPa kg/s |FN = 26,37 kN |
amb 288,15 101,325 TSFC = 25,0985 g/(kN*s)
1 31,680 288,15 101,325 FN/W2 = 832,50 m/s
e 2 31,680 288,15 100,312 32,000
=S 3 31,680 630,42 1203,741 3,944 prop EFf =  0,0000
. 31 28,195 630,42 1203,741 eta core = 0,3884
I 4 28,857  1450,00 1167,629 5,617
g 41 30,441 1411,20 1167,629 5,846 WF = 0,66194 kg/s
& 49 30,441 1113,50 367,374 s NOX = 0,28659
E 5 32,025 1091,37 367,374 17,190 XMm8 = 1,0000
S 6 32,025 1091,37 360,027 A8 = 0,0773 m?
¢ 8 32,025 1091,37 360,027 17,541 |P8/Pamb = 3,5532 |
3 Bleed 0,317 630,42 1203,738 weld/w2 = 0,01000
e Ang8 = 20,00 °
s — pP2/P1 = 0,9900 pP4/P3 = 0,9700 P6/P5 0,9800 CcD8 = 0,9600
Vot Efficiencies: isentr polytr RNI P/P W_NGV/W2 = 0,05000
‘Igdhﬂmmff Compressor 0,8500 0,8913 0,990 12,000 WCL/W2 = 0,05000
' Burner 0,9999 0,970 Loading = 100,00 %
Turbine 0,8900 0,8757 1,798 3,178 e45 th = 0,87139
———————————————————————————————————————————— far?7 = 0,02111
Spool mech Eff 00,9999 Nom Spd 14284 rpm |PWX = 0,00 kw |

This turbojet has a thrust of FN=26,37 kN
How many kilowatt is that?
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Answer

w T P WRstd
Station kg/s K kpPa kg/s | FN = 0,72 kN|
amb 288,15 101,325 TSFC = 299,0000 g/(kN*s)
1 31,680 288,15 101,325 FN/W2 = 22,57 m/s
—_—_ 2 31,680 288,15 100,312 32,000
( j;;:”?j 3 31,680 630,42 1203,741 3,944 Prop Eff = 0,0000
e 31 28,195 630,42 1203,741 eta core = 0,0058
I 4 28,857 1450,00 1167,629 5,617
K 41 30,441 1411,20 1167,629 5,846 WF = 0,66194 kg/s
& 49 30,441 858,96 103,499 s NOx = 0,28659
E 5 32,025 848,26 103,499 53,793 XM8 = 0,0392
S 6 32,025 848,26 101,429 A8 = 4,0055 m?
g 8 32,025 848,26 101,429 54,891 | P8/Pamb = 1,0010 |
3 Bleed 0,317 630,42 1203,738 wBld/w2 = 0,01000
§ ———————————————————————————————————————————— Ang8 = 20,00 °
3 — P2/P1 = 0,9900 P4/P3 = 0,9700 P6/P5 0,9800 CcD8 = 0,8602
L%!fgmtw Efficiencies: isentr polytr RNI P/P W_NGV/W2 = 0,05000
| rgﬁ:;m‘, Compressor 0,8500 0,8913 0,990 12,000 wcL/w2 = 0,05000
) Burner 0,9999 0,970 Loading = 100,00 %
Turbine 0,8900 0,8563 1,798 11,282 e45 th = 0,87201
———————————————————————————————————————————— far7 = 0,02111
Spool mech Eff 0,9999 Nom Spd 14284 rpm | PWX = 9114,99 kw|
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