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A Study on the Characteristics Thrust and Specific Fuel Consumption

dependent on the Major Parameters of Gas Turbine Engines

Yong Kyu Lee

Department of Weapon Systems Engineering,

Graduate School, Pukyong National University

Abstract

High-performance aircraft engines must satisfy such things as efficiency,
economy, and reliability. The efficiency and weight ratio per thrust must
be strictly matched, and in terms of reliability, the ability to continuously
produce high power without failure should be provided. The specific fuel
consumption is a parameter representing economic feasibility. There are
various parameters that affect specific fuel consumption and thrust and
Engine designers are considering thermodynamic factors such as
compressor pressure ratio and turbine inlet temperature.

A study on thrust and specific fuel consumption was conducted
according to altitude and speed variables. The effect of the change in the
cooling flow ratio of the rotor and the nozzle, which are components of
the engine turbine, on the thrust and specific fuel consumption was
analyzed. Thrust and specific fuel consumption were compared, when the
speed and altitude parameters change with and without using the gas
turbine engine afterburner. The Gasturb program was used to calculate

these performances.
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2.3 71 &7 Z9] Design Pointol] Al Performance Output &¢I
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ol F& GasTurbe Al83t AFWHE 2783 GasTurbE AME3+o]

=&E F A 2uEs AN
D stue] 7F=EH dxlS A8 Mores AdEght

@ Gas Turbine Performance - www.gasturb.com
Exit Program Options... Help
— Jet Engines Gas Turbines Propulsion Power Generation About

‘ GasTurb 14 = — s -
== %\MFW@{]

I :
» Basic Thermodynamics | L i RComprTurbgict 2 Spool Turbojet

¥ Engine Design

Performance Geared Turbofan B

More = 2 Spool Mixed Turbofan Geared Mixed Turbofan A Geared Mixed Turbofan B

(@) Gasturb A& ZE MH
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3) Azl 7]E

Close Help

| > Design Point

1

Parametric

Point

l

Optimize

g

Monte Carlo  Sensitivity  Batchiob
Project
Read History Save

» Additional

A<

T e =

1

!

Input Al Qutput Quantities |

Design Point A1 €}

E“SE{EME a selected input property

X
« « 4 | |» A > AppData > Roaming > GasTurbl4 » DemoData v B O DemoData 24
24y EH o @
» ° 25T ET 3 27

# AR
T R [ Demo_jet.Cvs 21 9% 1223 SEKB
- A :EEL [} Demo_jet_reheat.CY 04-21 221223 SoKE
WL Joe=s 2 7] Demo1 StageRadComp.CY) 20210421 93 1223 56KB
4 || Demo2StageRadComp.CYI 2021-04-21 9% 1223 S6KB
= ME * [7) DemoaxRadComp.CY) 2021-04-21 2% 1223 5KB
220311 [ Last 1 Jet cv) 0 25855 59KB
(VU— [ Last 2 Jetcv) ez om 59KB
anna =g [ Last 3 Jetcv) 2% 850 59KB

HES AE
‘OneDrive
oy rc
b ERE L
Joesc
B2 OIZ(N): |Demo_jet CY) | [cycle Data Files v
FPY
ol
(b) Gasturb ¢l &l Demo I MH

I Basic Data I
Secondary Air System
» T Ambient Conditions
» f# Mass Flow Input
» - LPC Efficiency
» [ LPC Design
» - HPC Efficiency
» B HPC Design
» - # HPT Efficiency
> -# HPT Clearance
# LPT Efficiency
» T Test Analysis
T2 Reheat
T Nozzle Selsction
» T Nozzle Calculation
i Stations

2
S

r

Property Unit Value,
Intake Pressure Ratio 0.99
No (0) or Average (1) Core dP/P ¥
Inner Fan Pressure Ratio 2.5
Booster Map Type (0/1/2) i]
Outer Fan Pressure Ratio 3
Compr. Interduct Press. Ratio 0.99
HP Compressor Pressure Ratio 7
Bypass Duct Pressure Ratio 0.97
Turb. Interd. Ref. Press. Ratio 0.98
Design Bypass Ratio 1
Burner Exit Temperature K 1700
Burner Design Efficiency 0.9995
Burner Partload Constant 1.6
Fuel Heating Value Ml/kg 43.124
Overboard Bleed kg/s i}
Powier Offtake kw/ 50

HF Spool Mechanical Efficiency 1

LF Spoal Mechanical Efficiency 1
Burner Pressure Ratio 0.99
Turbine Exit Duct Press Ratio 0.98
Hot Stream Mixer Press Ratio 0.98
Cold Stream Mixer Press Ratio 0.99
Mixed Stream Pressure Ratio 1
Mixer Efficiency 0.5
Design Mixer Mach Number 0.247
Design Mixer Area m2 0

Comment

used for off design only

used for off design only

e

Design Point

_14_




4) Ambient Condition ¥ 2Hel

% Design Point A& 3lt}.

Close  Help
|b Design Point | Input  All Qutput Quantities & Sensilivity o a selected input properfy
-~ Basic Data Froperty Unit Value Comment
-~ Secondary Alr System Altitude m 12000
7 Ambient Conditions Delta T from ISA K 0
; = Relative Humidity [%] 0
Paint Parametric  Optimize Mach Number 08
Wonte Carlo  Sensitivity  Batchjob ? “;_?O?PE;SS‘Q”
> Turb Efficiency
Project > H{ Tip Clear
r' E E » 77 Reheat
Real  Hsby  Save » 77 Nozzle Selection
» T Nozzle Calculation
Disable Edit
» Additional
A
(d) H= =
Close Help
| > Design Point J Input - All Output Quanities - SMS‘[VIHﬂa selected input property
; = - Basic Data Property Unit Valve Comment
- Secondary Air System Total Temperature T1 K 280
@ 7 Ambient Conditions Total Pressure P1 kPa 100
] ) = * &lt. Mach, diamb Ambient Pressure Pamb kPa 100
Point Parametric  Optimize 1. P1. Pamb Relative Humidily %] b

b o B

Honte Carlo  Sensitivity  Batchjob

1 A

Disable Edit
» Additional

B3 T1, P1, Pamb #t&%= th& v ARlel 280K, 100kPa, 100kPa <] €]

) f& Comp Efficiency
> Comp Design

» - # Turb Efficiency
Project > ¥ Tip Clear.
r‘ E E » T Reheat
T History e » T Nozzle Selection

» 77 Nozzle Calculation
~. Stations

6) W% oI

FHso] AAE o] 9ojA, 280, 10002 EAs}le] Design Point HES &8
A AlE o] A gkt
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= 2= o O =
5 BHl WztdA e} AHE dxle] 8 Wyl Yrdes AA s
Close  Help
> D BSigﬂ Point Input  All Qutput Quantities & Sensitivity toja selected input property
Basic Data Froperty Unit Value Comment
Secondary Air System Rel. Handling Bleed 0
» 7 Ambient Conditions Rel, Enthalpy of Handling Bleed 1
100 I » f# Comp Efficiency Rel. Overboard Bleed W_Bld/W2 0.01
= S Ot ) f# Comp Design Rel. Enthalpy of Overb. Bleed i
m 0 2 H Tll”b Efficiency Recirculating Bleed W_reci/W2 0 0ff Design Input Only
Monte Carlo  Sensitiviy  Batchiob 2 ﬂTlp Clear. Rel. Enthalpy of Redirc Bleed 1
o ) EReheat Humber of Turbine Stages 1
i ? _EUH:E ge:ec‘u:p NGV 1 Cocling A / W2 0.05
] E S| Stal;f‘s o Rotor 1 Cooling Air / W2 0.05
Read History Save Cooling Air Pumping Diameter m 0
A
() #H =
— o _
6) NZEHHY #Ad AAgs JHsict
Close Help
P> Design Point 3 J Input Al Output Quantities [ sensitutyto a selected input property
e - Basic Data Property Unit Value Comment
Secondary Air System Reheat Exit Temperature K 2000
& » 7 Ambient Conditions Reheat Design Efficiency 0.8
) = > f Mass Flow Input Reheat Partload Constant 0.5
ESUR Poromeirc.  Qplimes - LPC Efficiency Delta Reheat Efficiency [%] 0
‘Iﬁh‘ “ » - LPC Design Effective Burner Area [ A64 1
Monte Carlo  Sensitivity ~ Batchiob » - HPC Efficiency Nozzle Cooling Air Wcl/W16 0.05
» - HPC Design

Project
Read History Save
» Additional

. . ¥ HPT Efficiency
-#| HPT Clearance

» - ¥ LPT Efficiency

» T Test Analysis
w 7 Reheat
0 Off
nput T7

) Input T7 or far7

T2 Nozzle Selection
=5 Nozzle Calculation
- Stations

|'II
o
1
i

_16_




7) AlEE 1" @ﬂ%k:% gl FHEN)Y, A8 & (TSFC)?), H

L
ol = = o 3lols
HoEl MY 28 T T8 e geldith
Close  Help
¥ Overview Summary Compressor Air System Stations Additional
—
! E e w T P WRs td
Range  Save input Slider Station kg/s K kPa ka/s = 26.37 kN
% am 288.15 101.325 = . N
1 31.680 288.15  101.325 =
Unit Conv Title 2 31.680 288.15 100.312 32.000
¥ Di 3 31.680 630.42 1203.741 3.944 Prop Eff = 0.0000
31 28.195 630.42 1203.741 eta core = 0.3884
4 28.857  1450.00 1167.629 5.617
ﬂ ﬂ T..\. 41 30.441  1411.20 1167.629 5.846 WF = 0.66194 kg/s
H-5 49 30.441 1113.50 367.374 s NOx = 0.28659
8 32.025 1091.37 367.374 17.190 XM8 & 1.0000
}OQ( 6 32.025 1091.37  360.027 A8 = 0.0773 m?
Station Data 8 32.025 1091.37  360.027 17.541 P8/Pamb = 3.5532
Bleed 0.317 630.42 1203.738 weld/w2 = 0.01000
¥ Output = T Ang8 = 20.00
= = P2/P1 = 0.9900 P4/P3 = 0.9700 P&/P5 0.9800 cD8 = 0.9600
IU.I |_D D-) Efficiencies: isentr polytr RNI P/P WCIN/W2 = 0.05000
o T Compressor 0.8500 0.8913 0.990 12.000 WCIR/W2 = 0.05000
sk it ki) Burner 0.9999 0.970 Loading = 100.00 %
Excel Turbine 0.8900 0.8757 1.798 3.178 e45 th = 0.87139
m far7 = 0.02111
spool mech Eff 0.9999 Nom Spd 12499 rpm PWX = 0.00 kw
Initialize Export  Disconnect - ——
hum [%] war0 FHV Fuel
0.00000 43.124 Generic
Save
Input Data File:
C: EUsers\A\AppData\Rnam' ng\GasTurbl14\DemoData\Demo_jet.C¥J

(h) Z 2 o A
2 6. dAIE d5 Z1 oM HXE

8 & T74 dds 8% + 1D ~ 7) AAE HEIH

of ZEagln HZE sFaEMel AR Ao B s AGA

Aol HAstel shaEulel U 71Fol B shite]l A Ao 2
2 Aedch Aed tA EAEAA Al F9F 2 7 F o,
2E B Fn METe §% 99 =@ A4tk 1FA(AGGH) Aol
2 AAF ATE B A2 0 729 taEN MaE a2 AAA
AN B HaEN 4E ATE @ & Aok

1) FN : Net Thurst
2) TSFC : Thrust Specific Fuel Consumption
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HE 1. BMT 120 KS M & (17)

Rotational speed [krpml] 120
Thrust [N] 107.3
Pressure Ratio 2.62
Exhaust Gas Temperature[C°] 703
Engine diameter [mm] 107.8
Engine length [mm] 194
Impeller diameter [mm)] 70

Turbine wheel [mm] 70
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DATHE 2D A3 A% 9 dolgs}t Basth 4
AN o BE QAT vlolAR AxE A
A< 725 rH2I]

Moo

O BA
Ambient temperature 288 K
Ambient pressure 101 kPa
Compressor pressure ratio 3.15
Compressor efficiency 81.6%
Turbine efficiency 85%
Combustion efficiency 90%
Combustion pressure loss 1096
Mechanical efficiency 98%
Mass flow 0.288 kg/s
Rotational speed 120000 rpm
Burner exit temperature 984.88 K
Turbine exit duct pressure ratio 0.999
Number of turbine stages 1
Burner pressure ratio 0.90
Compressor intake pressure ratio 1
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