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Air Breathing Engine

Non-Air Breathing Engine

(Using atm air to produced Power)

Jet Engines Reciprocating Engines
(Propulsive thrust is produced by jet)

Gas Turbine Engine
(Available moving parts like (No moving part
Compressor and Turbine

Non-Gas Turbine Engine

‘Presents of Fuel and absents of Air

instead of Air + Oxidizer. Hypersonic
vehicles, Operating Mach No : 15 to 20

Rocket Engine
(No moving parts)

Scramjet Pulsejet

Turbofan

Turboprop

Turbojet

Turbo-shaft
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Q, = m(h3 _ h2> Combustion is replaced with a

heat transfer
Qin
== 1
Combustor
9, 3 .
. e, | | | = W :m(h h )
o g = t 3 4
| ] . _ _
:‘ mpressp;IL : Turbine : Wnet =0 Wt —WC
1 - | - |
- 15 v o i e e e
F»/{ Air is the working | |
—{>: Diffuser | fluid throughout the [ Nozzle lf—(>
(N complete cycle o= -
V<V, : 5 V, <V,

V32

o= hy
1 =t 5 0= Q’SV Wﬂ+m[(h4—h5)+(vz J—Fg(zﬁl/}zs)}

Vs = 204 - hs)




Propulsive Force (Thrust)

F= (’hv)exil - (mV) inlet — ’iz(vexit - Vinle[)

In this equation, the velocities are

relative to the aircraft (engine). For

an aircraft traveling in still air,

Vv

aircraft

:Vin :Va

Propulsive Power

The power developed from the
thrust of the engine

WP =F Vaircraft = I:'-?’(I’Iv&::&il - Vinlel)v

aircraft

Propulsive power W,
np= =

Energy input rate 0.

mn
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Piston engine: intermittent operation
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Turbojet Engine
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Air Intake Combustion Exhaust
Chamber Nozzle
TURBOJET ENGINE
‘ Direction of Flight Cafbiiatcn

Six-Stage Compressor

e Two-Stage
Turbine
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Compr Turbine ‘\1
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(a) Single spool turbojet engine : Matching spool : Compr-Turbine LPC 12

(b) Two spool turbojet engine : Matching spool-1: LPC-LPT

Matching spool-2 : HPC-HPT
Specifications Units Values
Ambient temperature K 288.15
Ambient pressure kPa 101.325
Air mass flow (m,) kg/s 2.49
Fuel mass flow (my) kg/s 0.0387
Thrust (z,e) kN 1.36
Overall pressure ratio (i) - 3.4
Turbine inlet temperature K 1050
Combustor pressure ratio — 0.967

Aygun, H., 2024. Thermodynamic and environmental considerations of small turbojet engine under different
design variables. Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, 46(1), pp.820-838.
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Turbofan Engine

Exhaust
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Fan compressor turbine

High-pressure

Combustion
Chamber

Air Intake Bypass Air
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shaft turbine
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https://commons.wikimedia.org/wiki/File:Turbofan_operation_(lbp).png?uselang=fa
https://commons.wikimedia.org/wiki/File:Turbofan_operation_(lbp).png?uselang=fa
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Fan

Specifications Units Values
Ambient temperature K 288.15
Ambient pressure kPa 101.325
Air mass flow (Mg core) kg/s 129.01
Fuel mass flow (my) kg/s 2.65
Thrust (zne) kN 260
Overall pressure ratio (z.) — 32.8
Turbine inlet temperature K 1522
Combustor pressure ratio - 0.959

Aygun, H. and Turan, O., 2021. Entropy, energy and exergy for measuring PW4000 turbofan
sustainability. International Journal of Turbo & Jet-Engines, 38(4), pp.397-409.
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Cold Jet
- HP
HP urbine
Compressor.
Iuterme%
Spool .y
A e 1 I F o
LP
Spool HP Spool
LP ntermedia
Fan pressure — LP
- Intermediate
Compressor ;
Pressure Turbines
Turbine

2-spool engine matching - spool 1 - Fan + LPC + LPT,

spool 2 - HPC + HPT
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Turboprop Engine

Gear Box Compressor Turbine
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Propeller §§ Air Intake Combustion Exhaust
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Gearbox Compressor Turbine Exhaust

C—— > Shaft Combustion
chamber
—— —>



Iy 959 yeie0

B
s E
< il A
@ \ ‘3':
i L— > A
O ] T » 3
| -
l Ccm;us'.or g\‘]
K Compressors Turbines
Propeller
Specifications Units Values
Ambient temperature K 288.15
Ambient pressure kPa 101.325
Air mass flow (mg) kg/s 17.2
Fuel mass flow (n117) kg/s 0.2744
Thrust (zne) kN 49.85
Overall pressure ratio () — 16.5
Turbine inlet temperature K 1280
Combustor pressure ratio - 0.969

Sohret, Y., Kincay, O. and Karakog, T.H., 2015. Combustion efficiency analysis and key emission
parameters of a turboprop engine at various loads. Journal of the Energy Institute, 88(4), pp.490-499.

\v




Sl 99 )95 ygd g0

Turboshaft Engine

Compressor Turbine

Power Shaft A . ) o e s
Ly 53,5 wils Caz oy oly ST U
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Air Intake Combustion Exhaust Compressor
Chamber Nozzle Compressor turbine Exhaust

Combustion Free (power) Power
chamber turbine shaft
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Combustor
Compressor Gas turbine
Power turbine
Specifications Units Values
Ambient temperature K 288.15
Ambient pressure kPa 101.325
Air mass flow (mg) kg/s 8.4149
Fuel mass flow (my) kg/s 0.1514
Shaft power (Pshﬂfr) kw 1772
Overall pressure ratio () — 9.5
Turbine inlet temperature K 1250
Combustor pressure ratio — 0.97

Aygun, H., 2022. Thermodynamic, environmental and sustainability calculations of a conceptual

turboshaft engine under several power settings. Energy, 245, p.123251.
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(b) Turboprop ehgine

(d) Turbojet engine
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Air Breathing Engine

Non-Air Breathing Engine

(Using atm air to produced Power)

Jet Engines Reciprocating Engines
(Propulsive thrust is produced by jet)

Gas Turbine Engine
(Available moving parts like (No moving part
Compressor and Turbine

Non-Gas Turbine Engine

‘Presents of Fuel and absents of Air

instead of Air + Oxidizer. Hypersonic
vehicles, Operating Mach No : 15 to 20

Rocket Engine
(No moving parts)

Scramjet Pulsejet

Turbofan

Turboprop

Turbojet

Turbo-shaft
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Engine Type by Approximate Mach Number

Scramjets
Turbofan/ Turbojets 6<M<?
0<M<35

Mach 1 Mad'l3| Mach S Mach 7 Mach 9 Mach 11
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Engine
nozzle Fuel spray bar

.
plziac:f S > !'Iigh speed
turbojet o~ Secondary combustion :let exhaust

Primary _
exhaust jet Injectors

The principle of an afterburner is relatively simple: Inject

and ignite large quantities of fuel in the tailpipe to

generate large amounts of extra thrust.

Inlet Fuel injection Nozzle

Flame holder  (M=1)

A ramjet is a straightforward air-
breathing jet engine with no rotating or
Compression Combustion Exhaust moving parts, much like an afterburner.

(M<1) chamber (M>1)
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to a higher temperature which provides a higher nozzle exit velocity b Gowim Crond 0
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The turbine exhaust is already hot. The afterburner reheats this exhaust é
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afterburner duct

Eads Turbojet with Afterburner
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Burner Type
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Burner Type

FLAME TUBE COMBUSTION
OUTER CASING

GUIDE VANES

COMBUSTION INNER
CASING

FUEL MANIFOLD

COMPRESSOR CASING DILUTION
MOUNTING FLANGE AIR HOLES
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RERERE When you study so much about jet engine!
.. #fcrazyengineer

Jet engine+Bicycle= Jetbicycle
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Engine Casings Static Assembly

COMPRESSOR
OUTER
CASINGS

FRONT
BULLET AND
SUPPORT
VANES

Rotating Assembly
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NOZZLE

COMBUSTION GUIDE

STATOR IINNER AND COMBUSTION VANES
VANES OUTER CASINGS FLAME TUBE (NGV’S)
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AND
SUPPORT
VANES

SUPPORT
BEARINGS

T

TYPICAL COMPRE SSOR SHAFT TURBINE TYPICAL
COMPRE SSOR BLADES ASSEMBLY BLADES TURBINE
DISC DISC
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Ball Thrust Flange Sleeve Journal Magnetic Air Hydrostatic Hydrodynamic
Bearing = Bearing Bearing Bearing Bearing  Bearing Bearing Bearing Bearing Bearing

£) X B €

Flexure Kingpin Tripod Cartridge Insert Radial Roller Miniature Ball Needle Thrust Precision Ball
Bearing  Bearing Bearing Bearing Bearing Bearing Bearing Bearing Bearing

g 9 § Q

CammFollower Linear Ball Linéér Roller PlainThrust Tapered Roller Spheribal Roller Needle Roller Pillow Block
Bearing Bearing Bearing Bearing Bearing Bearing Bearing Bearing
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thrust bearing

= =P
angular contact ball bearing  needle roller bearing

Bealring
Sliding Contact Bearing Rolling Contact
OR OR
Plain Bearing Antifriction Bearing
| g |
Full Journal Partial Journal  Thrust Ball °  Roller
Bearing Bearing Bearing Bearing Bearing
2 |
l
~ Simple Ball Deep Groove Ball - Thrust Ball
0 ~ Bearing Bearing Bearing
bomor .7 < & | l \
o< Roller Thrust Cylindrical Roller Taper Roller
RDitw N gt Bearing Bearing . Bearing
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| Bearings for rotary motion appécations |

Journal bearings Rolling bearings
r | l |
Metallic Nonmetallic Metailic Nonmetallic
| | |
| |
Loading Loading
| |
[ | [ | |
Axial Radial Axial Radial Combined
\
E © =
| l
Rolling element Rolling element
Configuration
| Ball Roller Ball Roller
l | ospynse psves
| |
Solid bushing Split bushing sedf-aligring C] Taper sefl-algring C] Taper
I |
Lubrication or support Rolling element
|
| | | | | | |
Boundary lubricated  Mixed film Hydrodynamic  Hydrostatic Magnetic G, o Negdle
ohad [ Jcyinsicn —
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Deep Angular | Cylindrical | Needle | Tapered Self- Thrust ball §
Bearings types | groove ball |contact ball|  roller roller roller aligning | bearings 3
bearings | bearings | bearings | bearings | bearings roller )
bearings A
N
o m— o\
o | o O 8| =S| K )
Characteristics
Load carrying capacity
A A
’ Radial load \ . :
| -
- L))
Axial load
High speed rotation ®| vr+rvrvr | o vrvrsr | Arvrvrsr |vrorsr | wowrsr | ¥
Low noise/vibration e seirsrsy I e v T
Low friction torque ] e ey sy v
High rigidity . Tr i
Allowable misalignment |
for inner/outer rings® | -~ N *
Non-separable or separab!e' O O )

1 The number of stars indicates the degree 1o which that bearing type displays that particular characteristic.
% Not applicable to that bearing type.

© CIndicates both inner ring and outer ring are detachable.
Byl i oKl © Some cylindrical roller bearings with rib can bear an axial load.
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Deep Groove Ball Bearing Dimensions
Model ID | OD [Thick| | Model ID | OD |Thick|| Model | ID | OD |Thick
6000 | 10 | 26 | s 6200 | 10 | 30 | 9 6300 | 10 | 35 | 11 S
6001 | 12 | 28 | 8 6200 | 12 | 32 | 10 |[ 6301 | 12 | 37 | 12 Bearing designation| Boundayy cimension
6002 | 15 | 32 | 9 6202 | 15 | 35 | 11 6302 | 15 | 42 | 13 Eitiiara d D B
6008 | 17 | 35 | 10 6203 | 17 | 40 | 12 6303 | 17 | 47 | 14
6004 | 20 | 42 | 12 6204 | 20 | a7 | 14 6304 | 20 | 52 | 15 62062z 30 62 16
6005 | 25 | 47 | 12 6206 | 25 | 52 | 15 6305 | 25 | 62 | 17
6006 | 30 | 55 | 13 6206 | 30 | 62 | 16 6306 | 30 | 72 [ 19
6007 | 35 | 62 | 14 6207 | 35 | 72 | 17 6307 | 35 | 80 | 21
6008 | 40 | 68 | 15 6208 | 40 | 80 | 18 6308 | 40 | 90 | 23
6009 | 45 | 75 | 16 6209 | 45 | 85 | 19 6309 | 45 | 100 | 25
6010 | 50 | 80 | 16 6210 | 50 | 90 | 20 6310 | 50 | 110 | 27
6011 | 35 | 90 | 18 6211 | 55 | 100 | 21 6811 | 55 | 120 | 29
6012 | 60 | 95 | 18 6212 | 60 | 110 | 22 6312 | 60 | 130 | 31
6013 | 65 | 100 | 18 6213 | 65 | 120 | 23 6313 | 65 | 140 | 35
6014 | 70 | 110 | 20 6214 | 70 | 125 | 24 6314 | 70 | 150 | 37
6015_| 75 | 115 | 20 6215_| 75 | 130 | 25 6315 | 75 | 160 | 37
G 6016 | 80 [ 125 [ 22 6216 | 80 | 140 | 26 || 6816 | 80 | 170 | 39
EATAD ! T
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