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MATERIALE DI SUPPORTO FONDAMENTI DI PROPULSIONE 

AERONAUTICA 

 

Thrust 

 

 

𝑇 = (�̇�𝑎 + �̇�𝑓)𝑉𝑒 − �̇�𝑎𝑉0 + (𝑝𝑒 − 𝑝𝑎)𝐴𝑒 

𝑇 ≈ �̇�𝑎(𝑉𝑒 − 𝑉0) + (𝑝𝑒 − 𝑝𝑎)𝐴𝑒 
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Ramjet 

  

P-270 Moskit (left), BrahMos (right) 

Turboramjet 

 

Pratt & Whitney J-58 turbo(ram)jet 
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Scramjet 
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Specific impulse 

𝐼𝑠𝑝 =
𝑇

�̇�𝑝𝑔0
=

𝑉𝑒

𝑔0
   [𝑠]   𝑟𝑜𝑐𝑘𝑒𝑡𝑠            𝐼𝑠𝑝 =

𝑇

�̇�𝑓𝑔0
=

�̇�𝑝

�̇�𝑓

𝑉𝑒 − 𝑉0

𝑔0
   [𝑠]   𝑎𝑖𝑟 𝑏𝑟𝑒𝑎𝑡ℎ𝑖𝑛𝑔 
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Propulsive efficiency 

 

Overall efficiency 

 

Overall efficiency with Mach number 
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Engine bypass ratios 

Engine Name Major applications 
Bypass 

ratio 

turbojet early jet aircraft, Concorde 0.0 

SNECMA M88 Rafale 0.30 

GE F404 F/A-18, T-50, F-117 0.34 

PW F100 F-16, F-15 0.36 

Eurojet EJ200  Typhoon 0.4 

Klimov RD-33 MiG-29, Il-102 0.49 

Saturn AL-31 Su-27, Su-30, J-10 0.59 

Kuznetsov NK-144A Tu-144 0.6 

PW JT8D DC-9, MD-80, 727, 737 Original 0.96 

Soloviev D-20P Tu-124 1.0 

Kuznetsov NK-321 Tu-160 1.4 

GE Honda HF120  HondaJet 2.9 

RR Tay Gulfstream IV, F70, F100 3.1 

GE CF6-50 A300, DC-10-30,Lockheed C-5M Super Galaxy 4.26 

PowerJet SaM146 SSJ 100 4.43 

RR RB211-22B TriStar 4.8 

PW PW4000-94 A300, A310, Boeing 767, Boeing 747-400 4.85 

Progress D-436 Yak-42, Be-200, An-148 4.91 

GE CF6-80C2 A300-600, Boeing 747-400, MD-11, A310 4.97-5.31 

RR Trent 700 A330 5.0 

PW JT9D Boeing 747, Boeing 767, A310, DC-10 5.0 

https://en.wikipedia.org/wiki/Turbojet
https://en.wikipedia.org/wiki/Jet_aircraft
https://en.wikipedia.org/wiki/Concorde
https://en.wikipedia.org/wiki/SNECMA_M88
https://en.wikipedia.org/wiki/Dassault_Rafale
https://en.wikipedia.org/wiki/General_Electric_F404
https://en.wikipedia.org/wiki/McDonnell_Douglas_F/A-18_Hornet
https://en.wikipedia.org/wiki/KAI_T-50_Golden_Eagle
https://en.wikipedia.org/wiki/Lockheed_F-117_Nighthawk
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_F100
https://en.wikipedia.org/wiki/General_Dynamics_F-16_Fighting_Falcon
https://en.wikipedia.org/wiki/McDonnell_Douglas_F-15_Eagle
https://en.wikipedia.org/wiki/Eurojet_EJ200
https://en.wikipedia.org/wiki/Eurofighter_Typhoon
https://en.wikipedia.org/wiki/Klimov_RD-33
https://en.wikipedia.org/wiki/Mikoyan_MiG-29
https://en.wikipedia.org/wiki/Ilyushin_Il-102
https://en.wikipedia.org/wiki/Saturn_AL-31
https://en.wikipedia.org/wiki/Sukhoi_Su-27
https://en.wikipedia.org/wiki/Sukhoi_Su-30
https://en.wikipedia.org/wiki/Chengdu_J-10
https://en.wikipedia.org/wiki/Kuznetsov_NK-144
https://en.wikipedia.org/wiki/Tupolev_Tu-144
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_JT8D
https://en.wikipedia.org/wiki/McDonnell_Douglas_DC-9
https://en.wikipedia.org/wiki/McDonnell_Douglas_MD-80
https://en.wikipedia.org/wiki/Boeing_727
https://en.wikipedia.org/wiki/Boeing_737#Initial_derivatives
https://en.wikipedia.org/wiki/Soloviev_D-20
https://en.wikipedia.org/wiki/Tupolev_Tu-124
https://en.wikipedia.org/wiki/Kuznetsov_NK-321
https://en.wikipedia.org/wiki/Tupolev_Tu-160
https://en.wikipedia.org/wiki/GE_Honda_HF120
https://en.wikipedia.org/wiki/Honda_HA-420_HondaJet
https://en.wikipedia.org/wiki/Rolls-Royce_RB.183_Tay
https://en.wikipedia.org/wiki/Gulfstream_IV
https://en.wikipedia.org/wiki/Fokker_70
https://en.wikipedia.org/wiki/Fokker_100
https://en.wikipedia.org/wiki/General_Electric_CF6
https://en.wikipedia.org/wiki/Airbus_A300
https://en.wikipedia.org/wiki/McDonnell_Douglas_DC-10
https://en.wikipedia.org/wiki/Lockheed_C-5M_Super_Galaxy
https://en.wikipedia.org/wiki/PowerJet_SaM146
https://en.wikipedia.org/wiki/Sukhoi_Superjet_100
https://en.wikipedia.org/wiki/Rolls-Royce_RB211
https://en.wikipedia.org/wiki/Lockheed_L-1011_TriStar
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_PW4000
https://en.wikipedia.org/wiki/Airbus_A300
https://en.wikipedia.org/wiki/Airbus_A310
https://en.wikipedia.org/wiki/Boeing_767
https://en.wikipedia.org/wiki/Boeing_747-400
https://en.wikipedia.org/wiki/Progress_D-436
https://en.wikipedia.org/wiki/Yakovlev_Yak-42
https://en.wikipedia.org/wiki/Beriev_Be-200
https://en.wikipedia.org/wiki/Antonov_An-148
https://en.wikipedia.org/wiki/General_Electric_CF6
https://en.wikipedia.org/wiki/Airbus_A300
https://en.wikipedia.org/wiki/Boeing_747-400
https://en.wikipedia.org/wiki/McDonnell_Douglas_MD-11
https://en.wikipedia.org/wiki/Airbus_A310
https://en.wikipedia.org/wiki/Rolls-Royce_Trent_700
https://en.wikipedia.org/wiki/Airbus_A330
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_JT9D
https://en.wikipedia.org/wiki/Boeing_747
https://en.wikipedia.org/wiki/Boeing_767
https://en.wikipedia.org/wiki/Airbus_A310
https://en.wikipedia.org/wiki/McDonnell_Douglas_DC-10
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Engine Name Major applications 
Bypass 

ratio 

CFM56-7B 737 5.1-5.5 

CFM56-5B A318, A319, A320, A321 5.4-6.0 

Progress D-18T An-124, An-225 5.6 

PW PW2000 757, C-17 5.9 

RR Trent 500 A340-500/600 7.6 

GE TF39 Lockheed C-5 Galaxy 8.0 

Aviadvigatel PD-14 Irkut MC-21 8.5 

RR Trent 900 A380 8.7 

GE GE90 777 8.4-9 

CFM International LEAP-1B 737 MAX 9.0 

RR Trent XWB  A350 9.3 

GE GEnx 747-8, 787 9.6 

GE9X 777X 10.0 

RR Trent 1000 787 10.0 

RR Trent 7000 A330neo 10.0 

CFM International LEAP-1A, 1C Airbus A320neo, COMAC C919 11.0 

PW PW1500G Airbus A220 12.0 

PW PW1100G Airbus A320neo 12.5 

Kuznetsov NK-93 Ilyushin Il-76LL testbed aircraft 16.6 

General Electric GE36 

Boeing 727, McDonnell Douglas MD-

81 testbed aircraft 
35 

PW-Allison 578-DX McDonnell Douglas MD-81 testbed aircraft 56 

https://en.wikipedia.org/wiki/CFM56
https://en.wikipedia.org/wiki/Boeing_737
https://en.wikipedia.org/wiki/CFM56
https://en.wikipedia.org/wiki/Airbus_A318
https://en.wikipedia.org/wiki/Airbus_A319
https://en.wikipedia.org/wiki/Airbus_A320
https://en.wikipedia.org/wiki/Airbus_A321
https://en.wikipedia.org/wiki/Progress_D-18T
https://en.wikipedia.org/wiki/Antonov_An-124_Ruslan
https://en.wikipedia.org/wiki/Antonov_An-225_Mriya
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_PW2000
https://en.wikipedia.org/wiki/Boeing_757
https://en.wikipedia.org/wiki/Boeing_C-17_Globemaster_III
https://en.wikipedia.org/wiki/Rolls-Royce_Trent_500
https://en.wikipedia.org/wiki/A340
https://en.wikipedia.org/wiki/General_Electric_TF39
https://en.wikipedia.org/wiki/Lockheed_C-5_Galaxy
https://en.wikipedia.org/wiki/Aviadvigatel_PD-14
https://en.wikipedia.org/wiki/Irkut_MC-21
https://en.wikipedia.org/wiki/Rolls-Royce_Trent_900
https://en.wikipedia.org/wiki/Airbus_A380
https://en.wikipedia.org/wiki/General_Electric_GE90
https://en.wikipedia.org/wiki/Boeing_777
https://en.wikipedia.org/wiki/CFM_International_LEAP
https://en.wikipedia.org/wiki/Boeing_737_MAX
https://en.wikipedia.org/wiki/Rolls-Royce_Trent_XWB
https://en.wikipedia.org/wiki/Airbus_A350_XWB
https://en.wikipedia.org/wiki/General_Electric_GEnx
https://en.wikipedia.org/wiki/Boeing_747-8
https://en.wikipedia.org/wiki/Boeing_787
https://en.wikipedia.org/wiki/General_Electric_GE9X
https://en.wikipedia.org/wiki/Boeing_777X
https://en.wikipedia.org/wiki/Rolls-Royce_Trent_1000
https://en.wikipedia.org/wiki/Boeing_787
https://en.wikipedia.org/wiki/Rolls-Royce_Trent_7000
https://en.wikipedia.org/wiki/A330neo
https://en.wikipedia.org/wiki/CFM_International_LEAP
https://en.wikipedia.org/wiki/Airbus_A320neo
https://en.wikipedia.org/wiki/COMAC_C919
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_PW1000G
https://en.wikipedia.org/wiki/Airbus_A220
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_PW1000G
https://en.wikipedia.org/wiki/Airbus_A320neo
https://en.wikipedia.org/wiki/Kuznetsov_NK-93
https://en.wikipedia.org/wiki/Ilyushin_Il-76
https://en.wikipedia.org/wiki/General_Electric_GE36
https://en.wikipedia.org/wiki/Boeing_727
https://en.wikipedia.org/wiki/McDonnell_Douglas_MD-81
https://en.wikipedia.org/wiki/McDonnell_Douglas_MD-81
https://en.wikipedia.org/wiki/PW-Allison_578-DX
https://en.wikipedia.org/wiki/McDonnell_Douglas_MD-81
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Engine Name Major applications 
Bypass 

ratio 

PWC PT6 / PWC 

PW100 turboprops[3] 
Super King Air / ATR 72 50-60 

 

Thrust coefficient 

𝐶𝐹 =
𝑇

𝑝𝑐𝐴𝑡
=

�̇�𝑉𝑒 + (𝑝𝑒 − 𝑝𝑎)𝐴𝑒

𝑝𝑐𝐴𝑡
 

𝑇 = 𝑝𝑐𝐴𝑡𝐶𝐹 = �̇�𝑐∗𝐶𝐹              𝑐∗ = 𝑐∗(𝑅𝑇0, 𝑘) 

𝐶𝐹 = √
2

𝑘 − 1
(

2

𝑘 + 1
) [1 − (

𝑝𝑒

𝑝𝑐
)

(𝑘−1)/𝑘

] +
𝑝𝑒 − 𝑝𝑎

𝑝𝑐

𝐴𝑒

𝐴𝑡
 

 

 

 

 

https://en.wikipedia.org/wiki/Pratt_%26_Whitney_Canada_PT6
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_Canada_PW100
https://en.wikipedia.org/wiki/Pratt_%26_Whitney_Canada_PW100
https://en.wikipedia.org/wiki/Bypass_ratio#cite_note-Spak-3
https://en.wikipedia.org/wiki/Beechcraft_Super_King_Air
https://en.wikipedia.org/wiki/ATR_72
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Otto cycle 
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Supercharger 

 

Turbocharger 
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Supercharged Vought F4U Corsair 

 

 

Turbocharged Republic P-47 Thunderbolt 
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Supercharging and Turbocharging 
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Chemical power boost 

 

Focke-Wulf Ta 152 with GM-1 and MW 50 
 

Cooling 

 

Air cooling 
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Liquid cooling 

 

 

Liquid-cooled Packard V-1650 (Rolls-Royce) Merlin on North American P-51 Mustang 
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Take-off thrust 

𝑇 ≈ �̇�𝑎(𝑉𝑒 − 𝑉0) = �̇�𝑎𝑉𝑒     𝑓𝑜𝑟    𝑉0 = 0 

𝜂𝑇 = 0.5�̇�𝑎𝑉𝑒
2 �̇�𝑓ℎ𝑃𝑅⁄       𝑓𝑜𝑟    𝑉0 = 0    

𝑇 ≈ 2𝜂𝑇�̇�𝑓ℎ𝑃𝑅 𝑉𝑒⁄       𝑓𝑜𝑟    𝑉0 = 0 

 

 

Allison T-56 turboprop of Lockheed C-130 

 

Lockheed C-130 take-off from USS Forrestal aircraft carrier 
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Reverse 

https://en.wikipedia.org/wiki/Thrust_reversal 
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Fokker F70 with reverse in action 
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Boeing 747-400 with reverse in action 

 

Airbus A340-313 with reverse in action 

 

https://www.youtube.com/watch?v=TUZ_j83R-ug 

https://www.youtube.com/watch?v=GNRXAHasFvk 

https://www.youtube.com/watch?v=HYwFlM3HMuQ 

https://www.youtube.com/watch?v=DodKUmJEnbY 

https://www.youtube.com/watch?v=qO56u6-AE3A 

 

 

https://www.youtube.com/watch?v=TUZ_j83R-ug
https://www.youtube.com/watch?v=GNRXAHasFvk
https://www.youtube.com/watch?v=HYwFlM3HMuQ
https://www.youtube.com/watch?v=DodKUmJEnbY
https://www.youtube.com/watch?v=qO56u6-AE3A
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Brayton-Joule cycle with Regeneration 

 

 
 

 

Capstone C65 (65 kW) Microturbine 


