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Overview

what we saw last time:

* ramjets
- ideal cycle analysis
- new expressions for performance metrics: specific thrust

today:
* real ramjet cycle analysis for different components
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Real ramjet performance

We want to remove some of the idealizations in the previous analysis:

inlet/diffuser, combustor and nozzle are no longer reversible
- pressure losses will result
 combustor does not achieve ideal heat release
* some of the fuel is unburned and/or the combustion is “incomplete” (e.g., CO instead of
CO,)
* nozzle not perfectly expanded
 some idealizations maintained:
- no heat losses, c,= constant
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Ramjets

Real ramjet performance: diffuser
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Real ramjet performance 3 \/
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Entropy to get stagnation pressure, use adiabatic efficiency to compare to isentropic case

i.e. real work/isentropic work
or
isentropic enthalpy change/real enthalpy change

recall adiabatic
efficiency form
for compressor
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Real ramjet performance: diffuser

supersonic subsonic Combustor Nozzle
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Real ramjet performance: combustor
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Ramjets
Real ramjet performance: nozzle
supersonic subsonic
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Ramjets

Gr Georgia Tech
A closer look at performance: ideal ramjet
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at higher M, efficiency starts to drop, very inefficient for M > 5

- combustion should occur at subsonic speeds

- entering air must be slowed; happens thanks to shock waves
atinlet

- these shocks will result in important losses

notice overall efficiency a function of:
- Mach number

- heat of reaction

- temperature ratio
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Ramjets

A closer look at performance: ideal ramjet

normal shock oblique shock

p02

ANAN

* ramjets use spikes to reduce shock pressure losses

Po2 s lower without spike due to area of normal shock, i.e. "lower
P,, Sstagnation pressure recovery" or "lower ram recovery"
~

= spike improves ramjet efficiency
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Ramjets
A closer look at performance: real ramjet :
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Real vs ideal ramjet performance
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Ramjets

Scramjet = supersonic-combustion ramjet

NASA X-43: reached record speed of Mach 9.6

* melting of parts at high M avoided with water cooling from M >3
* succeeded in 2006 by X-51 program

Boeing X-51A WaveRider (USAF graphic) Hypersonic Air-breathing Weapons Concept (HAWC)
Mach 5.1 Mach 5
« 210 s powered flight time, 6 min total flight time . s.cram_jet-based hypersonic cruise missile
* longest hypersonic air-breathing flight * first flight September 2021

e final successful test flight: end of Jan 2023 13
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