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Abstract

The formationof NOx in hydrogen-fuelegulsedetona-
tion engines(PDE) is investigated numerically and experi-
mentally The computationsare basedon the axisymmetric
Euler equationsanda detailedcomhustionmodelconsisting
of 12-speciesand 27 reactions. A multi-level, dynamically
adaptve grid is utilized in orderto resole the structureof
the detonationfront. ComputedNO concentrationsverein
good agreementvith experimentalmeasurementsbtained
at two operatingfrequenciesand two equialenceratios.
Additional computationsstudied in detail the effects of
equivalenceratio and residencetime on NOx formation at
ambientconditions.The resultsindicatethat NOx formation
in PDEsis minimized by operatingwith lean or rich mix-
tures,andby utilizing the shortesipossibledetonatiortubes.
NOx emissiondor very leanor very rich mixturesarefairly
insensitve to residenceime. Operationof the PDE at near
stoichiometricequivalenceratios resultsin very high NOx
levels. However, the NOx emission parameterdecreases
greatlyfor leanor rich mixturesreachingvaluescomparable
to those obtained with curreragturbine engines.

Nomenclature

C. lift coefficient

Cp drag codficient

El emission inde (g/kg-fuel)
g acceleration of graty (m/sz)
Isp specific impulse (s)

L length

m initial vehicle mass

m fuel mass

Mhox total mass of NOx

Ng number of species

p pressure

R range
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T Senior Scientist. Member AIAA.
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sfc specific fuel consumption
T temperature or period

t time

tq detonation wave residence time (see FR).
\% flight velocity

W initial vehicle weight

X axial distance

Greek Symbols

My engine pressure ratio at &
(0] equivalence ratio
(08 engine installation drag
W emission parameter (g/kN-hr
Subscripts
a ambient
chage
driv driver gas
tube
0 initial conditions in the detonation tube

1. Introduction

Pulse detonation comhustors have the potential to
improve the fuel efficiency of gas turbine enginesdue to
their higherthermodynamiefficiency relative to thecorven-
tional nearconstantpressurecomhustors.The NASA Glenn
ResearchCenteris currently investigating hybrid Constant
Volume Combustion Cycle Engine (CVCCE) conceptsin
which detonatve (or neardetonatve) comhustion replaces
constant pressure coomtion.

The useof a pulsedetonation(or neardetonation)}com-
bustor in a gas turbine engine posesnumeroustechnical
challengesincluding comhustor/turbine compatibility and
comhustorcoolinganddurability issuesReliably detonating
at hundredsof cycles per secondefficiently in a compact
device is a technicalchallengein itself. However, not only
must reliable, repetitive detonationsbe obtained,the com-
bustor systemmustmeetthe additionalconstraintsmposed
by restrictionson the emissionsof nitrogenoxidesand par-
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