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Abstract

The formationof NOx in hydrogen-fueledpulsedetona-
tion engines(PDE) is investigatednumericallyand experi-
mentally. The computationsarebasedon the axisymmetric
Eulerequationsanda detailedcombustionmodelconsisting
of 12-speciesand 27 reactions.A multi-level, dynamically
adaptive grid is utilized in order to resolve the structureof
the detonationfront. ComputedNO concentrationswere in
good agreementwith experimentalmeasurementsobtained
at two operating frequenciesand two equivalenceratios.
Additional computationsstudied in detail the effects of
equivalenceratio and residencetime on NOx formation at
ambientconditions.TheresultsindicatethatNOx formation
in PDEsis minimized by operatingwith lean or rich mix-
tures,andby utilizing theshortestpossibledetonationtubes.
NOx emissionsfor very leanor very rich mixturesarefairly
insensitive to residencetime. Operationof the PDE at near
stoichiometricequivalenceratios resultsin very high NOx
levels. However, the NOx emission parameterdecreases
greatlyfor leanor rich mixturesreachingvaluescomparable
to those obtained with current gas turbine engines.

Nomenclature

CL lift coefficient
CD drag coefficient
EI emission index (g/kg-fuel)

g acceleration of gravity (m/s2)
Isp specific impulse (s)
L length
mi initial vehicle mass
mf fuel mass
mnox total mass of NOx
ns number of species
p pressure
R range

sfc specific fuel consumption
T temperature or period
t time
t1 detonation wave residence time (see Fig.9)
V flight velocity
Wi initial vehicle weight
x axial distance

Greek Symbols

Π0 engine pressure ratio at takeoff
φ equivalence ratio
φe engine installation drag
Ψ emission parameter (g/kN-hr.)

Subscripts

a ambient
c charge
driv driver gas
t tube
0 initial conditions in the detonation tube

1. Introduction

Pulse detonation combustors have the potential to
improve the fuel efficiency of gas turbine enginesdue to
theirhigherthermodynamicefficiency relative to theconven-
tional near-constantpressurecombustors.TheNASA Glenn
ResearchCenteris currently investigating hybrid Constant
Volume Combustion Cycle Engine (CVCCE) conceptsin
which detonative (or neardetonative) combustion replaces
constant pressure combustion.

The useof a pulsedetonation(or neardetonation)com-
bustor in a gas turbine engine posesnumeroustechnical
challengesincluding combustor/turbinecompatibility and
combustorcoolinganddurability issues.Reliablydetonating
at hundredsof cycles per secondefficiently in a compact
device is a technicalchallengein itself. However, not only
must reliable, repetitive detonationsbe obtained,the com-
bustorsystemmustmeetthe additionalconstraintsimposed
by restrictionson the emissionsof nitrogenoxidesandpar-
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