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1 Introduction

Pulse detonation engine (PDE) has attracted massarehers and engineers' eyes due to the
very high thermal efficiency brought from the natusf the constant-volume combustion of the
detonation. For the practical concern, the oxidimerd by the PDE should be air from the atmosphere
but not the pure oxygen from the PDE itself. TBi®&cause the burning with pure oxygen will reduce
the overall Ispl]. However, detonation is more like to be generaéteturning with the pure oxygen.

In view of this, one of the most popular designshef PDE is proposed with the concept of the 'pre-
detonator'. The pre-detonator has the much snsflerthan the PDE combustor and is mounted at the
head end of the main combustor. In the smaller bleanthe oxygen and fuel is filled in order to
generate the detonation easily and fast until theewenters the main combustor so that the detonatio
in the main combustor is 'ignited' at the headhi@ beginning. This concept can save much more
oxygen carried by the PDE. Unfortunately, this siféhe pre-detonator can not be reduced to ad smal
as possible. This is due to the diffraction problem

Many researches had explored the field of the @eiom diffraction, and one of the most popular
criteria is that the smallest detonation tube di@mehere a abrupt area change sited is thirt@eesti
of the detonation cell width2][3]. An entering over-driven detonation can modify th#fraction
situation therefore the limiting tube diameter tenfurther reduce!]. And also, the cell sizes will
become smaller as the degree of overdriven incréddéseever, these thumbs of rules can only be
applied to the detonation chamber with one kinagnofture because one critical diameter is for one
specific mixture. Several researches are also eduftor the detonation transmission from high
sensitive mixture to low sensitive ofig or use this kind of technique to generate a deilmmatave
for a low sensitive mixtur&]. Our previous study also showed the advantagele \etiing the over-
driven detonation transmit to another mixtur@. Some experiments also use the high sensitive
mixture in smaller tube to investigate the ignitimindetonation of the less sensitive mixtiB#9]. In
the Schultz’'s work, a propane/oxygen CJ detonafiem the small tube (38mm) transmit to
propane/oxygen/nitrogen mixture, and they found thasuch case, the successful transmission can
not be obtained until the oxygen fraction of aicess to 57%. Although the critical condition is
sensitive to geometry of the donor, at some camati the geometry of the acceptor will influence th
diffraction behavior, such as re-ignition and Maefection from the wal[10]. In view of this, it is
interesting to see what the benefit that it candto help the diffraction be successful on thee¢hat
the overdriven detonation from a small tube tratsmai little larger tubes.
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In this study, we would like investigate the proptaon behavior of the over-driven detonation
transmitting through the interface of the mixtui@rying and area changing in a small d/d circular
tubes system. For mixture varying, the donor sadsdfilled with fuel rich propane/oxygen mixture
whereas the propane/oxygen/nitrogen mixture filfethe acceptor. Further, we also find the limiting
condition for successful transmission of the detiona

2 Experiment set-up

In the the experiment, the 25.4mm (i.d.) tube dersor is connected to the 50.8mm (i.d.) tube as
a acceptor. For the considering of changing theege@f overdriven, the donor is assembled by
several rings whose length is also the inner diamatorder to make the tube length variable. Pmepa
oxygen and nitrogen are filling in the tubes sefgdyaand controlled by the method of partial pressu
The definition of nitrogen dilution in this paper the ratio of nitrogen to the sum of the dilutamd
oxidant (i.e. nitrogen and oxygen). It is convehiencompare with the composition of the air whose
dilution of nitrogen is 79%. To ensure the homodggnef the mixtures, two circulation pumps
circulate the mixtures in the donor and acceptspectively. An electric spark is installed at émel
of the donor. The 30n thickness Mylar is used to separate the donan filoe acceptor. For the
reasons of reducing the delay behavior of the Mglaphragm when the detonation transmit across it
[11], the thickness of the Mylar is prefer as thin assible. However, the strength problems will
occur in the filling process as the Mylar becomaribr. Due to the previous works, this thickness is
appropriate for the experiment. For the abrupt egjmm case, a special geometry near the interface i
shown in theFig.1 and its purpose is to make sure that the interéiicension of the detonation
transmission is exactly the size of the donor. Adcw to the author's experience, the broken slice
the Mylar after one shot will entirely the sizetbé acceptor (i.e. 50.8mm) without this geometny. |
other words, the detonation transmission will Hluanced by the Mylar even more.

Pressure transducers are used for monitoring thre welocity and movement. Two pressure
transducers and one ion probe is installed attdi®s near the exit of the acceptor and used tiblgo
check the onset of the detonation. Soot foils @ ased to investigate the behavior of the detonat
transmission and diffraction. The soot foils aredmaf aluminum plate (590nx120mm) and scrolled
in the acceptor.

3 Results and discussion

The equivalence ratio of the donor in this studyaisging from 1.4~1.8 because the minimum
DDT induction distance is observed in the fuel-niahge in the previous studi2]. The selection of
the acceptor mixture is slightly fuel-rich becatise critical energy is also near the valley of Yhe
shape critical energy curve around the slight figi-[13]. In Fig.2, two velocity determined by the
three pressure transducers indicate the processebtife development of the overdriven. When the
overdriven detonation enters the diaphragm, theewalocity decreases about two factors and then
accelerates to the CJ state. It is noticed heretleanon-dimensional velocity at the diaphragm is
defined by the average of the two CJ velocitiesoAldue to the delay time while wave passing
through the diaphragm, this value is not analyzethé present study. In the case of 60% dilution of
the nitrogen, the detonation transmission is swfaks all runs. However, there are three mainly
modes of detonation transmission. The first is thpidly onset of the over-driven detonation
measured by two pressure transducer behind thérdigm. The second mode is that the incident
wave accelerates to slight overdriven detonationmewdhe third mode indicate the incident wave
propagate for a while and then transit to CJ detondy a possible local explosion. This process ca
be observed by the pressure time trace plot showlmei-ig.3. The pressure trace of A3 in the C mode
is found with a overshooting behind the incideracdhwave. After the A3 signal, the wave velocity
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climbs to CJ state. When the dilution is increasm@7.5%, the detonation transmission seems to be
unstable, and the failure of detonation occursnfthe experiment results, we can know that the
successful detonation transmission never occurg whe dilution increases to 70%ig.4 shows the
variation of degree of overdriven at different ldngf donors in the range from 50% to 30% nitrogen
dilution. It can be seen that the longer donor terdawer degree of over-driven whereas the short
donor create wide range of overdriven degree. iBhi®ssibly that the shorter length is much clase t
the induction distance of DDT. Generally, the degoé overdriven in the acceptor increase with the
increasing of degree in the donor. Some data &yantthe trend are the cases of lower dilutiorthie
lower dilution case, the low overdriven degree emexate very high overdriven.

The detonation diffraction through the mixture nféiee is not a common problem comparison to
the continuous mixture. This is possibly due to deday problem coming from the material of the
diaphragm and the interface of the two mixturesdifferent sensitivity. A typical super-critical
diffraction is a continuous transmission of det@atin the other way, the critical case descrithes
decoupling of shock wave and reaction front. Tigta temporal break-down of the detonation
transmission will occur before the re-ignition happ somewhere. A temporal situation also occurs in
the case of having diaphragm and mixture interféeahis study, although the Mylar thickness is
chosen as thin as possible, the delay problempéiiyls some roles on the transmission. In the tesul
of the soot foil, we observe by the soot foil tleaihtinuous propagation does not occur even the
dilution of nitrogen is 26%. The soot foil is shownthe Fig.5, the saw-toothed wave front explains
the highly multi-dimensional structure of detonatidiffraction especially in a highly confine space.
(i.e. the acceptor dimension is twice about theodatimension). This wave front is composed of
reflected shock wave and trace of triple point. Sieilar results are also shown in the papér The
study discovers that the overdriven detonation atrstart from the point of two triple point lineh&
phenomena can be explained by the similarly ofr¢hignition process at the end of a detonation cell
In the highly oxygen-rich case, the starting poiséem to be many but not only one. So there are
several overdriven detonation strips and they @asden by the very small detonation cells in these
strips. The characteristic feature of nose shapsuisd at the highly dilution case. This can bensee
theFig.5 and the nose shape become flat as the dilutimtieasing. Although the nose becomes flat,
the smallest cells are still located in the apexthaf nose. Because the re-ignition point can be
identified so the length of the pre-detonation bardefined. Besides, the length of the pre-detonati
is also an important parameter of designing the .PDie shorter the pre-detonation length, the
volume of the combustor wasted less. InFig6, the pre-detonation length increase with the géro
dilution and the higher overdriven degree has shqmte-length than the lower overdriven degree.

4 Concluding remark

This work performs the experimental study of theodation transmission across the mixture and
the interface of the abrupt area change in a higbhfined acceptor. Results show that the overdrive
detonation can induce higher transmitted overdrietonation. The limiting nitrogen dilution is atou
67.5%. Three transmission modes are mainly disdusBbe first mode is that the transmission
detonation via a highly overdriven detonation. Beeond mode is that the overdriven degree is much
slight and accelerates to CJ state and the overdidelay to occur in the third mode. The soot foils
show good structures of the detonation transmisaiahthe pre-detonation length is also defined to
plot with the dilution of nitrogen.
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Figure 1. Replaceable tube components for 1" to 2'
1-donor section, 2-acceptor section, 3-sensorfOB(pressure transducer), 4188 Mylar diaphram

2 \ 25 :
Acceptor: ER=1.2, 60% N dilution Acceptor: ER=1.2, 67.5% N2 dilution
2 —+— Dov=1.22 12 —=— Dov=L21
S —6— Dov=119 © —&— Do=162
?O_, —A— Dov=L14 % 2r —8— Dov=1.06 7
o 15F x Dovel.12 4 ¢ —A— Dov=1.42
[ CJ velocity ) —B— Dov=0.98
5 é Dov=1.23
s s 15 CJ velocity -
K] <
e 1 -
2 k)
2] 7} 1--———--= -
= c
[ 5]
£ £
5 05 - 5
c c 05 Bl
=] o
z =z
0 1 1 L 1 1 0 1 1 1 L 1
-0.08 -0.04 0 0.04 0.08 0.12 -0.08 -0.04 0 0.04 0.08 0.12

Location from the diaphragm, m

Location from the diaphragm, m

Figure 2. Non-dimensional wave velocity to the tomafrom the diaphragm
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Figure 3. Pressure trace at three different trassion modes
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Figure 4. Variation of degree of overdriven in guioe with different length of donors
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Figure 5. Soot foil results: (a) 25% dilution ofrogen, ER=1.2 (b) 50% dilution of nitrogen, ER=1c260%
dilution of nitrogen, ER=1.2
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Figure 6. The relations between pre-detonationtteagd dilution of nitrogen
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