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Saitama University

Founded by Japanese Government at 1949 in Urawa,
Saitama

5 Faculties (Culture, Education, Economics, Science and
Engineering)

8,000 undergraduate students, 1,000 graduate students

Foreign students; 170 undergraduates, 280 graduates

From Indonesia, only 2 graduate students(2012)

of 1l
R |

-

http:/ /www.saitama-u.ac.jp/en/index.html

What is a Detonation?

Premixed Combustion
L]
® Spark Ignition Engine
® Bunsen Burner
® Detonation

Diffusive Combustion (Non premixed combustion)
L]
L]

What is a Detonation?

It is a combustion wave.

It propagates through combustible mixtures like
hydrogen/air.

It propagates at a velocity 2000-3000 m/s, i.e.,
supersonic velocity.

It consists of a shock wave and a combustion wave.

It compresses a medium 10 to 20 times a initial
pressure.
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Detonation Wave
= Shock Wave + Combustion
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Supersonic Propagation Velocity

Processes of
Pulse Detonation Engine
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Detonation wave

courtesy of Dr. Sakurai

Specific Impulse of Various
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First Experimental Study

Fig. 9 Cyclic detonation tube
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Studies in Japan
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Hiroshima University; Prof. Takuma Endo
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First PDE of
Saitama University

(2005)

Schematics of
Experimental PDE

Time Sequence of a Cycle

S:Solenoid Valve
Ig:Ignition Plug

Dump Tank

PT |lon Probe
PT:Pressure
- Transducer

Schellkin spiral coil

Inside view of detonation tube
igital

Oscilloscope

‘ 1 cycle
Purgi Fuel
urgng [njection . .
Time : 7, Ignition | Combustion
—— | Delay |and
- Time | Exhaust
H
Air
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Experimental Condition

Fuel/Oxidizer H2/Air
Initial Pressure Atmospheric Pressure
H2/Air Injection Time 13 11 a
[ms]
H2/Air Injection Volume 820 700 700
[eel
Equivalence Ratio : ¢ 25 | 13~35 20~35

Ignition Delay Time :

Tig 0.1

Ignition Position [mm] 150

Purging Time [ms] : Tpu 1.9~12.9 1.9~14.9

Outlet of PDE




Pressure Profile on the Wall

20 Hz 5th cycle

L z =13 ms 4
inj

z_=3.9 ms
pu

Non-dimentional Pressure[5/div]

Time[0.5ms/div]
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Pressure Profile on the Wall

20 Hz 5th cycle

Non-dimentional Pressure[5/div]

Time[0.5 ms/div]

Impulse on Thrust Wall

WImpulse[Ns]; /=S/cycle?&p(8)dt @Specific Impulse[s];
Nsp,f=1/micycle fg

Comparison with Theory
H,-Air (¢=1, py=101 kPa)

I[Ns] Iy [8] Ispr [8]

Experiment 0.493 104.7 1965

Nicholls Theory 0.266 65.1 2511

Shepherd Theory | 0.633 155.0 5980

1D Numerical 0.669 132.6 6320

Wy, Thrust Wall Pressure[Pa]@t, time[s]@S5} éros —sectional/Aveaof the Tube[m1Z,|@m |
230 3
g * 02 _E
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’ lapsa o fom giton sl
Thermodynamic Cycles of
Pulse Detonation Turbine Engine
[ [ Detonation
i " Humphrey S
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Two CYLINDER PULSE
DETONATION TURBINE ENGINE

'.m

Exhaust nozzle

FUEL : HYDROGEN
OXIDIZER : AIR
PURGE GAS : AIR
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USED TURBO-CHARGERS

THANKS FOR MOTOHIDE MURAYAMA (THI)
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Turbine Inlet Pressure and
Rotation Speed

f=100 Hz, ER=2.01, FF=0.943 | 6=0.007

P,

about 2600 RPM

Non-dimensional pressure

[§<01 x Y] paads uoneior aurqany

Time [ms]

Turbine Output
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PDTE of
Hiroshima University

< Turbine Inlet> < Turbine Outlet >
(T) Thermocouple
@ Pressure Transducer (Piezoelectric) Air y
Pressure Gauge (Diaph 3 /
@D Pressure Gauge (Diaphragm) Dot Y et
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! —
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2o lal 1628 69 /Al is measured
642(1D:16) 2080:120) | 20200:25) | @ Tachometer

Detonation tube Buffer Adapter

Courtesy of Prof. Endo

Hiroshima University
Courtesy of Prof. Endo

Demonstration Experiment
The PDC was operated at 200 Hz for 75 cycles
in the valveless mode

Opreranon frequency: 200 Hz
Operation cycle: 75 cycles (0.375 s)

Composition of the detonable gas: (1.1~1.2C,H,+3(0,+2.5Ar)
Fill-fraction of the detonable gas: 97 % of the PD combustor

Gas Supply pressure 32':' 17T floT'p“ i
2.0 1 o}
C,H, 0.36 MPaG =
—_— 15
0,  0.36MPaG 3,
4 Ar
Ar 099 MPaG g
Zosh AL .\ Jo LK
@ 7 p=—— 2Hs
Peak pressures higher than & | \-
90% of the Chapman-Jouguet S
value were regarded as 73 74 75 76 77 78 79 80
successful detonations. Time, ms

Hiroshima University
Courtesy of Prof. Endo

[Compact PDC for Thermal Sprayin;
We ly started to p a more pact PDC
for thermal spraying

Y Thermal spraying
A technology for thick surface coating in which melted or highly
heated materials are sprayed onto a surface with high speed.

Powder (Coating material). Substrate

Gun barrel

Y Objectives of the project

(1) The compact PDC can be used for thermal spraying.

(2) The compact PDC can be operated for more than 10 minutes.
(3) The compact PDC can be manipulated by a robot arm.
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Hiroshima University
Courtesy of Prof. Endo

Powder flow lasted longer than the hot-gas flow w/o
powder injection

Self-emission images

(Frame rate: 1200 fps by a rolling-shutter CMOS sensor

which records each individual frame by scanning across the frame vertically)|
w/o powder injection w/ powder injection (PN2)

POC
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University of Tsukuba

Courtesy of Prof. Kasahara

and studies of PDE (reviewed by Roy et al.,
Kailasanath), and evolution to very high frequency PDE operation

Pulse detonation engine(PDE) - simplified PDE
specific impulse 4200sec (air-breathing jet engine (H,-air) )
190sec (rocket engine (H,-0,))
Endo et al,, JPP, 2004, Cooper et al,, JPP, 2002, - iilen
Wintenberger et al., JPP, 2003 [S— =N

Specific impulse increases if partial fill fraction decrease *tic burned gas _rarefaction wie ﬁ:s:w
Sato et al., JPP 2006, Cooper et al., JPP, 2004 detonation wave Mixture

‘Simpiffied PDE pressure and tempeératur hisories.

Kasahara et al., AIAA Journal, 2008
If the ambient pressure is sufficiently low, burned gas in PDE tube can be accelerated
by a convergent-divergent nozzle.

Morris, JPP, 2005, Cooper and Shepherd, PP, 2008 52
The first PDRE system is demonstrated by pulse detonation

rocket Todoroki.

Kasahara et al,, JPP, 2009-1
The first manned PDE flight test was conducted by AFRL-ISSI.

Hoke et al., Japanese Shock wave Sym., Jan 2008.
Specific impulse of 305 sec was achieved using
multi-cycle partial-fill effect

Kasahara et al., JPP, 2009-2
Most recent interests are flight demonstration by rocket system with 1851 AFRL
high frequency operation and to put this system in practical use.

University of Tsukuba, ISE, JAXA

Courtesy of Prof. Kasahara

University of Tsukuba
Courtesy of Prof. Kasahara
Optical observation of gas supply jets and detonation initiation in

the PDE tube (combustor ) attached with the rotary valve was
conducted. These monitorings brought stable PDE operations.

pressure gauge (monitoring valve operation ) Ignition spark port is
oo shorteningthe  located

- e ® ly tube after the mixing region
O bamosae | et " pn W%Q ® .. gassupply

>~
'

e -
L purge gasinjection  face.to-face injections
parallel to the axis  of fuel and oxidizer
Schlieren optical system of the PDE tube for mixing acceleration
High speed video camera HPV-1

University of Tsukuba

Courtesy of Prof. Kasahara

Detonation wave was initiated at the distance of 5 times as long
as the tube diameter from the closed end.

Matsuoka et al.
Combustion and Flame
2012

Tokyo Metropolitan University

Courtesy of Dr. Sakurai

Schematic of the proposed 1kW-class micro gas turbine

Pulse Detonation Combustor Specifications
Output Power kW
Thermal Efficiency 9%
Generator @n=06n0n
Time-averaged 12
Pressure Ratio
Time-averaged
Compressor  Turbine Turbine Inlet Temperature 73K
PTGy I ‘Air Mass Flow Rate 16 9is
T=32115K || 03 | Overall Equivalence Ralio 03

Detonation Equivalence Ratio  0.8~1.0

p=101.3kPa
T;=298.15K

s m, YuasaLab, TokyoMetropolian Universty |
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Tokyo Metropolitan University
Courtesy of Dr. Sakurai
Appearance of the PDC

X, loniter

H, injection ports

Tokyo Metropolitan University

Courtesy of Dr. Sakurai

Schlieren images

V2 =9.7 m/s, m,=6.8 g/s, &=1.0 Eb

=0 Frame rate: 4000 FPS L - | o |
Shutter speed: 1720000 —~

: oo | oo |

O | | -

B LA | Gmewena | samerm |

[ms] Initiator Counterflow injection Parallel injection
2 -, Yuasa Lab. TokyoMetropoitan Uniersty

Concluding Remarks

® A pulse detonation engine (PDE) is a propulsion
system utilizing detonative combustion of
combustible gas.

e It is very attractive because of its rapid completion
of combustion and of its high pressure release.

® However, in the present stage, the development of
PDE is not complete so that it is necessary to
perform a fundamental study on detonation
phenomena.

Thank you for your kind
attention.

Shigeharu Ohyagi
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