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Fig. 1 Schematic of a micro flow reactor with a controlled
temperature profile.



70 BEMTHHE~/O70-UT72CL3HX2—-ECBBOBIEMTE BAHIXZ2-ELZREH

ORI KA TH 505, ZZICHEFEREZRIT S
LT, BREBREOHTLERDWRETH LW, /2
FBERBRHATERT LI LT, EOHICEEOSFEHTHR
BRTRETH B,

BUEFI S EPREMIX 2 X — 212, TR IVF—HERA
\ZRE & DBRET (RALEDOBRMIE) 2B L725HHE
I—F2HVwTWw5,

MdT 1d(/1AdT)+A K vy dT+
dx cp dx dx Cp k=1PTk kcpk dx
Aqg - A 4ANu
=Y oWy —=— (1, -T) = 0 (1)
p ¢ d

ZIT, BUREHO T X FHI L 7255 N BE R 55 A
G52 T0Wh, 4270 ) T2 ¥ TlE, BEAIVNSVE
E b, NIRRT, EELEMT ORREERIGL DS
Ao MNEAERICY UV TINTHY, FICHkET S
Weak flameefh Tid k%D 5 DRI X 2 BEHRE D
ZALR P TE AT LD, EBREGHEOEREIATT
BETH b,

2ICEMBALD XY v/ R TFRERE VY
HFloxA4270) 77 ¥ TRONDL ZHEOKEHES X
KRBT (KRB B 2EmRE) & FRARD
EERAEE (Uy) OBRERT. VT 275 DN (d)
2 2mmTh b, HHEABICBNTIE, FHENLTIR
AENH YT %5 Normal flameASBE SN b, WAL
FRAZIITHROBRB TEXL EHRMIZIA - TE
X, ok, BEEHEELRATFREROBEIDD HH
METERET 5o THEE TSPV K R B I BRI
CRE L, HEHMEE TIRT TS L, KIRE~DEIAR
KOBWERIZED, KEIHET S, 75, MATRE
AIEFHOTHROSRMTHEAL, KEHD LHOMKIERMNIC
Ao TRIFL, HEL, 2H0VET, ZoBFKEHE
0 R4 IEEH K EFREL (Flames with Repetitive
Extinction and Ignition) & MFA TW 5, X 5 IZHH
T EREDE, FHITHME R EFKEPERI NS
(Weak flame)o FEHED MO THMITTH 5720, ¥on
SETHORKEHENRICIVIE L TWD, ThHok
RENREITH RN & BUERH R CTOER SN TV S, 20
& &, FREIDYBUIE S5 HIIL TR TR EN D NEE
IRDAEAET HFIHE —FH T 5,

3. Weak flame & & X DRI

AR OKREEHEDH L, FEELOHIEI NV — 7Tl
Weak flame% FIH L 720K 0 25 KFEME B X BRI A
DF A EH#EDTE R, 22T, Weak flamed 58 &
HERKEDHEBIZOVWTRRS, HHMBHH2S, K20
Normal flame, HB¥HIR DAL EMF, Weak flamen: &
% 5 ST ORI ZFendell i IS T 5 2 & 2355 720,
9 7% b5, Normal lameDfFZ T 757V —a v 7
9 vF, FREIOZHE K& & Weak flameDf#iZFE KT T

— 4 —

Download service for the GTSJ mMember of ID , via 216.73.216.213, 2025/12/14.

S
(" Unstablg solution /
. Y . FREI: Flames with Repetitive Extinction and Ignition
‘- . /

N

S |Extinction positions Stable normal flames ¢ =1, CH,/air
= |

£ \ /
[} \ . s

> Ignition positions ~
e ~

= l,/ ‘\ ./

sl .7 /

L}

=

P

<

<

T, ()

Fig. 2 Schematic of flame responses for a stoichiometric
methane/air mixture in the micro flow reactor.
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Fig. 3 Image of weak flames for a stoichiometric z-heptane/air
mixture (P=1atm;d =2 mm; Up =3 cm/s)®.
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Fig. 4 Computed heat release rate profile of weak flames for a
stoichiometric n-heptane/air mixture (P = 1 atm; d = 2
mm; Up = 3 cm/s; chemical kinetics developed by Seiser,
et al® was used) .
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Fig. 5 Computed species profiles of weak flames for a
stoichiometric n-heptane/air mixture (P =1 atm; d
= 2 mm; Uy = 3 cm/s; chemical kinetics developed
by Seiser, et al® was used)®.
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Fig. 10 Responses of stoichiometric natural gas components on
weak flames (P =1 atm; d = 2 mm; Uy = 2 cm/s)%.
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Fig. 3 Change of fuel jet flame structure with jet velocity.
Jet velocity is greater in order of ¢) b) and a).
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Fig. 4 Structure of simulated hydrogen jet lifted flame. Flame
structure is presented by Hz consumption rate at 10*mol/
m?/s, with surface color indicating the local combustion
modes, white: lean-premixed, black: rich-premixed, gray:
diffusive.
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Fig. 5 Leading edge flame structure in 2-D plane including
jet central axis, a): iso-lines of Hs consumption rate,
premixed mode by solid lines, diffusive mode by
dashed lines, b) : heat release rate. Bold lines indicate
stoichiometric location.
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Fig. 6 Marginal PDF of mixture fraction gradient magnitude at
three radial locations near the leading edge of the lifted
flame®.
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Fig. 3 Mapping of flash back, blow out, and bursting limits of

methane-air mixture in 10-mm tube®.
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mixture in 3.6-mm tube.
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Fig. 5 Images of the transport of the heat and mass on the
flames in the vortex flow.

Table 1 Transport properties and Lewis numbers on lean and
rich conditions of methane and propane air mixture.

D (cm%s) Le
D cuarnzy 02211 0.963
D o2/noy  0.2064 1.035
D (csusinzy 0.1144  1.715
D oanoy 02064 0911

Mixture @ a (cm?/s)
CHa/ Air 0.8 0.2129
CH4/Air 1.3 0.2136

CsHs / Air 0.8 0.1963

CsHs/Air 1.3 0.1880

(2) N, (b) Ar (c) CO, (d) He

il

Le=0.96 0.99 0.76 1.42

Fig. 6 Appearance of flames for various diluents'®

(propagating from the top to the bottom of image,
Dg = 100mm, V; = 1.8m/s, B =021, @ = 09).
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Table 2 Quenching diameter, burning velocity, Lewis number and related properties for various mixtures® (2= 0.21, 300K).

Quenching diameter Themal dlfguswlty S [omss] Adiabatic flame temp. Le ru Le o)

do [mm] olem®™ (o=10) Fod LK) 0=08)  (0-12

bi ! (@ =1.0) ' (#=1.0) (&=08) (@=12)

uent

N2 3.19 0.213 43.0 2224 0.962 1.034
Ar 1.54 0.213 94.0 2520 0.988 1.088
CO, 14.81 0.132 34 1783 0.771 0.865
He 5.85 0.977 135.0 2520 1.448 1.262
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Fig. 7 Mapping of the vortex bursting limits for various
inert mixture® (D, = 10.0mm, 0.21%02).

Table 3 Flammability limits and flame propagation limits
for various inert mixture.

Flammability limit Propagation limit

Inert gas Lean Rich Lean Rich
N, 0.53 1.56 0.50 1.45
Ar 0.40 1.93 0.35 1.70
He 0.48 1.78 0.85 1.20
CO, 0.93 0.93 0.65 1.30
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Fig. 1 Droplet combustion in microgravity (left) and spray
combustion (right).
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Fig. 2 Temporal variations of droplet diameter squared,

&% flame diameter, D, flame stand-off ratio, D/d in

microgravity'®.

TR, BIZARFEOIPUIIIHT 2 ERE) ) & 23 (525
TH 5o N2)DIRBEAELEBIIHFHNIMAE L 2 WERT
o EnH, NP Z OHEEHHGwR, S S
NBZEDBbhbe EBRIZI DS NTRBEHEE RO
WA RN DR Z B 3 1R T ZORED
BRIE R BE 52 LD AN AR AN S W L b
%o 3(2)20 5 b BRIEH KL E BRI AR I ARAT LT
WRWI ERDDPD, TDOEHIT, PREEEEEE AW
W AR ARAE L 20 356 O W IR BE X B E - B
HETHY, ARSI E L TOMRIHE R 2 T2
B — vz kit L, AUREH & U TSR
do*/a% > THREH] &2 R TTAE L 72 R 2550 ABLAY 12 1
MY B EVR D MPIEEDD HAEFELL /NS v E BUS
HEEZD, T BIVZBILHVRELS DL
R BIRRP MR TEI 22D, MBS L %< 7%
%o

0.9
3
§OB' .
E o
£ 0719 & °o©
(o]
"
0.6}
0% 0.5 1
d, mm

Fig. 3 Dependence of burning-rate constant of n-heptane droplet”.
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Fig. 5 Interactive burning of two droplets in microgravity".
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Fig. 6 Dependences of flame-shape mode of two droplets in
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droplet distance, S/d¢".The horizontal axis title is
changed from the original in Ref. 9 by the author.
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Fig. 8 Transition from individual flames to group flame for 49

eicosane droplet cluster with S=10 mm, do=1.0 mm".
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Fig. 9 Flame-spread behavior of n-decane droplet array for
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Fig. 10 Schematic of flame spread along a linear droplet array
with a low-volatility fuel®.
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Fig. 11 Flame-spread modes of linear droplet arrays®.
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Fig. 12 Mode map for flame spread and burning of n-decane
droplet arrays in microgravity®.
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Fig. 14 Intensified high-speed video images showing flame
spread to droplets in lower parts of premixed
n-decane-spray flame (¢ =0.85)".
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Fig. 1 Flowchart of ERENA.
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Fig. 2 Temperature profiles using VODE, ERENA, CHEMEQ2,
MTS on n-CioHsz/air at At = 1x107° s, po=0.1 MPa,

To=1300 K.
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Fig. 3 Total computational time ratios of ERENA using ¢ = 1X
108 on CHy/air, n-C7Hje/air, and n-CioHsze/air at At = 1X
108 s, po=0.1,1 MPa, T,=1300 K.
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Table 1 Summary of conditions.

Case name Grid points Grid size [pm] ATF
NS1 1001x201 20.0 No
NS2 2001x401 10.0 No
NS3 4001x801 5.0 No
NS4 6001x1201 33 No
NS5 8001x1601 2.5 No
ATF1 1001x201 20.0 Yes
ATF2 2001x401 10.0 Yes
ATF3 3001x601 6.7 Yes
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Fig. 4 Schematics of initial conditions of shock/flame interactions.
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Fig. 5 Instantaneous temperature profiles under shock/flame
interaction conditions.
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Fig. 6 Instantaneous temperature profile at the time when
detonation initiated. D in the figures means that the
detonation starts to propagate.
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Fig. 7 2000 K area rate for the results which is DDT time is
around 24 us.
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Fig. 9 Simultaneous measurement system
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Table 1 Specification of PDA

Transmitting optics

Wavelength of laser beam [nm] 514.5
Focal length [mm] 310
Spot diameter [pm] 145
Fringe spacing [pum] 5.0
Fringe number 29
Receiving optics
Focal length [mm] 310
Width of spatial filter [um] 100
Range of size and velocity measurement
Maximum diameter [pm] 96.5
Maximum velocity [m/s] 15.0
Minimum velocity [m/s] -5.0
Bandwidth of signal processor [MHz] 4.0
Frequency shift [MHz] 40
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Fig.12 Relations between G¢ and Rox
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Fig. 1 Schematic picture of a rotating detonation engine
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Fig. 2 Temperature distribution of flow field in a rotating
detonation engine (Schwer et al.”’)
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Fig. 3 Comparison of mean experimental OH*
chemiluminescence images (left) to instantaneous images
of heat release plotted with two different scales (middle
and right), (Cocks et al')
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Fig. 4 Comparison of pressure-volume diagram of constant-
volume, constant-pressure, and detonation combustion
cycles.
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Fig. 5 Schemes of detonation-combustion chambers (Bykovskii
et al”).
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Fig. 6 Schematic of annular detonation combustor with
divergent conversing nozzle (Kato et al’?).
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Fig. 7 Enlarged view of annular detonation combustor
(Kato et al?).

Fig. 8 Chemiluminescence image from rear view of an annular
detonation combustor (Kato et al.?).
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Fig. 9 Wave propagation speed and wave number of an annular
detonation combustor (Kato et al."?).
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Fig. 10 Sled test of a rotating detonation engine (Kato et al'?).
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CEMEAMEES A=Y a vy Y UL, RO TH
PHAEECRRBE Z 58 S & B D 5 (MRBEds o /N AL
HURE) — 7, BERIANOBZEOHIEII AR TH S,
Falempin and Daniau™i%, C/SiC#&HM % Fv 72 Bt
HR o —EMHREEE T s A= a Y2 v Y vikBrE
L TWb,

F7, HAY—VE Ty IS LTOMHO
7o, AUV —OFEIHEERLT &, BEESHET
DIEIIER %2135 720 OW L% B I S LT 51507,
—IZ, TUF AR S EWRBEE 2 EH T 572012
E, A VT2 —OIETEEERKT S8, oMb
MO TV LOMGE R W B DD B 05, WEIIHK
FTHERTHLDOT, WHTIIRV,

4.2 Z—“FEBEEEGT -3 ICT MR

PRI RERE S N A=Y g YTy Y Y R HIITRT,
BBESE DO ALNZIE, A= VEIOBE - BILHIA > V=2
Z—DEATICHE SN T WA, TD X ) RIBEERTIEA
WOWBULBESHTH DY, K30 L5, 1T =
77 =L OWETRN ST b A — T 3 v EEomME
PEHEN TS, NEED S, 2 EIFHREE T b
A—=TarzryI ), REVEEPHEEIN TV,

X14121E, HIEERTY X Ko 79 712X 5 NEROT
BULAE R 2 7R 979 RBEDE O B AMEE O J& 5 Mm%
1260m/sTH > 72, BEEDEIFETHLI2H00b5T
Ml4tiD Y x B 7T 7 BREICHERERIIRE S Tn ik
Vo TPEFE RIS N A=Y 3 Y v Y Y ORFFERNIE
2BIDATHY, KWL L L, 5HBOS SR HHE
BHRHFEINLE VTV TH D,

Download service for the GTSJ member of ID , via 216.73.216.213, 2025/12/14.



Vol.44 No.2 2016.3 E1E Tl N S D i) - - Sl gL 5 RZANDE: N 7N

113

initiator

fuel injector  oxidizer injector
0.8 mmradius 1.0 mm radius

m

@130 m

combustion chamber

+|

| 27.5mm |
25.0mm |

plenums

i semicircular grooves
fuel  oxidizer

(side sectional view) (enlarged view)

fuel injector

detonation channel

glasses
L ]

(three dimensional view)

Fig. 12 Two-parallel-plane rotating detonation combustor
(Nakagami et al. )
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Fig. 13 Detonation and flow structure in a two-parallel-plane
rotating detonation combustor (Nakagami et al. ")
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Fig. 14 Self-luminescence and shadowgraph visualization in
a two-parallel-plane rotating detonation combustor
(Nakagami et al")
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Unsteady Aerodynamic Characteristics of Transonic Turbine Blades
with Flow Separation
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SHIBATA Takanori NAKANO Susumu
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ABSTRACT

The effect of flow separation on flutter characteristics of an oscillating turbine cascade has been studied by using a

linear cascade wind tunnel. The middle blade in the linear cascade was oscillated in a pitching mode at up to 250Hz

in this study. Unsteady aerodynamic forces were evaluated by strain gauges on the blade supporting bars, and their

aerodynamic works were calculated by the influence coefficient technique to analyze the aerodynamic stability under

all blade oscillation. Experimental conditions range from subsonic to supersonic outflow conditions whose inlet flow

angles cover attached and separated flow regimes. Comparison with the CFD results showed that the effect of flow

separation on flutter characteristics was not predominant because the flow separation on the blade pressure surface

only affects pressure distributions in the flow separated area, where pressure fluctuations are small.

Key words : Turbine, Flutter, Shock Wave, Separation, Unsteady, Transonic
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Fig. 3 FEM analysis of the oscillating blade
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Table 1 Experimental Conditions

Inflow angle o [deg.] 30-63
Outflow Mach number M [-] 0.8-1.2
Stagger Angle [° ] 58.14
Inlet Flow Angle [ ] 30-63
Frequency f[Hz] 0-250

Reynolds number [-] 9.0x10°
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Cold-flow Numerical Simulation with Overset Grid Method
utilized in Design Process of Aero Engine Combustor
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Numerical simulation was utilized in the developing process of Rich-Lean type aero engine combustors for small

aircraft, which was conducted in the framework of JAXA TechCLEAN project. To apply the numerical method to the

screening process of combustor design, we used a cold-flow simulation code UPACS with overset grid method. In

this report, the method was applied to a single-sector combustor with practical geometry and verified by experimental

data of mass flow and pressure loss. Then the method was utilized in the development process of the aero engine

combustor; in the screening process which compares combustor geometries and in the investigation of the difference

between full annular and multi-sector combustors. Obtained technical knowledge through the development process is

reported in this paper.
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Experimental model

(b) 3/16 multi-sector combustor (MSC)

Calculation model

Pre-@‘user 1 e

(c) 1/16 single-sector combustor (SSC)
Dilution air holes
Inner liner casing —il

{ Exit

o Fuel
T Pro]e

MSC2

MMJ\::‘“u

Fuel lean
A region

region

s

.. 4 Effusion cooling
air holes
" Probe
Fuel nozzle \ Combustion air holes
Cowl

(d) Design concept of target combustor

Fig. 1 Target aircraft combustor models and calculated region with schematic sectional drawing.
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7z, ARMRBES T, &R%E01 ~035F TOA
WYEBHIPH 12 0% o TLE L 72 BRBE 2 Ff R L 2 2 {ENOx
P 2 8l 5 FB & LT, Rich-LeanfkB 5 W% %
HLTwa, B TANCRT EH1Z, Rio 1 kERBE
TR CTIRE OB CIRE THIE S - ICARH 225 L &
HICRAL, 2 RBRBEEIR THWIRETREESE L 2 &
I2E D, NOxA% K F4ET 2 BRI 1 IST W Z
KDPZFNELTHIERM o720 ZOBE, BRE XV
O DOTAZERE AT 1B & %5720, BE XV
ERBER - AU 22RO 2B B O R - SRS
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Table 1 List of calculation and experimental combustor models with configuration parameters.
(Shaded cells show parameters modified from previous model.)

caloulation Liner conl Air hole size(mm) and number (st.: staggered) Experimental model

mode Conbust on Dilution Cool ing e FAC
Single-sector Calculation Model
Sthi L1 C1 ¢ 10.2x4 ¢ 9. 4x6 MSC1
Sth2 L1 C1 ¢ 10.2x4 ¢ 11.4x6
S1h2c2 L1 C2 ¢ 10. 2x4 ¢ 11.4x6
S1h2c3 L1 C3 ¢ 10. 2x4 ¢ 11.4x6
S2h2 L2 C1 @ 10. 2x4 @ 11.4x6
S2h2st L2 C1 ¢ 10.2x4 st. ¢ 11.4x6
S2h3st L2 C1 ¢ 10.8x4 st. @ 11.4x6 ¢ 3. 5x4 MSC2 FAC1
S2h3stcool L2 C1 ¢ 10.8x4 st. ¢ 11.4x6 ¢ 3. 5x4 ¢ 3. 3x46 MSC2 FAC1
S2h4st L2 C1 ¢ 10.2x4 st. (Trans.) ¢ 10. 9x6 ¢ 3.5x4 FAC2
Multi-sector Calculation Model
M2h3st [ oe | o $10.8x4 st. ® 11.4x6 3. 5x4 MSG2

— 60 —
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Overset boundary

Pre-diffuser

Interpolation layer

Outer liner region

Combustion air hole

Effusion cooling

air hole

Fuel nozzle

Liner casing Combustorliner

Inner liner region

Fig. 2 Setup of combustor calculation grid and interpolation layer along overset boundary.
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Dilution air holes

. . Outer liner
Combustion air holes

Fuel nozzle Effusion cooling
Inner liner air holes: ¢ 3.3x46

Fig. 3 Setup of combustor calculation grids of S2Zh3stcool
including effusion cooling air holes, shown with
distribution of total pressure on combustor liners.
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Fig. 4 Comparison of total pressure loss for experimental models
and calculation model S2h3stcool.
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Fig. 5 Distribution of overall discharge coefficient of effusion
cooling air holes. (+i: inner liner, -o: outer liner.)
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Fig. 6 Transition of combustor configurations shown with
calculated total pressure.
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Fig. 7 Effect of combustor configuration on total pressure loss of
model combustors, shown with experimental values.
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Adiabatic side wall: wall boundary
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Circulation flow
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proe

(a) Multi-sector combustor with adiabatic
wall boundaries (M2h3st)

Dilution air holes

Combustion air holes

Fuel nozzles

Pre-diffusers

Periodic boundary

Inlet air

(1) Calculated configurations

(3) Total pressure distribution -1 0 1

(b) Ideal full annular combustor (Three
single-sector combustors with periodic
boundaries (S2h3st x3))

Fig. 8 Comparison between multi-sector and ideal full annular configurations.
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Fig. 9 Comparison of mass flow ratio distribution between multi-

sector and ideal full annular combustor models.
(-c: combustion air holes, -d: dilution air holes.)
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Fig.10 Comparison of mass flow ratio among multi-sector and
ideal full annular combustor models.
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Fig.11 Comparison of total pressure loss among multi-sector
and ideal full annular combustor models.
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Influence of Flow-Pass Shape on Opposing Jet Flow (Mixing Performance)

R B

NAGAO Takahisa

ABSTRACT

MATSUNO Shinsuke

o

HAYASHI A.Koichi

R g

In order to evaluate a mixing of fuel with dilution air in jet engine, an unsteady turbulent flow analysis is performed

in a simplified combustor. The flow channel consists of the opposed jets and cross-flow, which are normal to each

other. A mixing performance and mixing behavior are studied using parameters, spacing of jet holes (S), height

of duct (H), jet diameter (D) and momentum flux ratio of jet and crossflow (J). As a result, we find that mixing

performance is estimated by the parameter C=S/H*sqrt(J) when H/D=5 or less and becomes well when C is large.

When H/D is larger than 5, say 7.5 and 10, there exist the conditions where mixing performance becomes worse.

Because the interaction between two opposed jets occurs downstream the potential core, it is considered in this case

that mixing performance by opposed jet interaction is weakened. When H/D is small, the interaction between two

opposed jets occurs in the potential core. It suggested that the mixing performance is sensitive by the positional

relation with a potential core and collision plane of two jets.

Keywords: ¥ = v bz, #REBER:, PEZERGE, HA, LES
Jet Engine, Combustor, Opposed jets, mixing, LES
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Table 1 Configurations and conditions of calculated cases

S/D H/D Name J

5.0 5.0 S5-H5 4,9,16,36,64
5.0 3.75 S5-H3.75 4,9,16,36
5.0 7.5 S5-H7.5 4,9,16,36
5.0 10.0 S5-H10 9,16,36,64
2.5 5.0 S2.5-H5 4,9,16,36
3.75 5.0 S3.75-H5 4,9,16,36
6.25 5.0 S6.25-H5 4,9,16,36
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Table 2 Numerical methods and mesh conditions

CFD code OpenFOAM 2.1.0 reactingFOAM
Equation Incompressible Navier-Stokes
Turbulent Smagorinsky model (LES)

Wall Spalding law
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Discretization
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Fig. 6 Effect of C on Unmixedness at 7> = 0.04
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Fig. 13 Time averaged mole fraction of cross flow on C=2.0 (top:
XY-plane (Z=0), bottom: YZ-plane (Specific 7))
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