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Influence of Flow-Pass Shape on Opposing Jet Flow (Mixing Performance)
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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, BREER:, XFIEZemE, HEA, LES
Jet Engine, Combustor, Opposed jets, mixing, LES

1. #8

HAY =TI YOMFEE LT AH72012, Kb
MEREL ERHLTwD, T, EEZERT 57012
NS BB EEE R 5TETWS, LA L, &l
bR/ NEABIIRBELS & o THWR S 2 &7 2 O ED k
MY, RETHHEIEL 252 THY, BREERHO
TOMEGMZBACSELEKNE 2L, b UHITRES
HIERDOF Y FARY MPFEET LD, ¥—EVD
FCREGEBELE5 25 LNBRESNL D, T
TESAIE T TH B EHET Ly,

1 1ZRQL (Rich-burn Quick-quench Lean-burn) #
BEARVO W X OB X 2R, FEBEROEIRIE, Z ol
Mz A A —E il Chlfs X723 ROBIRE o T
Do WIEPRBESIN TIX, J XV b S L2 BEAS R
T VR REF TR EREG L TIREET 525, X=idt
St & 0 D7D RIRIRELDTERAE T B0 RELRD
THAICBWT, HRERDTA L, IR O
PRBEN A+ RIRIREL & BHITIRE L, RERREDRTE S

JiARets 20154 5 H25H
BBSE T 20164F 2 JJ26H
%1 MNEHIHT 2 - WARDIER
T235-8501 AL BT DR P T 1 3
* 2 HILFBERS BLULAEE ARMRANSE Tt
T 2525258  AHAEJE I H Je X il ¥Fa 5 -10- 1

Fuel rich combustion zone
Fuel Nozzle \ Dilution Air

Fig. 2 Explanation of geometric parameters S,H,D

%o RQLIEBERS DIRIE DA X, FRBRITEK - T
ENE7D, TORBLIERLTEL ZLITEETH S,
MRS X DmNIE, ERICERIZHEAT 5 %0H
B e LTETMELE N, H 2ol EN TS,
Holdemann & Walker'?-®g, 20X ) TSI
RN 3 2 ST & FER IS D W CTHFgE & 4T\,

Download service for the GTSJ member of ID , via 18.97.9.175, 2026/06/12.



134 MEEFRREEICHTERBIIROZE (BRE1ERE)

BEAHR 2 —E ¥R

UK, FUED, FLHRES, WS H, Wit & EiRo s
WAL (momentum flux ratio) J& %2 2 723& DIRAIR
BEFLOTWD, EEERELITRONTEEINS,
Ji%% (1)

ZCT o, witl, WISVEI, T

¥ 72, HoldemanIEFEBRIC X 0, B2 O WE TR
HBIEUTONRIGIA—FCTRIMTELZ L2 /N L7,

S
C:Eﬁ' (2)

Z TSGR, HtER S

Cid, Wit 1l b7 o oRVE (S/H) &, *
TSRS B W E By = s L] O RIS BI T B JAS
B4 5 &m0 Bl LA L, S8 THAY
3% & HIZHT BRI T2 % 2 &1k 5,
Liscinsky &1, *FAJMEH O A 12C=252 1 15504 =
WL —LTEAMHEELTWEY, —7J, JAFAKEWVIE
ERADVBEVWELHIEOLTBY, MEt04rd 5,

Fx OLIHTOWIFE T, BB % €7 WML L72JBRIC
B Txbn i 26m 2 LESHAT L, MEHICHZE Y % Fii
DG L EROTE Z AL S 72 509C, xfm
rZEmi s X I R GBI 2Tz, TOME, E
PN L CHEHEE B i ATK & WA X o 8 2210 12 A
WS AHMBRIRD Y =y MEETOREDLAN 72 DI
L, FRLPEd L%, ETOERPEWICTEHLT
FEFIESZIISREIL, REMEBEINRTHWL L
AL 720 BRDSIEFISHECE A, B TR T
WY, BEDWIENTHo /. 2721, ZOM
M CRREIEIRIE—ETH Y, WEITHRERIERE S O
BMWARHIZ S 72

HITE, WRMRSE S SHEZ /3T XA —F & L7
MEAT, BREA =X L ERAMREICY 2 52 % W]
LMCT B0 2D TW5D, KXo I,
W I BRS, SR SHE 85 X — & CHERMRIRA
PERENG- 2 B OVWTHET LI L TH D, K3 I
AT LN, T A= SR LT EE D70,
Holdemann 5 (2 & 5 EATWFZE2 I B W TirbILTw i
WIBIR ST X —F gk &, SERRIABESR IS b il a
TN SR A TS

12 ‘ |
10 e A arier sy
8 A A : : O Present work
s;1 O 1
Q :. .............. : i
=0 ETTET o e
4 b oaad o !
2 LA
0
0 2 4 6 3
S/D

Fig. 3 Geometric parameters of earlier and present study
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Fig. 4 Outline of flow passage configuration

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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Fig. 5 Numerical mesh model (cross section at center of jet)

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

Cell Unstructured, Hexahedron

Blended 2nd order central with 1st
order upwind (9 : 1)

Discretization

Parallelization Region splitting, 100 CPUs
Min., Ave Ax 0.2mm, 2mm
4. BREEE

REESZFNT 5124720, Vranos 5"E 21K 72
RIBAEETH S Unmixedness (U,) £V mEEFRLT
UM T THINL,

1 — 2
Crms E Z?:l (Ci-Can)
U= NPT TE

- - (3)

; Cavg wm/(ijrwm)
Coms\ZEAMEBAL I FERMS,  Congld S ETRA R, ClZ
JOPTIRE ] S IOTR EE, wo B E, widERRE TH 5,

ZZT, Gl FAMEE UCEREHERE g% L 2o
FERMOWRITHRZ K e UDWAT 513E, BN O
A — L, EEIHIRI0 L%k D,

RETEHHBEHIIE U CTH#TT 5. 20720, VIR
HHIE T B TR ZAT) e, WUMETIEZ
<, [ CHERAER & 2 2 WTR CHUR§ 4 2 L 3B & 7
%o WA TAIRD X H 127425,

Download service for the GTSJ member of ID , via 18.97.9.175, 2026/06/12.

22T, XIEFWAMAME, Q=Qu+Q;, Qunld E it
Vi, QIIMEMARGTE, AXTEKIHETH .
TR, ST A—FCIZ X BRIBAEON & H/D
BREVEEORROELE, WK ST X — & 2 REVERE
1252 2508, REEHICOVTERS,

=)

CIC& B RIBEAE D

KL T, —EOWRRER (7,=004) A8 L7
BORREEUZEEERE LTHET 5, K61C—E
DUEARH (7,=004) »HE#HL72%DOUERT . H/D
MENZFNIL0, 75, LT & 7% % SIx 3 5 Bhfg %
FC L 72 Holdeman ® &, WEHE A & — 72 I B o Wi 1 12
BULREEENCTEHTEL EMELTWELA, K
W TIiE, ClZ&koT, RAEMRIC—EOBIS R %
WRAESNTz. M6I12KBE, H/DA S5 UTOHER,
C=1~3TIEUIZH T D 2L \A%, C>3TIECH KR
EVIZERAMRITEL 2R E % 5. H/DHT5LL
ETIE, CHREL LD LRAEDVEL RBERE RS T2

M 712, RRAEUPHEEREITICRLTED L)
AT B 0% R LI REBEZRT, H—DCL R D5
T RO N IR Z(a)~(d) e LTE D7,
7TI2BWT, CHHA—THIHAE, RREGEIXILEKY
TV LT IS H 5 A, C=30L40TIid
—OEMFTRELINNE LD H -7 (M7(c), (d),
AU 6 T CEMA S N72AS, H/DH7510&
KEVWEETH Do H/D=7510D 51220 THlIl A<
ok, C=15 208128V T HMOSEMICHRTHE
THNDENCDH DS, CHWAPT HIZONTUDEZ

-,

0.14 - Fitted curve
- 0.12 - H/D
Z0.10
S 008 - ®375
006 - o5
=004 - %73

002 -+ +10

0 2 4 6 8 10
c= S/H*sqrt(J)

Fig. 6 Effect of C on Unmixedness at 7, = 0.04
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Fig. 7(a) Unmixedness distribution at C=1.5
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Fig. 7(b) Unmixedness distribution at C=2.0
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Fig. 7(c) Unmixedness distribution at C=3.0
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Fig. 7(d) Unmixedness distribution at C=4.0
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Fig. 10 Effect of S/D on Unmixedness at 7, = 0.04 (H/D =5)
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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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