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Direct Numerical Simulation of a Spatially Developing Round Jet
(Validity of Numerical Results and Mechanisms of Reynolds Stress Transport)

Hitoshi SUTO*’, Koji MATSUBARA and Mutsuo KOBAYASHI

*3 Graduate School of Science and Technology, Niigata University,
8050 Ikarashi 2-nocho, Niigata-shi, Niigata, 950-2181 Japan

Direct numerical simulation (DNS) was performed for a sbatially developing round jet Ke=
1200. Streamwise extent of computational domain is 30 nozzle diameter, and initial and nearly
developed stages of turbulent jet were predicted. Combination of forth order finite differencing
method and numerical damping near the jet center axis resulted in generally good agreement between
numerical data and existing literatures with sufficient numerical stability. Detailed discussion was
made for Reynolds stress budgets. Inter-component transfer of Reynolds stresses appear both initial
and developed stages in a way similar to other one-dimensional shear flows homogeneous in
streamwise direction. There were no qualitative differences among stress components for their
spatial transport and dissipation. For three components of normal stresses, initially generated

- turbulence was mostly convected downstream to the developed stage of jet but transport process in
the developed stage was dissipative with high conversion rate of kinetic energy into heat.

Key Words: Spatially Developing Round Jet, Direct Numerical Simulation, Validity of Computa-
tion, Reynolds Stress Budgets
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Fig.1 Computational domain.
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Table 1 Computational scheme adopted in existing DNS.

Re coordinate discretization streamwise | number of
system convection diffusion extent grid points
Present 1200 cylindrical 4th central 4th central 30D 754,304
1N 5(1999) 25000 | cylindrical |  3rd upwind 2nd central 20D 1,024,000
Boe tal.
ﬁ‘;’gag; 2400 | spherical | 2nd central 2nd central 45D 2,304,000
Danaila et al. spectral ectral 22 295
© 200500 | cartesian ® 20D
(1997 element element 86,515
5 5(1997) 1200 cartesian 5th upwind not presented 195D 5,349,888
Olssin and Fuchs 10000- 160,000
ane T cartesian 3rd upwind 4th central 12D
(1996) 500000 : 230,400
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DENURI=ND L DI T 4 WV F K> THEE
BRREETS. ZOXDEMEICKD, HEBRKER
BEIR Ty (O —Z BT ODEHANVEBETOHLRE

ICEEMED T EAER I N2 RO@-@DIFRIZES
IZHT=o T, REMRENRDEL WEHM 2 B
DU Y 57 — )V viEEEAL, IR
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Table 2 Established valuesof viand n.

T5IZI, nHAHEMAEHREENDLEDIC Re ZIK
SRETHBHENH BN, Re WMETED EHFHAE
DRI KD EROWEEHabnS. COIE%E
EZELT, vivOlM 144 EBFED S5ND Re=1200
ERUESMHE U TIRAT 5. HETHERATAIRTRE
BEIA T At 2K 3 ICEED D, BB TFEET
166X71X64 TdH Y, FNAFIZITEOE HILTHEIZ,
F7HEFAENCIE /D=05 A TEICR DL DITHET
2L At I3BOSRICBITE—F 8D 01 12
BAEDICEX. aNEITOTRAy—IVOFEMEIZ
#9B 2z, r, OHFARETHIBOEIIRKATENEN
115, 36, 4.7 TH-o7=. I 5DEIIMBOFHNIIXE

o T3 DNSGOTHWSNARTRGEICIZITHEY T

HDTHO, BYRHEHERNICHDEEXS5ND.

Re 300 1200 4800 19200
Table 4 Mean flow parameters.
vV 36 144 57.6 2304 Re o B 2/D
nhw 0.065 0.023 0.0081 | 0.0029 E=0 1200 58 0.10 33
Table 3 Grid system. —
e T amer E=0.36W, D 1200 | 60 | 0087 | 28
Number of grid points 166X71X64 . :
z/D=0 0.10 Boersma et al. 2400 59 ? 49
AzD zZ/D=85 0.20 ] _
2ZD=30 0.20 Ninomiya et al. 2566 60 | 0.090 44
/D=0 0.058 Reichardt 25000 | ? | 0085 | ?
Ar/D r/D=05 0.040
/D=15 0.84 Corrsin et al. 35000 6.3 ? 0.83
Ad 27/64 Wygnanski
— yen: 100000 | 57 | 2 3
At-We /D 0.010 and Fiedler
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Fig.4 Streamwise veloaity fluctuation (E=0.36 W D).

<

— 144 —

Fig.5 Contour map for instantaneous azimthal vorticity.
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Fig.7 Reynolds shear stress (E=0.36 W, D).
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Table 5 Reynolds stress transport equations.

Fig.9 Turbulent kinetic energy budget in developed stage
E=0.36W. D).
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Fig.10 Turbulent stress budgets at D=6 (E=0.36 W. D).
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