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Large Eddy Simulation of Flow and Scalar Transport in a Round Jet.

Hitoshi SUTO*, Koji MATSUBARA,
Mutsuo KOBAYASHI and Yoshiaki KANEKO

*4 Fluid Science Department, Central Research Institute of Electric Power Industry,
1646 Abiko, Abiko-shi, Chiba, 270-1194 Japan

Large eddy simulation (LES) was performed for a spatially developing round jet and its scalar
transport at four steps of Reynolds number set between 1 200 and 1 000 000. Simulated domain, which
extends 30 times nozzle diameter, includes initial, transitional and established stage of jet. Modified
convection outflow condition was proposed in order to minimize effect of downstream boundary.
Tested were two kinds of subgrid scale (SGS) models, Smagorinsky model (SM) and dynamic
Smagorinsky model (DSM). In the former model parameters are kept at empirically deduced
constants, while in the latter they are calculated using different levels of space filtering. Data
analysis based on decay law of jet clearly presented performance of SGS models. Simulated results
by SM and DSM compared favorably with existing measurements of jet and its scalar transport and
however quantitative accuracy of DSM was better than SM at transitional stage of flow field.
Computed parameters by DSM, coefficient for SGS stresses, Cr, and SGS eddy diffusivity ratio, Ises,
were not far from empirical constants of SM. Optimization of model coefficient was suggested in
DSM so that coefficient Crz was nearly equal in established stage of jet but it reduced in low
turbulence close to the jet nozzle.
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Table 1 Computational conditions.
SGS . AzD ArD —
Re model Grid number 6 min) 6 min) - AtWo /D 6D r
Casel 1,200 0.015
no
Case2
Case3 10,000 SM
Cased DSM 166X71X64 (GD 0.10,0.20 0.04,0.84
Caseb SM 0.01 0.7
100,000 0.04
Case6
Case7 1,000,000
DSM
Case8 83X%35%32 (G2 0.20,0.40 0.08,1.68
100,000
Case9 43X19X16 (G3) 0.40, 0.80 0.16,354
04 T T T T T T T T

(® normal condition

() modified condition (A)

(©) modified condition (B)
Fig.2 Contour of scalar, ©/©. (Re=1200).
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Fig.3 Intensity of scalar fluctuation (Re=1200).

HEDFyE LT 122U, BEHSHEER TR
AL 270, WEORSEE '

Wotl = W - wmvi?aﬂm ©
Z

ZFVND & FRABERAHED AN 7 — IR B RS
LEHENZ. FIT, PROBBERENTHZH
EEOBERTREMSE

(A) W+l = Wn Wconv aaiAt - min[Wn ’0] (10)
z

(B) W+l = max[Wn - WCOHV%YV—ALO] v
Z

AL, 22T, minlA BlidA, BHSKD/AE
72fli%, max[A, Blidk D KEREER O HTEREZ
7. FHRABERICBNTEERGWIIEIEEZ
FOnEiEs, -EERE@EBRREEZED
MNEIEDBDTH 5. K2 I1I3BEDZ N T —57h
%, 3 I FHRBERFHE (@D=28) ITBITDA
Ho—EEEREERY. INHORICRAEDIC, &
#HOFEEE W & EEEHER DO =AFHII3E
NARBREEFNMELESRIFICE > THIAHSNTNS.
BIELE®IVINRZ — YRR R NEHETH BN, W

— 190 —

NACSI| S-El ectronic Library Service



The Japan Society of Mechanical Engineers

AD T —HBEAES FIRRRD T —Y « 274 Y Tal—vay 1211

Table 2 Parameters of flow and scalar fields ( 0 o/ 0 s=1).

Re /D a 8 Woms / We ar Bt BOrms / Oc
10 SGS model 1,200 043 6.1 0.093 0.22 49 0.11 0.21
10 SGS model 10,000 ‘19 94 0.058 0.21 73 0.074 0.19
SM 10,000 ‘11 6.2 0.085 021 47 0.11 020
DSM 10,000 0.33 6.3 0.083 020 5.0 0.10 0.19
SM 100,000 22 6.1 0.083 023 5.0 0.10 0.20
DSM 100,000 1.7 6.6 0.078 0.19 51 0.10 0.19
DSM 1,000,000 | 061 6.5 0.080 0.19 5.1 0.10 0.19
Ninomiya and Kasagi 2,566 44 6.0 0.090 025
Reichardt 25,000 0.085
Corrsin and Uberoi 35,000 0.83 6.3 020
Wygnanski and Fiedler 100,000 30 57 024
analysis by Bejan 66 | 0089
Table 3 Parameters of scalar field.
Re 00 Oanr D ar Bt &m/éc
Corrsin and Uberoi 35,000 0.64 0.025 0.17
Wilson and Danckwerts | 40,000 0.60 0.013 43 | 013 0.18
Lockwood and Moneib | 50,000 0.54 0.019 38 | 013 0.21
Beckeretal. 54,000 1.0 00064 | 54 | 011 0.22
analysis by Bejan 10 57 | 011

6 ---LSMfor 12=2/D=28

iz, A
0 10 20 ,p 30
Fig.4 Reciprocal of mean center value (Re=1200).
4 T T

-~--LSMfor 12=2/D<28

byt

N

b12/D, by,27/D

— by

0 10 20 ;o 30

Fig.5 Half width (Re=1200).
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Fig:6 Streamwise mean velocity on jet central axis.
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Fig. 7 Intensity of streamwise velocity fluctuation on jet central axis.
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Fig.8 Streamwise and radial mean velocity.
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Fig9 Reynolds shear stress.
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Fig.10 Intensity of velocity fluctuations.
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Fig. 11 GS- and SGS-dissipation.
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Fig.13 Mean scalar on jet central axis.
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Fig. 14 Intensity of scalar fluctuation on jet central axis.
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