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In the second report, the dependence of the energy exchange and Reynolds stress transfer on the
non-dimensional parameters, the Mach number and the Reynolds number, is investigated using the
DNS data of the low-Reynolds number compressible turbulent channel flow between isothermal
walls. The Mach number M is based on the bulk velocity and sound speed at the wall. The Reynolds
number Re is based on the bulk density, bulk velocity, channel half-width, and viscosity at the wall.
The main results of this report are as follows: (1) The absolute values of the production and
dissipation terms of the turbulent kinetic energy decrease with the increase of M and increase with
the increase of Re. These terms are more sensitive to Re than M. (2) The absolute value of the
pressure work decreases with the increase of M because of the decrease of the mean pressure, while
it increases with the increase of Re because of the increase of the absolute value of the mean
dilatation. The pressure-dilatation correlation term has a slight contribution to the energy transfer
and is almost independent of M and Re. (3) The absolute value of the pressure-strain correlation
term decreases with the increase of M and increases with the increase of Re. ( 4) The dependence
of the turbulence intensities of M and Re is explained by using the budgets of the transport equations
of the Reynolds stresses.

Key Words: Compressible Flow, Numerical Analysis, Supersonic Flow, Turbulent Flow, Channel
Flow, DNS, Mach Number, Reynolds Number, Compressibility Effect
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(a) Dependence of P, on M

(b) Dependence of P}, e}, and €} on Re
Fig. 1 Profiles of Py, €}, and £}

02? ———-Case A: M=1.0 ]
L SN e Case B : M=1.254
+e | S i
[ // \ Case C: M=15 ]
01 f N ]
L AR 4
F My
- l" \Q\\\ -
W S |
0 - —
0 50 y 100

(b) Dependence of P;” on Re

Fig. 2 Profiles of P,
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Fig. 3 Profiles of C%, C;, C¥ and C}
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(a) Dependence of energy exchange on M

(b) Dependence of energy exchange on Re

Fig. 5 Energy exchange: arrows represent the direction of the energy transfer, dotted lines represent
the energy transfer due to the compressibility terms, solid lines represent the enegery transfer

due to the other terms, and & and © respectively mean that the energy transfer increases

and decreases with the increase of M or Re.
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(a) Dependence of ¢}, ¢35, and ¢33 on M

(b) Dependence of ¢3;, ¢35, and ¢33 on Re

Fig. 10 Profiles of ¢7,, ¢35 and ¢33
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Fig. 11 Profiles of Ci“l and C3,
BISH () (1), () {ul} BET(p) (), BT

} OEEIZET S Re BLV

IH, BEEB XA HFRBEISNOENEAE
BITE 611, @3, B LV ¢33 O LK 10T 64y,
b3 B LU ¢33 DHEXMEIL M B8N 5 L/h&< 72

D, Re BT 5 LREL 2D, ERBLUCERS
MEES ) OFEMREMEE CH BLOCs, OO ER 11
WZRT. M E7213 Re BT 2122o80C, Cf; B&X
VU Cy, DBEDHAEIIZN T RE <BLU/HEL
B, pds, ANV HRBRERSOEMEE Cy; O

121070 DA —F—THhHY, Cf BRVC5p LHAT

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

822 BV A 2V ARIERENE T + 2 OVELI OB R ORI 5 2 — 5 ikEtE (B2 8)

———-Case A : M=1.0
LT e Case B : M=1.25 ]
-Case C: M=1.5 ]

0 50 * 100

(a) Dependence of Py, ¢1,, Cty, and {uf/ul}* on M

- Case C : Re=2000
N L— Case D : Re=2500
———-Case E : Re=3000 ]

0 50 * 100
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Fig. 12 Profiles of P}, ¢1,, C},, and {ufuf}*
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(a) Dependence of Reynolds stress transfer on M

(b) Dependence of Reynolds stress transfer on Re

Fig. 13 Reynolds stress transfer; arrows, solid and dotted lines, @ and © as Fig. 5. Dashed
lines indicate the conections between the production terms and the corresponding Reynolds
stresses. Note that Py = 2P¢ and C};+C5,+C33=C;+Cy.
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