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Direct Numerical Simulation of Swirling Flow in a Straight Pipe
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A turbulent swirling flow is one of the significant turbulent flows in engineering and practical applications. We
investigated a turbulent swirling flow in a straight pipe by using the direct numerical simulation of the Navier-
Stokes equations. A swirling flow is generated so as to impose a tangential body force in a section corrersponding
to the swirl generator. Reynolds number Re,, is 5300 based on the mean axial velocity and the pipe radius, and
swirl intensity  is about 0.7 at the downstream end of the swirl generator. Typical turbulence statistics such as
the mean velocitiy, turbulent intensity, Reynolds stress and its budget at several sections will be presented.
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Fig.2 Mean velocity profiles

WA HIE FE A 28 Kitoh (2 & 5 EBRfER (3) &gk
BN —E T HWHE 2/R = 23.4 TOREEETRT. ZOW
ISR D HEEREILQ =024 THDH. BRELTHD

Copyright (© 2000 by JSCFD



72 BT — & OREEFEE T Q = 0.18 THH. Figd 12
BALE r/R KRS D814 K OVE J5 18 -2 B oy A,
Fig.4 \CELIHREE /346, Figs lZ LA /N AEAWIS 5y
MEmRd. b OFHRERRIIERT — ¥ L EEIC—
BLTHRY, REEFFEITERIELIR ORISR & 5 RE
BLTWDAHDEZZ L.

WIZ VA I NVRIENDIEFETT Vv by HH LT
NG ORN AT O, b IR CTERESND.

bij = wiuj/ujuj, — 1/36i; (1

FEEFHT U NDOEEFREXEZD 3 OOREET,

X — IIT\? + I\ — I,C =0 (2)
Iy = by (3)
II, = —1/2b;;b;i (4)
IIIb = 1/3bz]b]kbkz (5)

TRIND. ZhSEAVTh; ORLERE~ v 7 (AIM)
A% Fig6 lORT. HEOEHR STV S BN E
T AA ELGRCIEEER O Z < 5T 2 IRTTAY Th D 3 BE
MNOEEN D I ONELTEEE S ] & M & T 1 RTTHIZ
2%, I BITEFNIED AT OXUEhRIFRGE (JEK) DR
W > T3S FREEIESL . —F, EEELHEDOE
BITIIRER O Z < 3FTEETIE 2 IREHI T d D AN ELTTREE D
FlafiEL (1 %kofe) 135<, I, = 012> T 3Kt
S IREEIZTS< .

£ £l |
> > | z/R
5 ; | ¢ 234 1
1k o Kitoh(1991) |
¥
S ]
z/R i
o5 ¢ 234 o
_____ Turbulent Poiseuille |
flow ]
o Kitoh(1991) :
0 0
° rR T 0 R

(a) Axial velocity (b) Tangential velocity
Fig.3 Mean velocity profile at z/R=23.4

c uu Kitoh(1991)
=) —_——— VYV o uu
q 0.3 —_————wW a vy
o~ | e Turbulent Poiseuille flow sy
=
2

£
20.2
=
o
>
=

£
-]
~
Q
=]

2

r/R
Fig.4 Turbulent intensities at z/R=23.4

0.02
£
o]
S~
Q — v
— —_——— W i
= —— uw i
R Turbulent Poiseuille flow —u'v’ ! ‘
£0.01F (s
-} ;!
S~ . '
s /)
— /o
3 S
= \
£
-]
S~
Q
>
2
0 r/R 1
Fig.5 Reynolds shear stresses at z/R=23.4
T
1 Component
0.3t
* z/R =23.4 present
o
= o Turbulent Poiseuille flow
|
0.2+
v
o/ Axisymmetric expansion
0.1
Axisymmetric
contraction
0

0 — IO.E)SI
111,

Fig.6 Anisotropy invariant map at z/R=23.4
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