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Vortex Advection in Periodically Converging-Diverging Turbulent Pipe Flow for Drag-Reduction Effect
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Drag-reduction effect of turbulent flows in periodically converging-diverging pipes has been examined by using
direct numerical simulations. The friction Reynolds number is set to be 110. The total length of the pipe is
160R and the converging section length is 45R, where R is the averaged pipe radius. The drag-reduction rate
varies periodically in time and its average is 17 %. The flow visualization shows turbulent puffs traveling in the
streamwise direction and we discuss relation among puffs, streamwise vortical structures, and the drag reduction

rate.
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Fig. 1: Schematic of pipe shape.
3. #HER
AR VT 350 2 ST BN 1 (1), 36 (2)
TER SN D EHGURE Cr L OMHURER Rp 27
Cr=Ds+D, (1)
RD _ Cf,Blasius - CT % 100 (2)
C'f,Blasius

ZZT Dy ﬂiﬁiﬁ@ﬁ‘ﬁ?ﬁﬁ%ﬁ, D,, 135 i = R bifR
#, Cf Blasius | % Blasius ODJC )3 B3R 8D 7 B A8 D B i

ﬁ%@ﬁf%é AR T DB TIRBU R R
0 ﬁﬁ Z

X 2 #kﬁ¢£ﬁ@ﬁ@ RS R 2R %%#
VRALIT A FEAE 2% HEdh2SHREZ) ¢ TH D, ImOFEBNC

W5 QT O W A — mm®%muy_4makb
THW, ZORIZBW OIERANEOTEERL TV D.
Mi/NEBEALD O (2% =0, t* ~ 13) D H A LD R
(X, ELFE X7 O TFFRAS~OBFIHIE L TB L Tifth

BRI > TV 5D, ZOHRNTH~DEH/ 7
DRERIRFA ,&L®ﬁ#ﬁﬁ%%®ﬁﬁﬁMkﬁmm
BN 5. PRI TIMNAWVERN L A5
m\_n6iﬁmn7®ﬂﬂ@A¢ FRALIT AN Hih & FF
OELIEI DA AL ﬁﬁbfwék%x%Mé

X 3 1B HHURE Cr K OVENIZRIT D IBORIEES D
H#Wth%nﬂ‘iﬁﬂmw%ﬂ LEDMEMD Cp, 45Ot
ENICRT 2iROBERIG 2 KT RO Cp, B
%ﬁ/&ﬁiﬁ@%ﬁ%%h%ﬂ@+:—mm—om%
& LR DENIZIBW TN 5o HIRFEEIG 2R LT
5. WPURE Cr 13RI BB 2Bk E R L, Zh

Copyright (©) 2015 by JSFM



%20 ARERKNFEL VRO DL
E08-1

Fig. 4: Instantaneous flow fileds: red iso-surface, high-speed region (u." > 3); blue iso-surface, low-speed region

z

(uf < —3); white and green iso-surface, vortical structure (II't < - 0.03 and I < - 0.0005).
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Fig. 2: Binarization of vortical structure.
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Fig. 3: Time trace of total drag coefficient Cr and ratio
of the puff.
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