Numerical Analysis of Drag Reduction
in Channel Flow by Traveling Wave-Like
Blowing and Suction

March 2012

Hiroya MAMORI



A

= W X = F

asss | (7)e 5| K 4 SR
F w38 H o
Numerical Analysis of Drag Reduction in Channel Flow by Traveling Wave-Like

Blowing and Suction

CHATFRIERA U IS T DA TR U - WHATMT K 2 BB IR O SUERET)

(NEDOEF)

SIRTCHYRIREEN T L 0, BEEEEEIEH I BRI G L < EEI09 2 ELRISR L C ool g, B
FHR KO BLE D HEEZRIE TH S . Am S TV 500— 2T 5 VAT VAR
[FIELIZ F0 1T DEE B TR O RO 2T o 72, 2 OUi VS COBEEIETO B 77 5-
L LA S IVAEAMIE I DEMFEFE TR INDTD, BERD O ORI K Y BEfERTE0 L
A IV AWIEN AR C ZAUE, BEEIRIURBD S ER SN D 2 DR BITWD. ZOHRA
B 2 BEmEA TRORRH U - WOARGIEIER Sz, ZofilEny, &2 4 — kA
> 7 il & FIFREE OEEEIEH U A 152 Z L3 TE 5. BIFATIIRH L - BoAA A TR I
T DHMET A ATAEDHE 72 DT 0OEE LS, ZOIA B = X A& IS U7 hifEEng 2 X
DTS A ZAFEBO R IR, £ 2 TAGRSITIE, ORI U« WOABHN L 2%
0 FEM7LEEEHRURIR A I = X LD L m LA VAT DR O EZ BRI E L
TR 24T > 72

FT, JEIR N OBEEIREURBEN ROV T, BYBIT A WA Lo T, ZOEEA =X
LENAHBHROBLEIN DI BN UTe. BEMUTEFOREETIE, TR & A THARHEN C L v &=
PRATIPRBEFREL & B 7 LM CIREAMNAE U D 2 & ThA )V AWNE DS S 4,
T RN BRI T 5- L QD 2 L D3oyinoTe. ETREmEI TR ONAEEE, R, Bk
PRSI &0, BHEASEE KT TESIIA T —Y 7 &4, ZiUudifEidA oREmiREIRTE T
HHA M= ZRJEE OMEMEZFRFSZ & B GNI L.

RIZ, RN LA )V ZEDELI1T DRI L OV OB UK A 7 =X LDV
P R 2 b—a R WTA Lo, B T CEEEIR U MG by, —757, TR
FFIAEA T CIIBREIRE SN U7, BB ORI A 53 DIFIK T 5 LA VA AW
5 U =R i i LR, EIRONT K D BRI~ D A7 B IR TS D AvTe A T = X 4
ZMWTRHIITE D Z L300 hoTc. IR L - WaAAHIRE & OHAg D212, BEfmEEE s )4 1]
WEHEITIRIE K DHIHEEDFI DWW T O AATY Y, Z OFIFECIINANEEDE 0 O RDEE
PHHUREMG DD Z DV gnode. Ez, ST RV FE L ZE3T DN E e, LA /L
R JE S FERAZ AN T DT RV TRAE 31E L G LTEBEBU L TR DD T H R LTz

BRI, K@ LA N ZEOER T CORRERIR ARG T 27201, at—L > MEEET
NWEERA LT —Y 27 4« v alb—ra w2l ZOET /UL VELNIRERIE,
R A NV REELE CIEEEY 2 2 L— 3 U CE LN EEIPUEOV R R L, R, FE
AN & HITHEAY L < —F L7z, £ LT, TR L « WaAZHZ K HHEBIRO LA VX
BURAFIE TGN & DV Tz,




SUMMARY OF Ph.D. DISSERTATION

School Student Identification Number SURNAME, First name
Science for open and
environmental systems 80946749 MAMORI, Hiroya
Title
Numerical Analysis of Drag Reduction in Channel Flow by Traveling Wave-Like Blowing and
Suction
Abstract

Flow control to reduce skin-friction drag of wall-turbulence is worth studying not only from the
scientific point of view, but also the industrial one. The objective of this thesis is to clarify the
skin-friction drag reduction mechanism of a traveling wave-like blowing/suction control in a
fully developed laminar and turbulent channel flows by means of numerical analysis. This
control is very simple, while it induces a large amount of drag reduction without using any
Sensors.

For the laminar flow, an employed linear analysis reveals that the skin-friction drag decreases
and increases when the wave travels to upstream and downstream directions, respectively. A
detailed phase analysis reveals the drag reduction mechanism. An analogy between the present
control and Stokes’ second problem is also found. The mechanism and analogy are confirmed for
wider range of parameters.

Direct numerical simulation is performed to investigate the effect of traveling wave in a low
Reynolds number turbulent flow. When an upstream traveling wave decreases the skin-friction
drag, a negative Reynolds shear stress appears in the region near the wall. The generation
mechanism of this negative Reynolds shear stress is revealed by a three component
decomposition and a phase analysis: the similar explanation to the laminar flow control applies
also for the turbulent flow. The control effect is compared with an opposition control, a
suboptimal control and a traveling wave-like wall-normal forcing. Additionally, a numerical
scheme for computation of Reynolds stress budget which is consistent with a second order
energy conservative finite difference method is also proposed.

The control effect is also investigated in relatively high Reynolds number turbulent flows by
means of large eddy simulation with the coherent structure model. The effectiveness of skin-drag
reduction of the control is found to decrease as increasing the Reynolds number.




