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Developing Characteristics of Surfactant Drag—Reducing Flow
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An cxperimental study has been performed to investigate the developing characteristics of drag-reducing surfactant

solution flow in a duct.

Strecamwise velocity distributions at six cross—sections were measured by LDV

system. From the results, the flow development of the surfactant solution was found to be very flow. Even at the
cnd of the test section with the distance of 112 times of hydraulic diameter from the inlet, the flow is not fully
developed but still has the developing boundary layer characteristics on the duct walls.  This slow development is
caused by very long formation time of shear-induced state of the surfactant micclles. The present results lead a
conclusion that the entry length of 1,000 times of hydraulic diameter is required for fully developed surfactant flow at

least.
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Fig. 1 Experimental Apparatus
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Fig. 2 Tiime-mean velocity Profiles
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Fig. 3 Boundary Layer Thickness

i, RuEHERAERIZ, ADDSESTIX, KOE
RO E I LLBEE EZERT A, RO ARIZHRAIZ
REL, BROEESFIZAE DN TS ONRbNMS. F/-
MR REIZE, FHEAEEL, BERERNEZo T
HEBBZENTES. K3 ITHEPREED 99%DE %
WS L AEBREEIERT. HICE, —a— b ki
BIsiMBLOBHROBRABEIOREXEZR L. K
HPORT Rex BN HFMES x(m]z2EHELLEZL1 /)L
TETHD. BLD, x/D <28 B0 TIE, BRBITEFE
DT, x/D=56 IZBNWTIERARBL, UBIIBHOKRR
THRELTWRHBDEEZ NS, ThOEREEMER I

IS OELFHMBEEEIC L D, BKIIBRNEEEE T
2Hb0EEbND. HNNTRRETHETOBEKXRE
ZREOL 0T, BEREBEIN, BiRoEREORER
RICLEF->TRETZHOEL, BRBEINFHEE bR
WWEETLETOHEM x;mZ2EHT2EUTOLDITR
5.

10

ZZT Um/s]3mBPROBETHD, BEEHKRED T
RRELEEESTOEZERALE. X0 REEEA
BROBEXBNIKIERDOK 1,000 £TH2ZEnbh
L. NI vIVERERINS RS - 72l 875 £/
T,
HOICEBEICL > TEHEINAZEIDHZRT. A
Wi, BEEEE ulm/s]B L VEEplke/m3] TEXT
LU 7. EiIZiZ Kawaguchi 5> THIE S /- ME
AR EELREANOEERT. £+ RELEZ
— FUREOHNBICBWLTIE, BMERBAWIEH EEHLKE
AR ORMIZY 7 FATRRPERTRLEZEDIC, &
BOMERDIENDN>TNS.

2
Xg = 'L:,—O(“]—-‘[—) = 989DH

1.0

Kawaguchi et al(1996)
CTAC 50ppm;x/Dy=68
— Viscous Shear Stress

- = Turbulent Shear Stress

Fully Developed Flow

%

2

% Ethoquad 0/12 x/Dy |
g 0.5 1,000ppm °14 8 70
o ®28 A 98
e

T ox Total Shear Stress of 056 v112
I

&

7]

0 0.5 1.0
Normal Distance from the Wall, y/(H/2)

Fig. 4 Shear Stress Distribution
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