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Flow Resistance and Heat Transfer Characteristics of Flowing Cold Water
with Flow Drag Reduction Surfactant in Curved Pipes
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This paper has dealt with the flow resistance and heat transfer characteristics of flowing cold
water with flow drag reduction additive in curved pipes. A cationic surfactant was used as the flow
drag reduction additive. The flow drag resistance and the local heat transfer coefficient of cold water
flow in some curved pipes were measured under the constant heat flux heating wall condition. It was
found that the flow drag and heat transfer reduction effect by the surfactant was depended on the
angle and curved ratio of the curved pipes. The nondimensional correlative equations of flow
resistance and heat transfer coefficient of cold-water flow with the surfactant in the curved pipe were
derived in terms of various nondimensional parameters.

Key Words: Surfactant, Flow Drag Reduction, Curved Pipe, Convection Heat Transfer

1. FiR

KR O B A AR I S RO R B EFERES (REiE
HERISUIEHRE S T%) 2EML, BET 3R
EHSIE (FAXHR) LB T HOER/

B b ORBKROEBEFH LIzEmzh R BT L
Xt ER S TWD. Usui b V) IR EE

PRI OWINC X 2 HERREEIERICE T3 £k &
BABFRYT O LR ET 21T > TV 5. ¥ 7~ Kawaguchi &

P b AXSRIZ X D ELRIMEISERE O D, L
—F—FEEHC & D REEEFEMNAKOERREA T
DFELSFACELMBEORERREFBE L TE. &
BIT, FEED ) TSR TR AR RN K O L oD
TE & ELRIREMR 2 fF U772 SRR BVR BRI B 1 5 R
REOKHFEZIT> TS, R Smith & 4 b KEMS
G FEMADMERNBBERFEOREEIT> T3S,
EEOCL., ThE CIEBEAERS & LC#ERES
F U, REIEMER )~ O ROV M T 2
WA O MERREHURR & BV mES 2T 5
WRERE LTS,

INH ORI, EICRESCEROEERRETOR
B L AEEFEOMIICERE Y TTVWE N, RENE
FEBSDREZFATIHEREY AT AETE, BEL
Mz biEx REEMBLNERA SN THS. 82, &
By OEEIZ T2 2EOHMN Y ERA BN T

* FEREZT 1999410 A6 H.

OIEE, MRS B AREIERH (@ 700-8530 [E 11T
BEF 3-1-1).

* IEA, FLRFEIEHR.

E-mail : inaba@mech.okayama-u.ac.jp

WS, ZOXSRENYEESETAEEICBT D E
B GEREICET AT E LT, 3, #
B0 TR Janssen B LY, gD &S
BIFTDKIED = 2 — b U REDFREHER SR RE
PEIZB U C, B4 L2 HBERN S 2 RIEN OFEEN K
EREEBERIITILENRESNTNS,

—, =a— NUREIZRD Y REHEHE RS M
KAV ERNEZRET HEEIIE, HA Y TREAE
T52MARLII<EERN 2 L0k Y, FoRnEs
DEEMOBEG ERERRY, Z ORI L O
GEBELEETOGBAE L ZERIEAE2RT LD L
BEbns.

AHRICVE, B MA 2 TR0 L 72 S I Ak 28 i 28
DENZME) LA O MENIEH & BYRERSM OB
PEMELELOTHD. KR TE, Ao
WEANELESCEZHRIBNORBEE 8L LT, K
BRBEREO/NS 72 ME e 2 R R 2 o iR
DB 3 1T B R EN P IRA TR AN K 0> B PR 4y
i, WMEVEHBERZE L CRATR LS R ERD EH
ERATND., RN, REEFEEMENAD
M3V EE OB BEBRRE & PHEEERICE LT,
DOEEOMMB Y AE, BBLELEF L THESDOE
BAEAME L BRI TEREEROREEZITO>LOTH
%.

FHREE
Cq: DTAC VRIMEREE, Cp: tbB, d: th)3 0 BPHER
De: 54— % (=Rex[r/R]""), DTAC : it K53
VAU AFAT o=y A TER, K RBMERRE,

—204—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BN FREIEHUEIR A SEE A 2 BN L 2R O fhiA D EER I B B
TREMEFURIAIE & SRt 1819

0 RBIMES, n: HOEHEIRE, Nu: XEL MK (=
adlk), AP :EHBR, Pr: EEST vk (=
(MGmUWﬂKB%MMM)&k%%JE%%*%,

CHERY ”"W\?¥?X Re - V/f//l/x“%rﬁ, Re’: {ETE v
4 A (=8 (G 1yan] " [(o Un " dIKY), T
B, u: RBPTRE, U,: FHWE, V. EE, x: B2
DEAD LY OEE#HE X,
XYL TXF o BMBER, 0N BEAE,
Ao EEEERRE, o B, « o BVYRER
REF 1~10: &NV ERAEDMNEER, c:
D%, d:DTAC, i IRV EAD, m: B, o:
A BHA, s BEEW, w: B,
2. AV ERICE T HREIOEE

Weske ‘' 2) B U Patankar » PP 12k B &, FiksS ik
NV ERNEZRBTAHEEICEHEN Y FTICTHmMED
WOAOIERIZLY Z&Fﬂ’i’mvﬁéiﬂ’é - T,
HRDERNIZHDREEZELEZRETCRALE=2— b
RABOEE DAL, B 1IRT LD ICKERTIERER
SRR DAL & DS LI 6 dh 23 D E R AMANZ B 8
L, BihcEELZE LI LDEo BETROENMET
LI=MIRODORFRIEE S % RT . :n*ﬁtfﬁ@
BPUERBAIRINAREHN D ERNEREBTIHEEIC
RiTER 90 1z ﬂ“bhﬁﬂ”é?lﬁ@@’)* 5 A6 O 451 (()‘“@J
BEHREEDROH D BEIZE, =a— M UitfAO#EE

DALY E E.%JE%%@J%W’UEBZN@Z'PTZ)) L RIERIZ,
K (==— b Uiith) OBEESLITRRDHmER
THOEEZ LN, RFETHE, MEHEKTHERAR
A D FREES R OBYRZEORIEZ TS > TR &
RBMIZBITI2ERELSHOREEZIT>T, HBVEN
BT AMENREOHEEZ1T - 7=,

Poiseuille FIowE\Eend |Horizontal plane]

Centrifugal

—_—
—
(S

\
Poiseuille Flow

(LoWside)

Fig. 1 The velocity profiles in the curved pipe
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Fig. 2 Schematic diagram of Laser Doppler Velocimeter
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Fig.3 Velocity distribution in a curved pipe
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Fig.4 Velocity distribution in a curved pipe (Vertical plane)
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