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Flow Drag Reduction and Heat Transfer Characteristics of Water Flow
with Fibrous Material in a Straight Pipe

Hideo INABA, Naoto HARUKI,
Akihiko HORIBE and Koichi OZAKI

Some kinds of surfactants are useful to reduce flow drag in a turbulent pipe flow by Toms effect.
However, it needs a lot of cost to make these surfactant harmless material to the environment. On
the other hand, the fibrous substance such as pulp fibers and cellulose are harmless additives to the
environment. This paper has dealt with the flow drag reduction and heat transfer characteristics of
the water suspension flow mixed with fine fibers in a straight pipe. Measurements of velocity and
temperature profile in a circular pipe flow were made in order to examine the flow drag and heat
transfer characteristics of the turbulent and laminar flow. The nondimensional equations of pipe flow
resistance and heat transfer were derived in terms of various nondimensional parameters.

Key Words: Flow Drag Reduction, Convection Heat Transfer, Fibrous Substance, Toms Effect,

Fiber Suspension Flow
1. &

HE, HEMRATFIALF—-OFNBmEICEL T,
EL R FTAE 72 WM A % ZRR RS LR IC IR 5 Z &1
Ih, ZOENRBIBENBBEIREZFHAT5HERRE
NEEBERTVS. B2, HEEOERESTFOBR
T eEERE T D REIEER OMERNKERIL,
ENRBENRZ2EZE LCBLIEES. Z0HEE2 LXK
HREFED, Z<OWENLRINTVD.

BELBEAZITOR TS b AXHRIZETIH%E
. Bz, BEICEDZRY) = FLodxd4 FEM
AR O FBHMEH I & O E Al B 5 0% ()~ (2
R, BHLIZLBHA A HREEEA (HEkeFr
FPUAFAT L E=U LR, HEA VA VERE KR
FURAFAT UEZY L) BMKEROBERI% R
B aafE B b sb. &5z, Pak b LT
WHRIAFALTrE=DAEBOELRESEIZET S
BgE ) 2170, REEERNIZLDELR= R LVF — O

BMRAEFMLEESHRECLIVHLNZL TS,

Fossa b1, Mo FERAWEREBHER BV EOER S
Tor- . EHELL, ATw ® ~ 7z, #HR
BT (RYVxFLrorya—iu) B4 ERE
EA (B FL MY AFATUE=D A, ELT
WIKLFET ULV RNY XRFAT =0 L) BHERMLUEK
BWIR O mEBER LR ERE, BAREESMAICET D
HEZITV, —BEOH > BRTEBRORELRIT-
. TORR, KRBz LF—dmEfEL LT, &

* ERZT 1997 4£8 H 19 H.
*IEE, RLKE TR (@ 700-0082 fILHEREF 3-1-1).
* ER, RILAKERER.

EIEHRIRMAKBKEMATAZ LT, REBKRSTH
HOER, REEMZ L DEBLEO/NREREa R
Mb, BBREOEBHIRZEVTAETHIZLEER
BB Bz L.

L L2anis, REEERIRMKERZ ERICBE
& LTHIBT 3121, HeefEARERIhTY
5. Bz, REBEEAIRNKBEROERICLSEBEE
B~OFERTEAZMEEL 2D, 20k, BEHRAR
EOBEIZL A REEHEAOREREER EOMIGE
DBEISN TV P ERMICE, FREEERRMA
BIREF URBIEGBEHREF L, »OREAFKO
DIROCEMBOERDBFE LY.

WXROBIFEE LY, FEEEAICEIRE S F UMK
BEFRBEARLZRTEMBAIE LT, 7747520
XM OB, BHERRE TOFRENRE S
NTEY, MEMSRERREBIKIZ SOV TILEES )% Daily
5N, BMEREFBRBRIZOVTIZEDS O
WCEAHERENHD. L2LEMRE, ZhoDBE
HORBIBERSCEGERME IS D EHBE S5
MICHRES LEFERE XD NI > THS.

AR THE, REEERILUAOL DT, £OKER
DREBEABEGRELRL, POBREAHOLRVE
MAFE LTCHMEERRMBIZREL, B ¥ —6
BEA L L TOBEAREBEI L OB EFEO R ER
FMETok., Sbiz, BRNEESMBLCENRES
FOBENS, REHER & BGEFEDOA I =XLD
fREAERA TS, BRI, BEATODRZ VI
ML RIEMBIBINABRIZ L DB R X — k2 B
THEBEBORBEEIT .

— 178 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

MM E R BRI AR O EERHRENET & L UBRERNE 1463

TS
A RAAEHE, o lhEA () ¥R, C-EERE, Cp:
BN, d BN, 4, BHMR, 4, NVTEIMEEERR, L
EHEEX, (EX, N B, Nu: XbB/IL N, AP:
[EHBK, Pro 75 bV, Q: BB, R: B¥E, r:
FE, Re: LA /) VAE, S BHRE, T:BE. AT:
HKBRHEEADDBREZ, U,: ENEHRE, «: BATHK
W, ut o BROTIEEE, v BELEE, yT o EROTIREE

XYL FTXF a @ FHBEEE, vy EANE
B, 6 (BRI LORA (B2) HIEEE, o kM, g,
BT REEE, 7y BBYMERSEE, n o1 HLKSE, < AL
< U E, A BRI E RN, o B
B, o BE, t RAWISH, t,:iyOBICRITS
HAMIS S, o BEEY AW ST

BF¥  H bv—F—, iin:REEAQ, m: FH,
P ITHRME, w AKEIKORMEIZ & B ERTH,
1: S TR WREEHE, 2 Sl I - i
2. FRALERDERERESA

AFRTIE, HRELS FRRAEEEAICKRDIKRE
EHRBEAE LT, "L MASEEEBH L. S
THMET, MEEERTOIEBBETHD D, AR
RTCODMPESTHD. 0, BEICIEZLE
BiIBDTORL, FERRBERERATHE L E
ROND. NUTHMED, KICBBEREE2/RE S
FHHE/NLT—R (Cellulose) ZEXEMD ET B0, Kiz
BRE L2\, O SVT iR B S B,
BE, BBKE L THDLNRS.

14, KPIZaBBETH\VT#iikE, <17
RRAA—FIZLoTRELEETFTABRBERLELD
THDH. W1 &Y, "ATHHEER 1%, d,=6.45~29.0
pmBARIZHEB LTV, —F, XULTHEOR XD
EZIToT2HER, "L THHBEERICH LTI ~2MER
EORX&BoEHME Y, ThULORS (5018
BE) 2B oES#HO 2 BEICKII SN 2 & H
AL, ZO2BBEOBMEBESERINEZERE LT
I, "V THEERKICOBEBERASEIBRICHER LR
B3 (F&E 12mm, [ElEREL 8,000~24,000ppm) 12 & -
T, —HORVTEENRIETENDEEZLNS.

Fig. 1 Photograph of pulp fbevshuép'evhs' v "

—179 —

L
20 m]' .

r.

Ny = 100
M Lom = 0.796mm
Sp1 =0.347mm | |

[T1, 1
0 1 2 28

Lp (mm)

Fig. 2 Long pulp fiber distribution
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Fig. 3 Short pulp fiber distribution
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Fig. 4 Schematic diagram of experimental apparatus
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Fig. 5 Schematic diagram of heat transfer test section
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Fig. 6 Schematic diagram of LDV test section
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Fig. 7 Relationship between u/U,, and r/IR
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Table 1 The pulp suspension viscosity

Cp(%) 0.15 1 030 [ 0.52 | 0.55 | 0.60 | 0.70

T,(C) 12 12 12 12 |15~18] 12

na(mPa-s) | 2.38 | 3.08 | 348 | 441 | 3.79 | 5.67
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Fig. 9 Relationship between A and Re
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Fig. 11 Relationship between Nu/Pr'® and Re
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Fig. 12 Relationship between T and r/IR

»le

=

le
]

S
—

Fig. 13 Model of pulp fiber movement
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