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Flow properties of wood pulp-fiber suspensions in circular pipes
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Abstract

The flow characteristics of wood pulp suspensions in circular pipes have been investigated experimentally. In studying the
flow mechanism, we mainly consider the yield shear stress, which represents the fiber-network strength in the flocculation of
pulp fibers. The experimental results for five regimes, into which the flow was classified on the basis of the behavior of pulp
fibers and the flow characteristics, as reported in the author’s recent work (2010), were correlated with the fiber concentration
Cs in equation of the form r=aCs” where 7 is the shear stress on the pipe wall and a and b are constant. The yield shear
stresses were determined by the measurement of the pressure loss. They are not dependent so much on the pipe diameter and
become large with increase of the pulp-fiber concentration. The flocculation of pulp fibers starts to become loose near the
pipe wall when a shear stress exceeding about four times the yield shear stress acts on the suspension. The values of the
disruptive and dispersive shear stresses are formulated as simple expressions depending on only the fiber concentration.
Furthermore, the corresponding critical and turbulent Reynolds numbers are presented. The pressure loss of the pulp
suspension in the turbulent flow becomes smaller than that for water, and the ratio of both can be expressed by a simple
empirical equation.
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B L TR OE BENEERF OWENRFE 25 2 &1, P TRICBW IO THETH D, L 7IKIE
ARMBHEWE & KRB L T2 b DO C, B OFEES ik & 72 2HIkHE L 72 BEEDE NI L > THEZ < D
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DIRLRNBHE FT 5. £D78, 7V ROFAUTIGD TIRRE Th->Th, KEITRR TGz E %2 2
T5. Tbb, MEPNEWNGEIIE T LRI L7238 2R L, Ao TERE RIZIRE O
1/‘%Eﬁ@%hfﬂﬁ@*{mﬁg{mﬂ& 720, SHITMENAREL 2D LELE L TH—WE L L TOWMNRTE D K

b5, ZOXI I Ema— M MEIT VOV TBHEREN R R DT EBEE L 720, BRI TIIEMmR THER
5 FRT, 7OV TIEHEREE 23 1 wi% 2l 2 25 &I U, DA U CHETHERAP 3K - i MEZ <3 & 5

2!: 301 B AR RATROUE 81 %4 823 B (2015), No.14-00242 DFEGRTH 5
ORI TR TR B, IR BRI #d% (T739-2116 IABRIUABTER S HO 1)

E-mail: sumida@hiro.kindai.ac.jp
2 MHIYYa—var77/mny—X () (T676-0008 Sukbamibifise e 2-1-1)
RS - A WFEREE)

—101 —



12720 (Robertson and Mason, 1957; £ [, BEA, 2010), & HICEVGE TIXHARAKROEA L0 HJENHEINO0
BT 5E912H7:5 (Lee and Duffy, 1976) (X1 (FH, BEA, 2010) ). Z D L5 22 L 7RG OREE
[ZOWTIE, 7SIV HRHEA BB ERIR IS 7 Ak L 72/t 384T (Dinh and Armstrong, 1984; Dong, et al.,, 2003) S
TV, WA B2 e B O EMERIRINIC I E 0, SO V7RIS EIT 2 i E— = R OBIfR A
B 21213072 0 imVIRIL T& % (Cui and Grace, 2007)..

L Z AT, #F (Robertson and Mason, 1954, 1957; Forgacs, et al., 1958; Duffy, et al., 1976) (2 X 5 JE/HEKICEIT
HREFRAET 5 &, RE—ERKROBRITERNES SV TR EIOEWNTIS > T, L L cRE
nCWb. Lrt, E=a— boMEiB<RmT 1| wta B2 57V 7T, BARKIICRT 2 E KO X
SUIRERIE ST ORE SIZITFHFIL THER L TWA L2t Az b, —J, ElkEh=7 v v 7 OEEIZON
TIE, WEREBEZRFHIAETIRWHESNTE LT, BN LBRICNZEDO—2DEEL T2 6B 6N
5. MAT, WAV THHED 7 1 v 7 BRIV DINGM 2 RT3 2 &b, TR W TITEEZRGE (5
IREEFPRREGNT, 1990) & LTI TV D.

Z 2T, AW TIEMEN, VT HRAUCOWTEIERZRE L, BEROME (AH, A, 20100 255
WV E 3 LT/ N — 81T D EE T Bt AW NS IIE T OV T HEHER L & S0l 08 F N O 28
ZEBINCHOLMNICT S E & HIT, FTAEHEICOWTO LA r O—iEE L TN BT 7=,

Log (AP/L)

/ Water

Log Ua

Fig. 1 Schematic diagram of relationship between pressure loss and velocity on logarithm axes and flow regime.

2. RBEESIUHZE

2-1 REBEE

ARFERR T U7 EBRESE OMIIE 2 X 2 13, FERESES, PR CTH 5 OV IR 2 a2 8 IR L ik
AAE I K OVER 2 DI STV D, FENIRIIIEER AR 7@ L 0, BHEO &Rz ME 2 b
TR 2 v 7 OBt & F@O % @ -> CHEEBRNOICE DNk, FORKRY 7 OIZRS. ZOM, R
MENEBMREOICL > THIESND.

IS IRICIE, B d (R2a) 238, 10, 21, 22 B X040 mm O 5 FIEDOBIHT 7 U VEERK S L O 7 255
BAERWE. FEBOESIT2~5m T, BHREDE ST 1~5mm THDH. FEEAL, B S 07mIc
re& L.

2-2 HRFE

R L WRIZIE, BRI PEROREICBIER b <M I TS 2 7 /317 (LBKP @ Laubholz
bleached kraft pulp) Z M\ 7z, JEREHEIEIZTILHER T, £ OWBHER S130.74 mm, EKMEZERT 7Y —% AT
53ml TH 5. BEDD, kUL T HHEOIIRTEE %X 3 1ITRT

FEBL, OV T AR ST T E DR RRE G IOV TEBOPHIE CTHEA SN TV S 1.0wWt%
LUR 286 @i A~ T, Cs=02~ 3.0wt% O/ L7z L7z
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Fig. 2 Schematic diagram of experimental apparatus.

Fig. 3 Photograph of pulp fibers.

2-3 RIEAE

VTV OREILE B IR X OSHE SR OV T T, R TRl L TN ORR 2818 L. 1D
HEOHEIETIE, 77 VA ROMEVERICEE 0.8~1.5 mm OJENRIEILEZZHT T, ZOREFICEE LI-AT
VL AEICESE LTDEEE 2 L C 2 R OE S EE IR AR o HWE Y S A—Z T8 X, FHIILTZ.
AR, B 21T T K 9IS T ARG I A TR ARSI O THEYIENE CITo 72, AIMEYEIRIZIE 2 B o
ABZNNT A RT 2T (150W) @O HHEK 1 mm OFATA Y » MR LT, & Fu0dhz & e EE N ot
Z EJ5 8 0 @il AZ (Photron #15¢ FASTCAM—1024PCI) ® THsg L7

EHRT AR L, FERELCHIE C & S &I Er (UVP: Ultrasonic Velocity Profiler), Hif4iit# 7t (PIV: Particle
Image Velocimetry) 35X UNL—% « K 7"Z —jiiiiit (LDV: Laser Doppler Velocimetry) &9 3 DD 51E% ' H
PEH L TRz, 37 h, R L 7 HHER B OO m\ VE BT 58OV T UVP, RWRE OGS IO
BHEEMITIZOWTIZPIV H 5T LDV TRHAIL, BT — & ZA4fise L CHRESATE 2 KD 7=

3. HRLEE

FHEOITRORE (A, A, 2010) IZBWCTEHEZ 7 NN/ VTR ORGHEREE 046 % R, /v
FHEFBY OB G, WEAUEE 4 OBAPUTRT LD BRIDDONRE =K TELZ LA R LTS, 4
HONRZ—2 1T ~VIE, K1 OESERE PR OBGRZ R LT L3R L Cnd. ek, BN/ LT
WIEAUZ DWW TIRE TR & RO BUR D HAedE, 1A K UL D 3 127558 (Robertson and Mason, 1954,
1957; Forgacs, et al., 1958; Duffy, etal., 1976) 7TV, 1 & ONAMeHE, M EIVAREHE, VOSELTIZ®HE LT
5.
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Fig. 4 Typical flow patterns of pulp suspensions Fig. 5 Pressure loss for several fiber concentrations for
(Sumida and Fujimoto, 2010). d=22 mm.

(1l

F7°, MEEEEBNOEIBELEOMERERO—F %X S ITRT. b OENBK EEHFRORIE,
% (Robertson and Mason, 1954, 1957; Forgacs, et al., 1958; Duffy, et al., 1976) OFEERTH W HIL TV D FHEHE/ S
JVFIFMEIOENTH > T, BELLZZHBRTREIN TV A, S TR TVA L 91T, L0 bITEER 1wt%
EHZ D7 VVTIRTHE, AKOEGEIZHATEIBHRIIRIEICHR L, i ds TSR OB & 53>
DOTIENBEENEDT 2 &0 R = MOKENRBETE > CHHE L 72D, & DI TGRS KT DOSE OELE
JERRARTREL D R&EL 2D E, 7SV FIERAIVUTELIRICER T 5.

ZD XD IRIIER DAL ED K D 7o ffF FCRBLT 200, WEEEARB R S2320 N (Cui and Grace, 2007) .
FNODORER LT D7D, 7OV TlHEOEE ) TR ST 0y 7 3RS D DICET DN %
HRTHOIVERS D, LOLARNRE, FEICOWTIE7 e v 7 OIRReZ iR L CHI%ZT 535 (Robertson and
Mason, 1954; Hill and Eriksson, 1976; Davydenko and Unger, 1995) #3141, %&ICOWCIEZ 014 (Duffy and
Titchener, 1975) RHEINTWB OO, MFEENZEE LIZHRIZEE SOMBIREY RbT-6700. £, &FF
OUTHEML DB 2 7o OIZITERE NG DYy (BAWNGT)) BLET, ZORMEN 2RI FHEE S L
THEHBRISHPEREEZ TS, LIF T, APIL—U, RS b imEiFsE (K 1 OF%) 1o\, k
WOBRINOBREHED D Z LI2T 5.

31 EHREEmEOMEICONT

POVTRFAIVTHL, B4R £ 91 VT RHEDSE BB TG & A EFE LR WRE— 2 RBRIC 2 5 TV
. D, WAWIES & AMNERE & OBMRIE, ¥I—0D=a— N ARKOEE & 1382 0 BRI T
%, X 6 \EHEER EORGEE u, & B EEIGER U, & OBRE d =22 mm OBEICOWTORT. X6 ok
Cs=0.8 W% [ZOWTDFEN T — v BT ABTH 5.

BER BRI 1, 1%, EHERER EOTAMIS ST (=(AP/L) d/4} DO O] U=U (r) Z VT,

Ly =1/(=dU /dr) ,—, D

72 DR ORI U, BER LRy, (3= 2 — P ARIKTH 2KDBE LD bRE L, 7OV THEIREE Cs D
Bz oM TRT S, Linl, ~F =2 I ~MOBERTIE, U, OIS TRD LTWD 2 EN0hD.
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3:2 EFREUE—IBLUI) OFfihEE

AFEEBNO SV TP O VT ML, SIRRECIE~ v MROBEEZ 29 2. » VT ENBI Xtk 5 &
~ v MRO EHEITIR & oo TERE E3Y, 7u v 7 MRS TV TRITERIE « i FOMXN R E# 235
ML 7ed. Wbd, SVTHIFEKE A LCEY, MEMREEZ R OTZOIEb S KE SLLEDESZ )
FLAMETHDH. JEHOM 5 1L, WEMREDSREESITWD FTOAP/L—U, i Th 5.

BeRIG 0%, R CRIR e iiAL a3 U7 REDIE 1R 5,

7= (AP/L) d /4 Q)

ERkoong., FOMEEZKTIRT. K7 Ho @ENNIS (1992) OFEE (d=50 mm, LBKP /XL @ 7
U —RA1F230~470 ml) TH5H. I 7 HFITE, #%ikd 5 X5 IZnniERE Lis 7 & Ao 5 REmE A
Wi, B X OWHNSENELTHE Lz & R 58 AWIS 4 OFER LI TORL TV, BMRISH5iE, ]
T OFRFACE BNRICBR T 56 2 L 1B 2 61508, BRI Cs OAOBME LT,

Ty=A Cs" ©)
DO TEREND Z & RERANIZE S TS (Bennington, 1990) . AZEBRD LBKP /)L 7R OFE R TIL,
7,=0.28 Cs " (d=10~40 mm, Cs=0.4~3 wt%) 4)

Th5D. nOMEIE 0.4 wt%LL FOMKIEIE TII AT YR RRE VDR, FENE d ~DEFEEIBIIER S .
72E, NEHEBEm T OVT IR Cs N3 wt% Z B2 5 E2 L, F5wt% TIX 25 & 725 (Parker, 1961)
»Hb.

RE = T T OV T HFHETBIR & 22 THIERIICEEI L (K 4 (2), ERREER & SV T HGHEO RN Z Of
RIS 0 \CFR S T A BIEEE ) AT AET 5. FRENOINT 5 &g sy — o M 720, EHRBER FIokD D

102 . . .
©
T T LB ] o
0.04 - Cswt% o 10" ]
® 04 O 1.0 5
@ A 06 m 20 e C N
& 0.03 A 08 v 254 5
I v 3.0 e
= i B
002} *a, I i 5 100 |
5 m v Vv A i .
N v . 2 ° V. [
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10 10 Clasmils 10 b =5
o
=l
Fig. 6 Relationship between viscosity 4, at pipe wall 102 » ) )
and mean velocity U,. The broken lines in the 0 10" 10°  Cgwio
figure show where the flow pattern of Cs =0.8 s Wt
wt% divides.

Fig. 7 Relationship between wall shear stress T and fiber
concentration Cs. 7,: yield shear stress, 7;: disruptive
shear stress, 7, : critical shear stress, 7 : turbulent shear
stress. [T]7, from Ogawa et al. (1992).
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PR HIEFICHEOEBRINE N S ED D (M, A, 2010) (B4 (b). L7=A- T, EREEmICITEHESL O H)
JEEE I KERFRAR DRENE N DX AR B < = L2 0, [ESHERT U B L THERT 5. 2o X 5 IT&iiE Tl
RVTHRITC L T EMEAEEH TS, F LT, ZO_Z— 0 1 TIEAKBEE S5 IO CHkHESLOBER & DB)
FEE NN S S, BEME _EOREE 4, 13 8F — 2 T OEICHNTIEL 2% (X6).

3:3 hfE (/RA—VI) DOFhEE

B 8 12/ % — MO I UT D g, & B FEIZISIT D BT ORE y, Z2n7. K8 HIZiL, /MG (1992)
DI YRR T RO Tz, D ﬁ%(mQMmLumPAw7)%rwaé.::f,%uﬂw7m#w%ﬁﬁﬁé
b h, BRI OEE G4 % L CRENT 5 =2 — b Ui & e LA ORE T, W TRSNS.

pa={a’/(8U,)}+(AP/L) Q)

TRAVHSEBRIRE & Wi PR ORR RN 5 72 5 /)7 — TN T, SEEIFEEH U, SR E < 72 DI TSI T s oode:
LSO T, KBRBITES D (KM4(@c). TD=, %@L®@Amﬁf%iU@ﬁm IR LT R
DI, w0 UK U ThvIMEZ R~ (K 6). DF Y, BERFHIICHIT 57 VL7, ~Z—r 17015
I £ COJFFRIRAE Tl Shear-Thinning PEAFERD HILD.

A —MOFNFEE T, WTNWOREDOSEA by 13w, L0 b7 KEL, ZOMEITRE/ENS Cs &
d BB ROFERA (d=10~40mm, Cs=04~3wt%) TETILENTES

Ua=2010 Csd>! (4q : Pa-s, Cs:wt%, d:m) (©6)

BEm EOBRIRIEIIKITEVEREDOE TH D, Lz~ T, MHERENE Cs O/ VT HRINVE BN &AL T
WTh, ZOMEENOBERUTEE O RPEHEREIZ 13 H F 0 2 knd7zuv. )y, SV TER T vy 7 E iR
@%%ﬁﬁi Cs WE DI EEL< 78D, ZOZ LI, BB V7 HRHERE S, & REEm DS & .0

WS THEMLTND Z EE2RL TS, FEBARNKE L RDIEEWHEMNIC S D DRREOEE AR E <
72 DT, FREROBREEIMI D72 72D,

HIRRIT, 88— M OBEF AT 1 0 | TR Tldd 528,

Ty ~(0.46~1.1) Cs "’ 7

TEbEND. EXOEMAFMIL d=10~40 mm, Cs=04~3wt% T 5. tyldn & FEE d ITITEEL TN
Z O & ZEEERER L OX AMNEE y, 2 KR DIE X 52 VT,

Vo= (~dU/dP) y—o~ U, /S 8)

0.5 T T y T v T

oaf dmm so 4,
| |

Ua, Ly Pa-s

_01 1 " 1 1
0
Cs wt%

Fig. 8 Effects of fiber concentration on viscosity £, at pipe wall and apparent viscosity z, in pattern II1.
Ay, from Ogawa et al. (1992) (LBKP pulp, d=25 mm).
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LI H L, SIE 1~ mmBEL RG22 LN TED. STV Cs 3E< e 513 L, #<5
boLEbhb.

3:-4 BFE (F—V2N, V) OFfiniE
NE—=MUZBWTOEEREN S HTREE TREL 2D LR OREIIEE Y, KEREOE S FHMLIZL <
725, DI, KERBRITEEABITEN & 720, BELOKERERE D OMFHESLIIENIED 5 (RZ — 1V, [K 4 (d)).
AU, BEm Lo, TS5 (K6). UL, BEm EOFAMIGT O KE SIZIZbE VAR, 1
Er= 1.1Cs T DIEA TS . HEBLIIRRRIE 11 DK 4 0B AMS 17, (K7 ho— S8 250 TR D
TW5.

S DI AT L, 2OV IRIRAUTE T B LTS ERS LG, EJHRKIE U, DI 2 CTadic
KT2 (K1 O P). BEIIAKRBEBNOEAMIC NG . U EIZRD LthE DD EEZ LR, TDER
HE U, %

Upeor (7.,p) * ©)

LB ENTE D, EBIGREEAMIG I (7 OmEY) 1, X Q) LIEEEIC Cs OD_REFEITHMILTRE
725, Thob,

~1.7Cs" (d=10~40 mm, Cs=0.4~3wt%) (10)

L AT, WATHRIRNOEIERIE, =a2— FAREO LTV A 2 ZEE WD —DOMERTTETRET
D2 EFEEL (B, 1959). S50, BEEA->TATH, INETHRRTE L) ITRESIEIZE - T
BT B0, TOMERD D Z EBRRKNHETH S, £ 2T, AR TIIER O & 2B E L CKOEK,
FE Ve 2 FANT, B LA ) VA Rec &

Rec=U, - d/Vyyer (11)

EEFRLTEET S, A AD 12X 9) BEW (10) 2RAL, BBELA JVAENIRE Cs =0 T Rec ~ 2300
RAHZEEEELT, koBGRAIZEL.

/ .d ].30.
Ree =k XL P% o300 -k, E 29 5300 (12)
Vv

water water

Z 2 Td=10~40mm, Cs=04~3wt% Th b. K IZTTEFLRET, BIEHEREEHNTROLIND. K912 Rec D
TERERZ/RT. 728, X9 HIZIZE HOTLTIREN R SN2 LA IV XEL Ret DFER L TR L (K9 (b)).
X9 @75 K=0.75 LREV, BELA /LA Re,c ITFEMTRINHKRATIELIZTR R TE 5.

CS1.30 . d

Re,c =0.75 +2300 (13)

Vwater
INHORERIL, 7V TIROENTENC DWW COKOEEPFIET 5L LTER (1959) 2370 L7 NZ & BN
WZ—87 5.

PHE A X HICHT &, ERIREITE PO E TRO, EENEENELTRED 2 —V (K4 () &7
5 (K1DHP). ZDk ZEEH EOu, (FERMIEEZ R L, TOMEIZEAET S (X6). £ LT, WHALnEWimN
EIRTEFUE Uiz & A7 2 BEmH AWIE ] 41

7,~3.3 Cs"’ (d=10~40 mm, Cs=0.4~3 wt%) (14)

EREIND. ZOr, DEIIERIG T 7,059 10 265 T, FHNO VT HHETITIE R8T 5. 2oL
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~109F - . ] [x10°%] :

o dmm [ ]

N O 10 ] | 4

g ' a2 o g | !
O 22

e " " i 1 " " " s 1 . " " " n 1 1 1 L 1 "
0 0.5Csl-3.d/v t 1 [X105] 0 0.5 Cs1-3.d/v t 1 [X105]

(a) Critical Reynolds number Re,c. (b) Turbulent Reynolds number Re, .

Fig. 9 Critical Reynolds number Re,c and turbulent Reynolds number Re,t. The critical Reynolds number Re,c and
the turbulent Reynolds number Re,t can be expressed approximately by the solid lines with Egs. (13) and
(15), respectively. A: Ret from Ogawa et al. (1992) (LBKP pulp, d =25 mm).

EXDOLA JIVAE Ret (= Uy, + d Vi) 1L, X9 b)HE (13) EREERBHRKTERREIND.

1.30
Ret =125 4000 (15)
1%

water

7%, ARFEREEFITANIS (1992) 28 LBKP 2 L7 RIZOWCIE L7 E/HEIHER (d=25 mm) 2> 5 A S
L% Ret DE & b RIE—ET 5.

LA IV ZD Ret LD HREWVIRIVTIE, JEIHRRAP IZKOHE XLV /S <, ZOEEWITRE Cs
DELRHIFEREL Lo TND (K5). 22T, Sk (¥ —2V) IZBTFLENHEEOT —Z b0
¥ CEEEEIRED) A% R, KOBEEESEE A E B LT, ZORER (4 M) 2101277, X110 HIZ
%, /MG (1992) [(LBKP 73V, d=25mm) X Robertson > (1957) (v 7 7 A b UL, d=22.2 mm)
ORERERNSFEH LB SR Uiz, SLIRIE CIIRIURELIZE BN d 1268 &7 K%

M2 ater = AP IAP, 0= €xp (-0.18Cs) (Cs : wt%, Re>Re,t) (16)
THRTZLENTEA.
P
5 d mm
o's
~ ® 10
= A 21
= A 22
1 M“O |
0 1 1 " 1 " 1
0 1 2 3 4
Cs wt%

Fig. 10 Effect of fiber concentration on pressure loss in turbulent flow.
x: data from Ogawa et al. (1992) (LBKP pulp, d =25 mm). V: data from Robertson and
Mason (1957) (Sulphite pulp, d =22.2 mm).
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Fig. 11 Distributions of turbulence intensity (U,=2.0 m/s, d=22 mm).

X 11 (ZEEF AR U % LDV & AW CHIE L7ZEL N OR & v &2/~ BEEITEO LRI X, AKROGE &
DN E N EPHERTE D, T X9, BERAHI T OV X 0 s il S s o, TESHEK
X Cs DIz SN TR T 26D EFZZ D,

INFETRTELLDIG, WME—ENBEEIFOIARIIBERIES) RS b TWD 2 e bhbd. 2
T, o/, BRO 1,/ Y BT THO SV TEOGEORER L b LT, —MRMEIZOWTERET 5. £ O
ROFZ 12 12779, LBKP 7SIV 7 &2 W ARERFER CIE 7,/7,23.9Cs ', 1, /7,~11.8 Cs "' LRI,
12 OISR KO CENZIUR STV S, ORI, v 7 7 A R L7V O 11 5 #i#j (Robertson
and Mason, 1957) (TR STV 3Z — 2 T D F/ N CORAWIS I Ofi % 7, & 278 L TR Licr, /1,
Thb., SHIZAL AR, Duffy & (1975) AVERKEER EOWAMREEL 0.014s" & 22 5B AMIS IOl 7, &
BWCEE LTc g,/ OFERT, A (AHD) X BKPP /XL 7% (Bleached kraft pine pulp), %% (AFI) X BHKP
7V (Bleached hardwood kraft pulp) (Z2WTDHDTH 5.

INHORERIE, "V TROFEFNR R > THTH, FEELORREMR—H L TWLZER@BHHND. L
Tein =T, 7V THRHED 7 1y 7 IXBERIG T 7, DK A 15 TlERARD, E 7% OK) 10 5T AW 25200 5 & —
FRIZBT 2 X 912700 L0 ) BIRIT M2 A L TR, o TRIZOVWTHEATE S0 EE X B

2.

50_ — —
o
<
B Tt/Tg
R I
S 10F -
§ @) o (e}
P
5¢ A___A______A,_-.Td/To -
_—‘— A
1 i | M NS | i n " | ST Y
0.5 1 5 10
Cs wt%

Fig. 12 Ratios of disruptive and turbulent shear stresses to yield shear stress. O: 7,/7, from Robertson and Mason
(1957) (Sulphite pulp, d=22.2 mm). A (bleached kraft pipe pulp, =53 mm) and A (bleached hardwood
kraft pulp, d =100 mm) : z;/7, from Duffy and Titchener (1975).
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4. &

B SV TR OTE BN OTRAUZ DN T, BEROTEI N — L OFFEICEH & DO CRENFFEZ B L. £
DOFER, UUTOZ ENHLMN T,

() SAVTHRITE T LEEZG L TERY, ZORRRICT o IXEBNRICEF L0 3) oFitRsh, it
B— AL L > THREMS T bR 5.

() 7V TIROEREEm ORI Z — MO SIVIZHIT ThRAMEZ B, 2D & Z 0" AWIE T 3= (7)
TRIND. bl FHELAH LTS o O AGE BT EAWIS 225 L, LTt 7 m
v I3RS B

Q) "IV TEDEBERE LA ) VAL Re,e BLOEAL LT- & RARE D LA IV REL Ret 1%, FEH LD RIS K
OEEE Z A= (13) BLOK1S)TENENE SN, EBITRENREL RDITEREL 2D, £z, B
S 771 DR 10 Efs D AMIE IR SV TN D &, SV T ZIE—RRIC 08T 5.

4) FEALEEERITROEEKITN (16) TERTE, BENEL RDIFEKRDEELY b/ kD.

B F33
ARFZENZ T I TN T2V T8 REI R (R o Y A= XU X (BR) 8L v A b () BRI OVOL TR %E
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