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Fluidity Characteristics of Muddy Slurry
with Compressed Air in Horizontal Pipe

Yoshikuni OKAYAMA"®
Motokazu AYUGAI""
Makoto SUZUKI'*
Hiroya FUKUMOTO'*

Synopsis

In recent activities on port and harbor construction works, many trials on the
transportation of dredged soft mud thorough horizontal pipeline by using compressed
air injection. Some of them are the transport system with only compressed air and
there also exist the combination system assisted with screw pumps or dredge pumps.
Such fine materials with high concentration are usually considered as insufficient
materials for normal hydraulic transportation with dredge pump alone due to its heavy
fluidity resistance.

The main reason for such experimental activities is to achieve the minimum volume
of soil disposal area, and which finally leads to minimize the amount of excess water
to be treated and should totally bring economic benefits on port and harbor constru-
ctions.

However, as far as the designing of such transportation system with compressed
air is concerned, it is eager to demand to establish suitable design methods because
that present situations are almost based upon the experiences in actual activities.
Therefore, at present, it is not easy to compare the air system with the transport
system without air by piston pump or by screw pump alone from economic view
points.

With these backgrounds, the room experiments with horizontal pipeline were
preformed, in which soft mud with fine particles were flowed by dredge pump and
compressed air was injected to the flowing slurry in the pipe. First of all, the fluidity
characteristics of soft mud slurry was grasped by the way based on the analysis using
power-law model for pseudoplastic non-Newtonian fluid. Then, the fluidity character-
istics of soft mud slurry with air mainly including pressure losses for three phase
flow was investigated under the consideration of the flow characteristics without air.

According to the results, it is clarified that the flow characteristics of pseudo-
plastic fluid used here are analyzed by the deformed Reynolds’ number derived from
Metzner and Reed, and then the pressure loss for soft mud slurry with air can be
estimated by horizontal separation model for three phase flow combining the flow
characteristics of the mud slurry without air. Especially these methods can explain
satisfactorily the reduction of pressor loss for the soft mud slurry with air in case
of high solid concentration.

Further, in this study, void ratio and absolute velocities of horizontal pipe flow-
with air are also discussed with actually measured data.

Key Words : Non-Newtonian Fluid, Slurry with Compressed Air, Gas-Liquid-Solid
Three Phase Flow, Horizontal Hydraulic Transport, Dredging and Reclamation

Chief of Dredging and Reclamation Laboratory, Machinery Division.
Member of Dredging and Reclamation Laboratory, Machinery Division
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I o HAMIDAERD, ThEEAMNEEEHHKS

7Ty bLIEBRETH B, HNB, M, HKEE
&M&Aﬁﬁﬁ(%?)%ﬁ%ﬁéo

TRabb, OB LUTRO)D S BREHEFRAED ~ &2
EFVCKTBELAOI -5 2 — $ 2 RDE S ICRE
T 5T LR B,

M

n 107 |-

‘S")

K (Pa

B8R W EkB

100

[/~

T
e (kgf/m’)
H-10 25 yHERT, &LvFov—EHn OBE

IOJF

o

e i
o i
1000 1100 1200 1300 1400 1500
rm (kgf,/m®)
H-11 25V HhERBr,. Lavvx7 vy —FE¥K
D%

R—2ici}, BRRS)OHGHERE L biC, KEF—
okDln(LAoy—EH) LK (avvxFy
¥ —RED) PERY - RBIREh TV 3,

 Ef, COKILTEOALREKARS Y HE
BicLTFoy b LTHBE, B-10 BLUE-11
KARTEIRLAAY =52 — 925 ) LEEHD
AR -TWE T EAbh 3, CoMEERIR

n = 10 (26892662 7,+107%) (8)

K= 10 (9.343+ 7,.-10"*—11.116) (9)

TZNENRT I ENTED, ThEFhoEERRZ, b
LAA5EERA LT EICORBEAT AR TH > T}
HHBHZEDTREV, L LEMNS, BHEOEER
BELITVWESSRERMERET 3 LS55, @5
POFETIDLIBREBTEL&ick-T, HE
DR3YVHEICHNTELATI— N5 1 -~ 92 RETE
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KEEFIC B 2 ERBRARE OB

B3l &5 3,

3. 3 EARBEROEEFX

BRREEE OB 2 5 ) OBEIE & 247 v E/EE1,
R & FREIR

D,/ =—2"0r % 10

TRHSN B, T T, fid Fanning DEEBIREER,
P, RRASYEETH S, Metzner-Reed DL A4 / 1V X
&(10) &

oo Doyl

RIMR =0 °* 8 . n n
K ( 6n+2 )
(1Y)
EThiIBRMAITH LT
f= RISH 1

TEREARFESEON S, T4bE, KDDL SIcL
FaT =N A =5 ERWEER VAL /) VXEEBRES
hiF, BRPBAICODVTREED=x—t vHEELEL
CRODDFECERBBERFEEMEONBZ I LT 3,
K & f 23RS, EHEEEEET 5 Li>AG)D
BIEMSEHICH L TR S bDTH 305, BHESR
BIEOVWTHBRTE 3, FKSAE, BRIOANLT
HHBABITT2HSic> VT, BRGETREL:L &
O =5 A= IRFGPEIPICODVTIREBA BRI
BEWENWS T EREE, L LUNS, CCTRERM
~DOBBLALED, BBV - EBLTHELLAoY -
N A - EERLTHE—NIKRDE->TW 3,
BfEs SEM~OBBIBEL TR, JLsHRL
EWERLL VXY, THbL,

R, —2240-Q2n+1)-Bn+2)
eMRC (3”-'—2)’

a3

EEBRTF - oRRMICRE L BBATHELTS
teo R— 2R, ERF-JICBII3BBRALVESH
TERVA ) VXY Rone BRERTHBY, ThER
WBEEHZELIOBR-12TH 5, MEO—HKEEEH,
BHRWVWEVR 3, ZoERIE, RMRT Ryan and
Jhonson"? DBBESSICE I AEBIBEEH» OR
DIBEBRVA / VIBEGRBREATVEY, Hicre
Y —EM AP EVERATRRNNITH~RMIIE O
HEERLTWE I EMbd 3,

—543—

5000

4500 — :Masuyana
=++=- :Ryan & Johnson

4000

3500

0 T +~
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

n
B—-12 vAovy—1E¥ntBRV A/ VZXE Ruac
DBk
_ 16 X 404
ReMRC- ¢(n)
(3n+1)° 1 (22
$)= e ()t 14

CCTiR, RI%EME-> TEBRLSOEBREHET S
EELt,

B> SANKEFBRICODVTRERT— 90 5B
SN XK OBEBREBRFEHICET 2 EZRRAQicBIF 3
NEMAEZRL, EEBLENE

et (e :

THELTWS, TCT, fRRI»SRDELER LA
VA BT ARNIDETH 53, THbD, EKEHS
KETEEBEAGRRIER LV, / VXBKicBWT £,
HE LD, THhLIRREKEOEBBEAFREFU %
BTEAEL TV EEZTWVS, .
DER& - TRES QA ERBRERE 2, BRS
28 L UBEHD SELR~BET 283 blc > THER T —
shoHbhi-HEHBELLOBR-13~B—-17 T
B, AMINDOEBB Y/ — v itBVWTHIEIIBET g8
EW-TWVWBEVWRE D, KL, LA/ AXEHh
VUEREL B 2GWHATRYARMBKICHTE 514 v~
BETOTWDIFTHY, EoiKEVLA / VXHE
xR LT 38413 Kemblowski 5 2R L T
WAESUBERED S D TRITTEILEND A5,
CDLIRLLTROSNAEBFEBELFEREAV TR
05 SHELEKRR S ) ey 38EX M) O
TEREER T - EHELOHNE-18 ~H-22 T



FLgEEB - BEREM - 8K 3 - BABH

__17:AVDATA.NM3 gawma=1186{kgf/a3) dia:B8.882(n)...Gyon

8
5.88
2.88
1.8

= 8.5

<~ PR .

: g 28 IS0, .

~— B.18 Y

n 0.05 '~

-
9.82 <

1
8.81 L1 learw,,,,
e e
8.0 Eq. 15 ]
8.8 108.88 1988.8 18068. 1888860
ReMR

R —13 R.e& fOBK (r—2 MM3 n=0.56)

18.9 15:AVDATA.KN1 gamma=1141(kgf/n3) dia:8.882(n)...Gyon
5.08
2.88
1.88
. 8.58
NIER? AN
Tz
~ 8.19 @
= N
1" -8
4
9.82 <
5.91 st Clferwa,, 1
8.88 e
o |
8.88 Eq. 1,
6.8 =
166.88 1008.8 18888. 168888

ReMR
B—14 R.p& fOBE (T —2 MM1 n=043)

30...AVDATA.KH2 AND NM5 dia:8.882(m)...Gyos

[T
S @
®

o o

-
o

®
u
=]
LS

G
HERNZ
al \\ V)

f=(x/4)

L Cre

cp
2
il

ar Wate,

©
o

T T

Il
Eq,?‘s\“_‘

©
o

189.88 1888.8 16088. 1888880

R eMR

B—15 Rumé fOBRE (7 —2 MM2-5 1=0.31)

18.8 48...AVDATA. KK6 AND KM8 dia:8.882(n)...Gyos
5.08)
2.88
1.8
“f‘ E.SBEE N
™~ .28 Q.
~ . 20 /a
~ 8.1
"
0.8%
'
8.02
8.81 - Clﬁil”_‘er--
8.8 F —
e
9.8 Eq. 15~
6.9 AN
) 108.88 1688.8 18808, 168888

R eMR

B—16 R.x& f OB (7 —2 MM6—8 n=0.24)

21:AVDATA.MM7 ganna=1389(kgf/23) dia:8.882(u)...Gyon

—
@
o o

~
©

._
©
==
|
|

=.
2
7

141

° @

® =

3
4

f=(1/4)
;I
/

©
©
I

m
=
=
i
i
.
2
3
N
iy
2

168.88 10888.8 18888. 1888886

R!MR

B—17 Rux& fOBIRE (4 —2 MM7 n=0.15)

HbB, £, -3 KR TOHERERY —RiIc>\WTAL
F— 2 ERBIRL TV 3,

4. EKEABOKFEERESME

4.1 KFEZIBIFBFEHYNRS bk
—T, BERERHL TV IEGESALRNEE
HEE—EETHRNATVWB ERBMOB WV, LT,
KEEDH 2B BIF2KHOLED 384, T4bb
FA FRaBESHBE X, ERBEU > EERT O
E@ETHbB, T, X, i
Q.

X, =—t—
T (i)

TE&RIND, Q.BEXETHY, Th2EMEHA

THRLUIEZ AP EIFESE OO,
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KEFEI B 2 EBRBAREORSFE

dia:8.882 (x) ...17:AVDATA.¥¥3 gasna=1186(kgf/a3)

2.5
without air
2.8
g
~
S 15
A
x
T 1.8
=]
~
a
A 8.5
8.%
8.8 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8
u, (m/s)
E—-18 HBNRIMYOEMNEKLD,/L (¥ -2 MM
3)
2.5 dia:8.882 (m) ...15:AVDATA.NN1 gamma=1141(kgf/23)
without air
— 2.8
g
~
© 1.5
Q1 .
4
) 1.8
~
o
A 8.5
0.8 .
8.0 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8

u, (m/s)

H-19 HERIUYOENEKLD,/L (¥ -2 MM
1)

dia:8.882 () ...AVDATA.MX2 and KNS5 gamsa=1282(kgf/23)

2.5

without air

- ~
g ©

D,/L (kP a/m)

8.5]

‘8.8 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8
u, (m/s)

H-20 BEKREHDOENMEKD,/L (¥ -2 MM
2-5)

dia:0.882 (x) ...AVDATA.NM6 and MNB gawsa=1258(kgf/23)

2.5

without air

D,/L (kP a/m)

B'a.a 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8
u. (m/s)
H-21 BIEEYpoENEKLD,/L (5r— 2 MM
6—8)
2.5 dia:8.882 (n) ...21:AVDATA.HN7 xana=1389(k‘(f/l3)

without air

‘8.8 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8
u, (m/s)

H-22 BRI YOOENEKLD,/L (75— 2 MM

7)
2 dia:8.882 () ...ALL VATER AND MUD vithout AR
O:clear water A:MM2-5
®:MM3 v:MM6-8
. 2.8 ®:MMI ®:MM7
g
~
® s
[+ B
L
1.8
—
~
o
SR
e
8.8 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8
u. (m/s)

H-23 BEEsSbOESEKD,/L (259 —-2)
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FEILLEFR - BEEER - 85K 3R - BAEE

U, = an

TR&Eh3, [k, Q,RBEIAIVIEKRRS ) O
BTho, COBEDITHEIZ

u.—A— (18
TEREND, LES-T, X, 2FNhFENDI 0T HE
TET &

Ua
X.,—m 19
L1235, _

CEE, ¥4 FROEMRIFECHRELEETHD, L
- TBRERBONIFA FRO#EICET 2D
WREEZFIHTAEANTEETH B, LHLuss, F
1 FRITFKIESALBENERBTT 2 EicBLThisy
BEUNS A -5 THAIZFIC, #F4 FREEDEEN
BRICEZ3HBEIEFEEITKE D,

ZIT, AHRICBVTRERAEOE TR HE
THEGEEH A FREERL, COEERALTEXRD
KA FRBEEREBIET 3P0 02 RE L
HESW I, K[UREIEICXTT 2 XS % RIT R
L, BRI BHRKERE S SV EERIck 28 A2S
ARRREEG 1,

s=1+B, (}2;%:‘ 0.46 . (}E%f{) 0.75 o
&)
ZCT, s=—u,
=5

0p 0. BBLUEKOEE

ThHb, £/, RPD B, BERF— 5 IcRWH—FT
3X5120.025%2BATVS, XL TRI%FIHA
LT, ZSHERL X, Z28BAL, &5 S FRaTE
hEeEHse,

1

l+B,.-( 52)0.46.( 1 ;i(v)o.25+

— (
a T+x, °

Xv

E B,
ITR, KBRS SUKEBERICEZH, FRAD

1).

BRI WoZ L L, RRlFS FRISTIKZDEE
DESHBILICBET 27—y RO E BT B Lic
&> TEHRERICEAT 5 B, 2E L1z, RRIEERIF—
Y ORBKEER-24 55 IE-25 IR T4, HRH» S
A5 &S IRKEAEDLE LEEFERN & BHRES 0K
BRIV ETRPUDBRU R E B LD B,
HMTRHFLSOTRICHEV0.026% & 5 25, Biic-
WTIX0.045& 78> THY, REDIHHLEYORE-T
VBRI EERELTWVWS, BE, ERBAKRRBOERL
DOV TRERE-26IRT LI, F—sHBIDLIL
HE-24 LEIL &S HERICH B LEL SN B,

4.2 BEEEBALERNOZRBIE
KEFICBIFIEGESALERNARE-27 LS5
HERXMIRT LB TE S, VWE, BKX 57 LTHEY
TARMEEHEL, CoFH#LLSEEHOBKEDESE
EZBEW,

38...ALL AIR-WATER

1.88
8.98 - )
8.88

©
Qv
8.78 L

S >
29.60
: Ly
= §.58 ]
= a @

26.40 A o

g o
0. 38]
B. 281
8.16; =
L
ann N4
'UB‘O 8.1 8.2 6.3 8.4 85 8.6 6.7 8.8 8.9 1.8
X,

H-24 X, &adBfk(ZK-7K &)

58...ALL AIR-NUD...laninar

1.88

8.96 1
8.88 I
8.78
3 o i
S8.68 AT
< ®°
:8.33 S
=N R
> 8.48 T 2

g 2 o ¢
0.3 + g
//: °
8.20 ¥4 3
v

8.181 :‘gﬂ"?m

. et

9.9 oo

8.6 0.1 8.2 83 8.4 0.5 8.6 6.7 6.8 6.9 1.0

Xv

H-25 X, &adBfk (BR-KEZSY &)
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KEFIC B 2 ZRBAREOHREF

68...ALL AIR-NUD...turbulent

1.88
8.98
8.88 /[
8.78
3 @1"
20.68 Al
= "
fa.sa / =%
2.0 ‘/g. -
8.38 . -0
e
8.28 %O
8.18 CaR
“S.a 8.1 6.2 6.3 8.4 85 8.6 0.7 0.8 89 1.8
Xy
B—-26 X, & aodBk (EK-®KERS Y &)

A(V,-V)=A4A-(1—-a,) - (V,— V) €2
&, ThEEHELT

Vo—a,*V,

—a e3

vV, =
MBBESND, TIT, a, REPLOLSEBRIEICEZ
1o A4 FRTH 3,

¥, BORFHAOFA FREa :ThiT

EWSBRYD B,
BTRSRICHHE S N3 ERR Q. 13

_A-a,- V., L,

. €3

Q.

TH305, RUYBLURI» SERR 7 7 DRIHERE
V.id

—%, BAEEicRh2BEOR Q. 1

AVerl, A-U-a)-V,eL
l; ld

Q. €7
TREh3, COoR»S, RWIBIUCRAUERAVT YV,
noUica, 2HETHE

RQ=AV,—A-a-V, 8

&1y, THiIcRLOERATHTER 5 7ot
V, 284 FERIiCEBRIC

Vo=u.*tu, 29

L3,

DI LTEOIhEZRWEE, EXRESAKE
KFENICER TS X F v 7HEAN, COFEEEET A
R BBk > TIHAEAMBEHEL T

B-2813, EKR5 /BOBHNEELEZHO LD
BEOFHLTT oy + LEEbDTH B, —ffic, &
SHEE RKISRT NicklindORXERWA T EHB L,

V.=12¢(u,+u,) 80

L LAEHS, BH-28%43¢, ERBVBEA-T
KB3ERBODLSANTL B3F— BBV Wb b,
Ihid, ZRBBB B> TELE, EEBRFEA FRH
KECETT3icbphboFREOTR, ETHEE—
EFELTWREDTHEEEZONS,

—%, RO CDLHSMUKES FROLEILERBRL-SD
THaicd, BENIKBSF—E—HLTLWEEVA
B, 2L, uo+ u . BHHICE>TWVWBEDICEER
F—oBIFE u DBRABER/NMIRT L THEL
TW3,

R-2913, HR57BICBY 5REOEINEEE 7
Oy bLEbDTHB, RIE I —HLTWREVZ
30, BANKLLEDEWEEZRTF-s bR o035,

— Ua
Ve=7 0 chil EFARREICERR S SO TFIADAAL 7
THAZoh 3, SAFy 7IROFEBHEBALTWEHEEZION B,
@ s
Q0 a Q0 w—
__<Va / Vw |

-

RB-27 KFEEL L 3 ZEKHPHEAR
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REILESR « REEE - 8Kk W - BEBHR
6.6t JOB. .. ABSOLUTE VELOCITY..... SPECI2.DTA _icse=14 6.p—2* J0B... ABSOLUTE VELOCITY..... SPECI2.DTA icse=14
.88 .98
-
5.58 x‘\) 5. 59
5.88 Ry S 5.08 o
Sy S Lo
4.58 . AN 4.58 QY
*
—~ .88 u, win=0.72 o/s ,; 4.88 e
2 =19
NG NG o
£ 3.00 £ 3.00
., 2.58 " _ 2.58 . o 12 88
> 2.80 > 2.88 - .
1.58 . 1.58 .S .
u, pax=1.57 n/s
1.88 1.08 &
8.58 8.58
8.8

B 675 1.0 1.5 2.0 25 3.0 3.5 49 45 508 55 6.0
u,tu, (m/s)
B-28 wu,+ u,& V, D%

3%% JOB... ABSOLUTE VELOCITY..... SPECI2.DTA icse=14

6.80
5.50
5.90
4.58 o
4.00
3.58
3.88 )24

vy v

6.6 8.5 1.8 1.5 2.6 2.5 3.8 3.5 4.8 4.5 5.8 5.5 6.8

u.tus {m/s)
B-30 u,+u,& V,0BF%

*%+ JOB... ABSOLUTE VELOCITY..... SPECI2.DTA icse=14

3.80

2.58

2.88

1.58

without air

2.58
2.88
1.58
1.88

V. (m/s)

o Ya
Ll °

P @ ©
v

v
v v
v v v

v

8.58

8'32.9 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8 4.5 5.8 5.5 6.8
u.tu, (m/s)
B-29 wu,+u, &V, DEERFE

foZiE, B-30R5ERICTIRF v 7HRMBEZKRX S
FOTFTRELETBHADBDF—5THBH, V, &0
B/ EVWEERL TV,

COHE BRI, RITHEIShB, KPoiE
RN, BFEBEAROFRA FREFRFAMEO KA FRIC
FZLWERELEXZDEDTHY, u BEK, BN
DEAITHOVWTHELTWS, ROIEERT— 7 i3k%
KBL—HLTWE LR 3B,

7B, B-311, C0E587532Fy 7ROF=
LT 2 FESEDEERNTH I E, EXEST
BWWEKRETHERALLLDTSH 3, BRHAITTES
NIEEREBIRIRELVEREELE LS
b s,

4.3 BREABOKEEICEITEZEHEE

B-32 REKSHRBL TV EAEACETEZREALT
Wolc b EOENEKRDELERTHITH 5, BKDE
BREZERBAT B LItk - TEHEESFINI B

V. (m/s)

1.80

8.58

8;‘0 8.5 1.8 1.5 2.8 2.5 3.8
u, (m/s)
B-31 u,& V, ORFKR (ZRELOBEA)

MLTWBZ &b s, .

RICERTBER 7 YV IRZEKERAL TV - B0, BfiTE
SYLYOESTEEBESIEDL I L2 BEEICRLILO
HBE-33 ~E—36 TH %,

CCRRTF—7iciR, BZLKEBNBE0THEF -4
(B-32~@-36FDu,) bSFhTHBY, hbdD
Fo S RBUREHBOFEIETESNIIE= 2 -+ VK
DEABERIC—HLTWVWS, COLEDORF Y %
HEREL L, RACESEEHENES € TENBEER
FELTWVW3B, LidioT, Ry 72hMIER 3 EER
LERATIRICE > TREBOERBEFH L TWE I &
K185, Bic, AEREEICRIIm BEVEEETSS
D, COHBDOLT )7 VHIRMERS ) FHEED/PNE WV
BICRKESHELTCEY,

RK—37 ~E—40 i3, KRIER 7 ) KB Ic#£ v 7HH
H—7 LOBEENETEANTVIRONTED LS
Y7 b3 ERLIODTH B, BEXS Y FED
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KEEI BT 2 EZRBAREBORI Fr

dia:0.882 (a) ...ALL AIR-VATER ganaa=1888(kgf/a3)

2.5
¥ : u..0.5~0.6(a/s)
M:u.,sho~Li(/s) |[With air
A u,cl5~1.6(/s) | u.=0~2.31(a/s)
2.8 @:u.=2.0~21(/s)
E @ : u,=2.50/s)
~
© 1.5
o b
k4
2 1.8
~
o
A 8.5
0. A
8.8 8.5 1.8 1.5 2.9 2.5 3.8 3.5 4.8
us (m/s)
B-32 #kicHd 3 ERBAROBRMNESY D OET
2.5 dia:8.882 () ...17:AVDATA.KN3 ganaa=1186¢kgf/n3)
.5
V,¥:without air
v : u.e=0. 6(a/s)
v tuwesli(n/s) [with air
. 2.8] V  :u.sl6(/s) |v.s0~2.31@/s)
E v : u.e=2. 1n/s)
~
3]
a b
£
ot
~
a
Q .

ERBEABORMNES M) OEARAK (77—
MM3)

dia:8.882 (n) ...AVDATA.KM2 and M5 gawssa=1282(kgf/x3)

O.B:without air

@ :u.s0.5(vs)

@ uesl0o/s) |with air
D :uesl5(o/s) | u,=0~2.31/s)
[ ] : u.e=2.0(a/s)

E-34

‘8.8 8.5 1.8 1.5 2.8 2.5 3.8 35 4.8

u, (m/s)

EKBAROBRNRES Ky 0ENAK (7 -2
MM2-5)

E9—-35

D,/L (kP a/m)

dia:B.882 (x) ...AVDATA.NM6 and KXB ganna=1258(kgf/13)

2.8

O, ©:without air

1 u,e0.6(c/s)

1u.ecl0(/s) {with air
: ULzl 5(0/s)
1 u,e=2.0(c/s)

€600

u,=0~2.31(a/s)

1.5 2.0 2.5 3.8 3.5 4.8
u. (m/s)

TRBEARORME S MY OEHER (F— 2
MM6—8)

dia:8.082 () ...21:AVDATA.MM7 ganaa=1389(kgf/n3)

2.5

~
©

—
n

-
@

O.®:without air
® : u.e0.5(/s), ©:

u.e=l. 6{o/s) ]with air
@  :u.eslil/s), @

U2 1(/s) ) u.=0~2.3Hn/s)

‘8.8 8.5 1.8 1.5 2.8 2.5 3.8 3.5 4.8

u, (m/s)

B-36 ZJREAROBNRSYYOEAREK (5—2R

MM7T)

INE VAR, EREEPTIRONTR T Y FRESK
&< BHME, TROERLEEZDETH/NE WH~ER
EBUT7 LT B, $BETAETETBEHME &
ZLOERWFICRS YV HEELE/NELTEE, THubLIE
WMt 246 7 F LT 3ERBR OIS,
—7%, BEREDOZ 5 YHESSVEAKE, BLoh
525 YFLEII/NELBBEA~NY T PLTWS, E-32
~E-36 DEAEEF—5IcBWVWT, 27 ) HESE
BLTVWADORIDIHINEHABAILEITVWTWS,

D&, 7Y HENEREEERFTOERICL -
TELTWB DI, ERBEABOEHEXOEL:
B34 384, BECRBEF-sLTREL, FhL
2SRRI AERESTRVRERS YOER
KM (EAE, 3BOHEE LHELRIAEN
57,
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FILESE - BEEER - 80K 2 - EABR

H#TEE: 997 r.p.m. 7% 1202 Kgt/m®

5.0 ——— cy

’ w"er

H: (mAq)

0.3 0.4 0.5 D.li
Q. (m/min)

B-37 Q-H#—7 (BEERE 1, =2.0m/s)

HFEEN: 848 r.p.m.  7.%1202 kgt/m’

7.0
60
5.0
—_ — cl“"‘w.,t
o 6o 8. )
E 1o \
- 8: ~0.
2.0 : X om0,
jas] A X018
®: X0
X028
Lo A X030
D : X.=0. 480
@: X.e0. 580
0.0 L
0.0 0.1 0.2 03 0.4 0.5 0.5 01

Q. (m'/m'i n)

H-38 Q-H#h—7 (BERE u.o=15m/s)

Ptok55F#ROb LI, KBRS Y OBME XY
1D EIHRKRICH T 3 ERBAOKBEANE L, 25
VBESEVEAICRBEBKDEELED LN VESR
LR >TWE, L LUAES, BEHNEVEAIRES
ERATBILE-TENBESETFTLEZES
b0, BEXEVRLTOEMMBEETH L Ehb
M5B,

4. 4 KEQEEFINEEHBEDHETE

ERBAESEL, 22Ul LIc WRBASALR
B 3 Mt OAERNIc BT, BIRIEE SUEME K
B BEL L EFNVEELZ B HOBENTS 3,

THRDE, B-27icB8VWT, BKRF IMHRD %
BLILEZBDITHS, CDEE, BREOFHIZL
DEIEBDEL 20R0SHELTRLADH
B-417Th3, ZRBOEMT 21o0T V, OB I3HE
DU, ZSIERE V, bR 5 /& V, lch~X 13 &
RECBBIERBVEWS T EDbh 3, BENICE
A5 L&, ESMHOREIRLIER 5 7B 0135 i/
TVHi, 2EOFEREEZRR 5 S hOKEEE
V.TH2LEER, B, KHEEESV, THVTL S
LTOESERDOEEICKENEES b 53T & 134

7.0 HoTEHEY: 729 r.p.m. 7a= 1202 kgt /m®
6.0
5.0
T e
<
Clear ya, Op,
E it ey
£ \\ O': X.0.000
20 O:Xe0132 _]
81 X=0.228
®: X.=0.308
Lo B X,0.389
A Xe0.449
@ X.x0.546
@: X.#0.63
0.0
0.0 01 0.2 [X] 04 0.5 X 01

Q. (m'/mi n)

H-39 Q-HH—7 (BEHKE u,o=10m/s)

1o #UTEEM: 657 r.p.m. 7.+ 1202 kgt/m'
6.0
5.0
o o
< ¢
\E/ L0 O_1 45—
- - o A.m ° .
Cte + X 420,00
josi o orwater . Qikusm |
& X,=0.300
@ X.x0.385
W X042
Lo A X059 —
@: X059
0 X.=0.685
0.0
0.0 0.1 0.2 [X) 04 0.5 0.6 0.1

Q. (m'’/min)

H-40 Q-H H»—7 (BHERE u.o=0.6m/s)

vwv/uas,va/uas,vf/uas..... us...8.58(a/s)

u..=u,+u,

ViU

Ve/u.,

Vi,

Vw/uas, Va/uas, Vl/uas

8.2 9.8

X,
K-41 X, icxd35V,, V, V,0%1t

WEtBEbhz, :

Thbb, 2E0FENEKIEKE SEHETHZEN
BHEV, THRELTWA EE X - & & pBhnigk%,
EAT0AHROHEA FRaTHRALILbDEEZTE
W, ThERTRT &

D,/L=d.s*(l—a)+d,a-a 81

—550—




KEEFI B 3 ER[RBAKROFHE R

1B, TCT, d.s BEREN V, THBLTVWELE
XOBMEXMUI-VENBETHY, IEIRTHET
HET 5,

¥1, doa BESEGEE V, THEHBEHSH LTS
LEDHNEXYLVENRRTH 3, BBRARKREE
LT, TITRAQDBEKRREFOEEBRBREHE» S
HET 2, Ak, V, BRENRT LS5, HkEsE
BRI EREL AP IHRE u, & SUEHED BT
Fn s RELLEXDEDIHBE u, OFMTEHEEH
%,

HA FRF4 TN RERKREBRX, & E#ll
HA FREOHEBEDL SHESORDEHEEZTEELT
AuTWa, H B, 1 Bk L0.045, Efticxil
0.026T %,

UtoraET, BKRS Y OFERFESE»IHEII,
BRERBAL TV - KBEOFRESBIERGHERRSZ LI

18:AVDATA.WA4 ganna=1888(kgf/u3) inux=1

5.8 Usav...1.96(n/s)
4.5] @ :ceasured data
@ :present calculation (turbulent)
4.9] * :Chishola
ﬁl 3.5
R
o
E 2.5 .
1=
| 2.8 § x
o
o 1.5 o !
. 8
10—
8.5
9.0
9.8 0.2 0.4 8.6 8.8 1.8
XV
R-42 FEkicxtd 3 EARKHOHE (BERE u, =
2.0m/s)
5.8 1B:AVDATA.V¥A4 ganna=1088B(kgf/a3) inux=2
T vsav...1.52(a/s)
4.5] @ :ceasvred data
@ : present calculation (turbulent)
4.8] > :Qishoto
2 3.5
|
e 3.9
© ]
= 7 x
‘& 2.8 *
J .
1.9 L
o] L d
L]
10—
8.5
8.R
8.8 8.2 9.4 2.6 8.8 1.8
XV
B-43 FEKICHd 5 EAEKHORE (BEFE 1,0 =
1.5m/s)

M3, @-42~E-54 13, ZKREBESHSEMLILLEE
DEHEKOENEZHEB L ERBETCHBELLHOTH
3,
ERULEESi, ERF— 94 OBERR > VFRET L
bbby R—ETCRTVWEDI, HEBLZhEILD 4,
KADLETIbhTVWS, £/, HboFiRig, HHEK
MY OFEHEETREL, TDEED u, 2FOZE
SESTHVRER S )V OBMRE Y-y oEAEKLE
DODHTHRINTWV S,

kD S EEOEVWESE T, REVIEBEOELILH
BOECHEERERLTVREVS TEHVR B, F
i, BEOSWERSICE T IENBREN 1 XVETT
BIRAOELER O HBEMERICRB LTS EWVA,
KESEEE FNAEFRLI-SEOLET, ERRAKE
OKRFEFIC BT IHBHFEE» O XICHATH LS
HkzEEZ OSN3,

18:AVDATA. VA4 ganaa=1888(kgf/23) inux=3

3 sav....1.13(07s)
4.5 @ :ceasured data
@ :present calculation (turbulent)
4.9] X :Chisholo
*
w 3.5 .
w
QI 3.8 "
o 251 .
=" x
= 2.8 )
| 2
a 1.5 s 2
k= [
1.8
8.5
8.%
8.8 8.2 8.4 8.6 8.8 1.8
Xv
R—a4 FEKIcKd 3 BRSO B (BHERE v, =
1.1m/s)
5.8 10:AVDATA.VA4 ganna=1888(kgf/n3) inux=4
T Usav...0.84(s/s)
4.5] @ :ceasured data
@ :present caleulation (turbulent) .
4.87 X :Chiskolo
o 3.5
d 3 e
o
= B t -
- —— x
s 2.8 .
| s x
Y
o 19 : H
1.6
8.5
8.a
8.8 8.2 0.4 8.6 8.8 1.8
X
E-45 Kicatd 3 EFRROHE (BEFLE u, =
0.6m/s)
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17:AVDATA.XN3 ganna=1186(kgf/n3) inux=4

6.8 Usav...8.91(n/s) .
3.5 @ neasured data *
¢: 1::;:::"1 } present calculation
e« 3.8] X :Chishola
wl ‘ . X%
& 2.5 *
‘O x
N *
< 2.8 : M
= . 3 %
Jos ° L2
Lo} L4
1.8
8.5
0.R
0.8 8.2 8.4 8.6 8.8 1.8
X
K—-46 KER 5V icxtd EAEKELOE (HiEER

Hu,e=06m/s yr—2 MM3)

16:AVDATA. X2 ganna=1282(kgf/n3) inux=4

6. Usav...8.85(a/s)
15 @ : neasured data
: ::1::;:;:“! }present calculation
X : Chishola
w 3.8
|
S 2.5
=
= e K
.é. . x L4
nl 1.5 . .3
© L
1.8 = *.
L] - .
8.5
6.8
8.8 8.2 8.4 8.6 8.8 1.8
X,
R—-47 LR Y icxtd 3EABERLOLE (HiEERk

Hu,=05m/s ¥—2 MM2 )

19:AVDATA.MK5 gamna=1202(kgf/u3) inux=4

6.8 Usav...8.86(n/s)
3.5{ @ :easured data
u :::;:T;m } present calculation
3,81 X :Chisholn
-
o! 2.5
=
N 20 4
<
.g x L
1.5 *
n' x X . 8
T 1, i 5 e
.8 s - P
8.5
8.8
6.9 8.2 6.4 8.6 9.8 1.0
Xy
E—-48 KREZR TV icxtd s EAEKLOHE (HHER

Eu,e=05m/s ¥—2 MM5 )

K.

RN Y5

28:AVDATA.NK6 ganna=1258(kgf/03) inux=4

4.8 Usav...8.94(a/s)
3.5 @ : oeasured data
) W : laninar } .
& : turbulent present calculation
3,8{ X :Chisholn
a
4 25
o
= e
— x
S s x
a
o 1.0 x x . *
- o2 D¢
8.5
8.4
0.8 6.2 8.4 8.6 8.8 1.8
X,
R-49 KRR 7 ) icxtd 3 EABLL O (REER
Hu,=06m/s ¥—2 MM6 )
8 22:AVDATA.NNB ganna=1258(kgf/a3) inux=4
| Usav...8.92(a/s)
3.5{ @ :neasured data
B : laninar } )
@ : turbulent S Present calculation
s 3.87 X :Chisholm
7
e 2.5
©
= e
é x
Ql 1.5 . x = .
© Lo x x X - -
. O [ ] hd L .
" B g g
8.5
8.8
6.8 8.2 8.4 8.6 8.8 1.8
X,
E-50 &KE=R ) icxid 3 ESAKE O HE (iR
Hu,=0.5m/s ¥—Z MM8 )
4.8 21:AVDATA.MM7 ganma=1389(kgf/a3) inux=1
"] Usav...2.86(a/s)
3.5 @ :measured data
M : laginar } .
@ : turbulent present calculation
- 3.8{ X :Chisholn
v
d s
o
> 26
E[ 1.5 x
=Y x
x
x
© ek ¥ ~ +
. .
8.5
8. A
8.8 8.2 8.4 6.6 8.8 1.8
X,
B-51 &ER 5V icxid 3 ENEKEOLE (HHgRk
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o 21:AVDATA.KK7 ganna=1389(kgf/a3) inux=2
T usav...1.65(a/s)

3.5{ @ :ceasured data
M : laninar

@ : wrbulent
3.8 X :Chisholn

present calculation

~
o

d, mix/d,_ss

1.5 x
x x
a g ox x X
1.8 1
8.5
8.8
8.8 8.2 8.4 8.6 8.8 1.9
X‘l

B-52 KER7Yicxtd 3EHERKO LS (FHER
Hu,e=16m/s ¥—Z MMT )

21:AVDATA.NK7 ganaa=1389(kgf/n3) inux=3
Usav...1.28(n/s)
3.5] @ :rceasured data

M : present calculation (laninar)
X : Chisholn

Xy

B-53 KERFYicxtd s EMERLOLE (BHER
#u,o=1llm/s ¥—2 MM7T)

8 21:AVDATA.MN7 ganna=1389(kgf/s3) inux=4
Usav...8.92(n/s)

@ : ceasured data
3.5 ®:present caleulation (laninar)
X : Chishola

Xy

B-54 KRERS )T IEHBRLORE (B
Hu,o=05m/s y¥—A2 MMT7)

&5 FkE RIS, Lockhart-Martinelli D
NS A= EFELTESERAL TV - & EOFE
B2 HETE2EE8H 5, Hid, Lockhart-
Martinelli @5 2 — % X HoUic ¢ AHALT, &
H, SHESENENBETHR LI EERELLIBEOZ
nZhOFEHEED SLEOENBEAERD L DICLL
FIHShTVWBED, 1, —EDERHETCREEOP DO
DICERA S VHERAT AL AHETH S %
Lockhart-Martinelli ®/¥35 x — % X X6 TiC ¢, &

d, ss
X = RS /2
d,,_as)

— Dn/L 1.2
¢,~(—d§)/ 82
<55,
ZC T,
d,ss ‘HERF)OAFNIEFEELILEEZD
EHE%
d,as BEROAFNILERE LI L EDESE
VS

EEELTVD, ThHDNI 4 -8 X BTG, D
ffic, Chisholm BRD & 5 BBIREREB TV 5,

C 1
=1+ =
b=l 3 4 %
c=20 (t—tH) 63

chbhd, 3 XIKoVWTo HESH, REI»SE
SURAThOBE S M- nESARRSRD NS, C
TR, dossOHBILEIZOHEEAY, ERF—
s ER-BLTAT,

B-85iRT LI, ZR-—KRTRERMSE LE
HIBVW—FK42RBE 50, E-56 OfibobhrdLHic
SBRERBICEIEBALKLE ZOENRKOETHER
TTCR7+0-LBLRVWILEDI S, ChEHNRS
Wi OEHBLOHICBREL &R, H-42~E-
SR L TH B, BBEZRZ VicxL TR, —E#E
REBVNEBEEICN > T 3 LERMNICR—ROEAV
BRELIHE-TLBEWVI T &b B,

4.5 SRAERSVICHTIEZIRADR

EAiEk BT 2ERT - 4 OmED» S, KEFiCH
WTREKS ZVRERER S Y ICERERALIES,
TREBAT A L RFRBIRREEMEES &2 A
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LR « BEREF - K 3K - BABR

BEFNES, BENS(E-TLB3EENEHOHEE
EHE D SPSVIBRTHRBSEONEGEMHZ LV
ST EMbhot,

CDOHEAAZHAL-OHR-57 25U ICE—58 T
HB, Thoid, HAkBIUHRERIN (kgf/m®) @
Bk R 5 1 HSHHEL.55m/s TEREHRBHL TR L &
T, ZREARKCIEU TEE, BBERRREOERD
BEESETHVEAICHERTEDL S IKELT 2o %R
LbDTH %, PTHEAINTVWEESRUTOLE
DTH5b,

d, mix/d, ss  BKESETHRVRS Y OFERICHT S
K4 FPRTHES LEEKBAZRT O

E#HoL
felfs CHEKEEIRVVRS O RS BHE
BEOMALLEIBARS VD fOl
90, SB.A.M;L AIR-VA‘TER EIXCPll' SiI’ECIX dia:8.082(n)

| @:Data for water and air

T UL
@ -present study for water and air

7]
a 2.88)
Be]

Chisholm

Dp/L

-
a‘;.ﬂﬂ 18.8 26.8 56.8 188. 268, 568.
ds_s s
X |- 525
d,_as
R-55 ¢,& X OBAKR (K—-ER)
5. 00 Zl:AVD?TA.HH g'aua=1389(sz/n3) dia:8.882(n)
-8 Lo —
L 4:Data formud and air
q w Xpresenls}luldqlorwater and air
\U)l z8 Chisholm
[-Y a [~ is
Q| _
It
T 1.9 /

present study for mud and air (MM7)

a’ES':BB 10.8 20.9 58.8 108. 288. 508.
d, ss
X = p_
d,_as

E-56 ¢, & XOBR(KRERS Y -ZEK y¥—2
MM7)

CEZRAEESEN VRS ) OFEEINT S
HEOMALLESKRBAZX S ) OFE
D

1. —void : BREAIC X 3EHOKLEE
(et uD) /u.  ZRBAKEBEZESALERD R
3 ) EE DR

d,s/d, ss

BAMIC, BRERAT S ESHE ERESEOHH
RT3 ((wtuw) /u, BB, —HT, L4/ VX
KRBT 3505, f/f ICRahs &> CERAKR
HIET I 3, BKOBERFHELEER Y/ —vTHEH5
COETEAGIS L, BROCTHEERCHEIKRRS
ek BENBERIFEFECKELRLY (dos/doss),
EIMWBAT S LICKBER 5 7 OBEE OFMES
DET ((1-F4 FR) LELTRV) TENEKL%E

4.0
Water
. 3.5 7471000 kgf/n’
o u.=1. 55 a/s
< 3.0
o
“« 2.5
|
a
T
S~
Ead
é LS
d
L o] 1.0
0.5
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1o
X,
®-57 X, icddsENBALEFEROEL (K—F
=)
60
: i Mud
3.5 : ?:'/mfl.X/a"s : 7 or1309 Kat/e?
° W:d, s/d,.ss u,=1.55 n/s
- ¥:l-void
v 304 @:(u.+u.)Su.
o
P
|
o
©
S~
><
1=
|
a
kel

H-58 X, icxtd sz EANEALEEROLL (KER
) -EK r—2 MMT7)
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KEFI B 5 BRBARE ORI FE

HET 2l REEWwWI &3, BROIK, domix
/d, ssiKRONBEHIERERAR S ) OENHEER
BHREETHVES (doss) REXTHUADELE
5,

—%, SBEZXS ) OBAIR BRBSSZVLD
i OEETOEBELFRROEBETHAE(, MEHK
KHEIBRRS JICEAEMBRRBThIEERECALR
W (B-58 d,s/d,ss BB), L1cd->T, Z&KH
BATAC LKL B RS 7/ OBEE OBMBISOET
BHEKDBEEEREILTH->TH, ZREEGRTVOES
HERTESESTHVWE ZICHERT/NELH B EHT
L ->TKL B,

COETHEBIZ, R-580 f./fi0FEtDbSbhBE LD
i, ZRERALKL L ZOEKR 5 7V EEOTWHNEHR
POoANBEHETEHES, TR8bB, LA/ VIEBER

LA 7 VXENTE L ESE R OR HEVRE S -
TEYH, ThUBEHBERIBUEMLTL 5,

UEoREIR, EBEKEJBARRBOMERG ER
THEARECERLIBEHTH 3, LEAE, —ERD
Bz 5 ) 2% L cVigaic, BERX S ) 0BRERE
BoURETRZALBICET 2RBURGEERIT S
CEMAEEEN - T B, 2%, HBREDOZXS VI
BEEBALILEEZHICE > THMT 2 RESERS
K BEHRESEZHEB T 5 L TREFLREASEDS
h3RTTHs, B-59i3, CDEHIBLHETRASY
WdE (EKESETLVRE) 0.4m/s OKEERH R 5
) DEBESREASEBE IS EPE, 25 VEBE
KN LTHELILbDTH %,

REAE, RSVHREEISICUBLSCBEABL
1154, BREBERETOESESHRINES%THD,
FOEEBNES YD OENBEELIRR 5 Y HEIRICH
hBLEDH0B LD EVS I EHbh B,

calc. for seiected gamna....1188-1588  Us:8.48(a/s)

2.8
1.8
1.6
1.4

1.2

1.8
8.8
8. 6]
8.¢

Xy o (domix/d,_s8)e

8.2

X 3
180 1.85 1.18 1.15 1.28 1.25 1.36 1.35 1.4¢ 1.45 1.58 X0

7o (kg f/m’)
EH-59 =235 yHERKICHT IBIERSOEL

5. &R

BHEBAKRBOKES ICEIT 2HHERLTY, BER
2SN ZDHDORIBFHEERLHELT, COfin%E
~— & LEKRABROHIRTIC > W TEL2 AR
2BEEMNTE, ChEEDTEDHBE, UTOX
DITIE B,

5.1 BEikzR7YHEOEANRENL, CITHALL

~EERIE Fvicxt U T Metzner-Reed O U A
I VXBEROCTRFT 3BT HAMRATE %,
i, BRroANT 3, BRVA / VXHD
Loy —EHntBWEBEMS YD, Ryan-
Jhonson OBAFE L » 281U S O/RTBEKIZEW
EWVWZ B,

5. 2 HAMBEHR» SANBEBREEICE 2EEE
K ERARTROBERBRER (R2) 25
ZILTRHBTV S, SEIOERFHK T, 131F
ERF— 7 E0—-HBHRBIFTH - 71245, I6IC
BULHEEGEAIcBEVWTED L I KELL TYW L D
K2\ TR, 4% Kemblowski 5 ORI W
EE+aRetd 2 46END 5,

5. 3 AEERTEOLNALAY—EndavyyR
Fry—BHKR ASVHER (BE) ot
LRB), ROTHRTEMNTEL, COREERR
TEBEDLNERLZODENREZLEEZIZIEIHN
WRTHBH, SVEI L, HithEELicL3
HEEEREE T X F S, BHIOHEREIE -
125 A — 9% BEIENAETHEEVIBT
HA9,

5. 4 ZEXJERBALLBAOENFYFES PRI, +v
DL RLVEE LD SERIT B Lok, B
WMADOHBEFL L Y bEKIFHEE X, 1cd 3
ETHaNKEh -7, Thid, BiiLEtes
I 3MESROECRERAT3EEL SN D, Fill
#4 FREOEMEL SBALFHESORENCBIT S
FEB,.I3, BHicxtL0.045, ELFEicxt L0.026T
ol

5.5 BERERBALKLBAOEAHEKR, BAPBE
DEVERER 5 Y TREMTHH LTV EHE
HAFIALLEGL BB, LHLLEMS, X5V8
EMNECH>TL 3¢, &3HETMATEBRE
REL VDR DEVEHBRERT L IIKN S,
DI BEKRERBALLBRDHER, FETR
LEKESBEFVERWTLED K HAT S
CENTE B,
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5.6 5 G5iRLAAREICESE, EHBEARESR
BRBAZ S Y OFHEEENERD SANSER
HTHEL3, COTEMS, BRB—EDEED
235 Y OREABHE H5VE—-EBER S
X A RBRBAZSEBE SN S,

6. HLhx

EHERRIIZRREBRR T — 5 OB ERFEHL 12
bDTHB, Lichos TATABAREVITNLE DS, &
KUBAR S V#E Y 27 %8614 3 LCREUERT -
S ELTHEREINEZEEZITWS, L LUENS, %
[EBARERRLCBVW TS SIcEELSRIBER, &
KB 70 -9 -V DEVWELEDI S IKTHET M E
Vot BIEREBEENB LSRR YA Xz 77 POMET
bbb, THbL, koBUILERESRYE OHRGT A FRABE
BETAREE T A nic BFERE, THEXUSEORN
BT - LOHBHBES LTOMETH B, 5K
b, EBFETEOAE T2 EL, SEESNE
FEEINSICEAL, ZUBEEREL TV &M%
EThbrLEZIONS,

(19914F 3 A31B %A

g & X &

1. BEfR, BIHE -~ TREX X390,
+ARETL, 21%4%, pp.26-35, 1980. 4

2. FEILER, AKRBKR, =7Y 7 rTEIR2WVWT, B
RIS2EE SRR AT REL ML, pp. 205—
235, 1977.12

3. FEER, AEEZ, LEBR®, =7V 7Ry T
IC L BB TFOBMXEE B28), BXiES
5, Vol.98 No.1127, pp.29—34, 1982. 1

4. B, tEMY - A FIBY3KRBEARLEI VR
AR S HEER, AWEFERFRE, No.21,
pp.105—109, 1980

5. BEfh, [y - FILEICE T 3+ st
Rt 2 ERER, KHMEHIEFAR, No.27,
pp.107—111, 1983

6. BEHAM, KERAZXR, v—FRry7Micks2EH
HHR T ORE, BEBRRER No.100 (El12(@E
FEEHEONBENSICRET 5 BXEMRLBHTH

EiEEER), 1987. 3

7. R.P.CHHABRA et al.,Co-current Flow of
Air and Shear Thinning Suspensions in Pipes
of Large Diameter, Chem. Eng. Res. Des.,
Vol.61,pp.56-61,Jan. 1983.

8. R.P.CHHABRA et al.,Isothermal Two-Phase
Flow of Air and Aqueous Polymer Solutions
in A Smooth Horizontal Pipe,Chem. Eng.
Res. Des.,Vol.62,pp.22-32,Jan.1984.

9. G.W. GOVIER and K. AZIZ, The Flow of
Complex Mixtures in Pipes, Van Nostrand

10

11.

12.

13.

14.

15.

16.
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Reinhold Company,NY,1972

A.B. Metzner and J.C. Reed, Flow of Non-
Newtonian Fluids-Correlationof the Laminar,
Transition, and Turbulent-Flow Regions,A.
I.Ch.E. Jounal,Vol.1 No.4, pp.434-440,
December 1955.

wLE, JIEEX, F=a—-t YHREOTRER v
17 VZRIZO VT, BEABHMELREGE 2H),
43#:373%, pp.3320—3326, HHFO524E 9-H ’
N.W. Ryan and M.M. Johnson, Transition
from Laminar to Turbulent Flow in Pipes,
A.ICh.E.Jounal,Vol.5 No.4, pp.433-435,
December 1959.

Z. Kemblowski and J. Kolodziejski, Flow
resistance of non-Newtonian fluids in
transitionand turbulent flow, International
Chemical Engineering, Vol.13 No.2, pp.265-
279, April 1973.

HER, EREKX, BER_ABHROEEKXICET 5
BROHE E48) , OEBEELRIE &2
£R), 36#288%, pp.1366—1373, HEFN45%E 8 A
O, EBRIFOHE (Vol.l), BEH,
1973

Efth, EEEID@EEICBITZ3TERBEADORE,
HEE &R, No.656, pp.1—38, 1989

. R.W. Lockhart and R.C. Martinelli, Proposed
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