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Characteristics on Sliding Torque of Blades in a Slide-Blade Type Air Pump

Tadahiro UEKT™*, Kazuo INABA ™ **

Slide-blade type air pumps are utilized in printing machines as an air source which provides both the action of air

blowing and suction necessary for the paper handling. In the air pump, a large part of the motor power is occupied by the

sliding friction between blades and cylinder surface of the casing. So, it is necessary to clarify the mechanism of the friction

quantitatively in order to design practical dry air pumps with longer life and less energy consumption.

In the paper, first of all, the sliding force by a single blade was measured experimentally through the axle torque, and its

mechanism was made clear. Then, the torque by multi-blades was investigated similarly, and its characteristics which

should be affected by chamber pressure were analyzed. As a result, the following conclusions are obtained:

1). The sliding torque by a single blade indicates a cyclic change with rotor rotation, the absolute value of which is far

larger than the theoretical one estimated by the centrifugal force to the blade solely.

2). The sliding torque by a single blade is affected significantly due to the constraint of the blade movement at the rotor

slit. Specifically, the sliding torque is the largest around a point between the maximum protrusion hight and the

maximum thrust speed. Therefore, the set angle of rotor slits is an important parameter for the blades behavior.

3). In actual air pumps with multi-blades, the air pressure in the blade chambers as well as in the bottom space of the

rotor grooves seriously affect the blade motion along the rotor slit. Therefore, air holes connecting the bottom of the

rotors slits as well as air slots formed on the blade side-face are effective for decreasing the sliding torque.

Key words : Air pump, Air blow, Air suction, Blade, Power consumption, Sliding torque, Paper handling, Printing machine
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Fig. 1 A view of the experimental apparatus
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Fig. 2 Structure of a air pump
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Table. 1 Specifications of the air pump

) ) Type of rotor Centripetal slit Eccentric slit

specification
Suction pressure Ps kPa -40~0 -40~0
Blow pressure Pe KkPa 0~ 50 0~ 50
Flow rate O m /mn 0~03
Rotation speed N  rpm 500 ~ 750 1,500

Number of slit 8 4

. Resin-impregna-

Material FC250 ted Carbon
Blade Size (Length x Width x 40x80x5 55x75%4

Thickness) mn (Mass g) (116) (30)

Air slot Plane | Slotted Plane

. Bore of cylinder mm 127 118

Casing -

Material FC250 S45C
Lubrication Drop-feed Dry

Table. 2 Specifications of the rotors

Size of rotor type Centripetal Eccentric
Diameter of rotor ~ 2r mm 114 100
Width of rotor b mm 80 75
Number of slit 8 4
Depth of slit mm 40 55
Thickness of slit mm 5.1 4.2
Slit setting angle y deg. 0 22

Eccentric slit rotor

Centripetal slit rotor
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Fig. 4 Protrusion higth C(#) and protrusion rate v(#4) of
single blade (Theoretical results for a centripetal
slit rotor)
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Fig. 5 Sliding torque by single blade (Theoretical results
for a centripetal slit rotor)
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Fig. 6 Effects of rotation speed on sliding torque by single
blade (measured value for a centripetal slit rotor)
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An Estimation of Unsteady Flowrate and Pressure in a Pipe using Kalman Filter

Akira OZAWA™ ™, Kazushi SANADA™*

In this study, an experimental method of estimating fluid transients by combining a steady-state Kalman filter and an
optimized finite element model of pipeline dynamics is discussed. In this method, spatiotemporal distributions of not only
the flow rate but also the pressure in a pipe can be estimated from pressure at three points. Furthermore, fluid transients
can be estimated without accurate setting of initial conditions, and it is also possible to exclude sensor noise in estimating
the pressure and flow rate from the measured pressure including the noise. Steady flow rate was first estimated online in
real time. The estimated flow rate was compared with the flow rate measured by a flow sensor. This confirmed that the
estimated result coincide with the measurement result well. Next, unsteady flow rate and pressure were estimated offline.
For comparison, unsteady flow rates and pressures were simulated with the method of characteristics using the same data.
Unsteady pressure was also measured by pressure sensor. This comparison confirmed that the unsteady flow rate and
pressure can be estimated even though the input includes sensor noise. Finally, estimation of the pressures and flow rates
at uniformly spaced grid points in a pipe were discussed. The estimates showed good agreement with the simulation
results. Therefore, it was confirmed that the spatiotemporal distributions of pressure and flow rate can be precisely
estimated with the Kalman Filter.

Key words : Kalman Filter, Pipe Flow, Optimized Finite Element Model, Simulation
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Table 1 Parameters for experiment and simulation

Wave speed 1310m/s
Length of pipe 3.2m
Number of elements 5
Diameter of pipe 20mm
Kinematic viscosity 5 x107°ni/s
Oil temperature 30T
Density 850kg /i
Sampling time 1ms (real time)
0.1ms (offline)
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A Study on the Vacuum Characteristics and the Energy Consumption
of the Vacuum Toilet System for Vehicle

Kenji FUJINO, Nobuaki YAMAMOTO, Koji TANIGUCHI, Hiroshi YAMAMOTO,
Masahiko ITO, Xin Li, Chongho YOUN, Toshiharu KAGAWA

Railway vehicle pneumatic systems are included in many elements, such as the brakes, suspension, and doors. To date,

these systems have been designed through experience, and evaluation of the unsteady characteristics of these systems has

not yet been attempted. The railway pneumatic system termed a vacuum toilet serves passenger comfort. To assess the

efficiency of this pneumatic system, we measure the pressure and flow rate of the vacuum toilet using an air power meter

which applies the principle of the quick flow sensor. We also confirm that it is possible to improve the efficiency of the toilet

by changing the pneumatic element. The simulation results approximated the experiment data.

Key words : Pneumatic system, Vacuum toilet, Railway vehicle, Energy consumption
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Experimental Analysis of Check Ball Behavior for 1.-shaped Pipe
Shinji KAJIWARA, Tatsuya TANAKA

The spring-driven ball-type check valve is one of the most important components of hydraulic systems: it controls the
position of the ball and prevents backward flow. To simplify the structure, the spring must be eliminated, and to
accomplish this, the flow pattern and the behavior of the check ball in L-shaped pipe must be determined. In this paper, we
present a full-scale model of a check ball made of acrylic resin, and we determine the relationship between the initial
position of the ball, the diameter of the inflow port, and the kinematic viscosity of oil. When kinematic viscosity is high, the

check-flow rate increases in a standard center inflow model, and it is possible to greatly decrease the check-flow rate by

shifting the inflow from the center.

Key words : Hydraulics, Pipe Flow, Experimental Analysis, Flow Visualization, Check ball, L-shaped Pipe

1. &

WES AT 20, M- FiES), KE 2B,
JEx HHICEZ 72w EOMEHEPUE L Shb E X LI
Ao, MERMOREICLY, TAIVF—DEETR
& L THERBS AR LA, TR bAADZ L,
HEECRITHE, 1L X—=52l0Hh%dDIbIELF]
HENTWE., ZOMEY AT LOBEELRERINO O
DWF 2y INVTHRHL. Fxv 770 TR =V
ZHWTWA DL, —BICKR—ERZBHIL, Az
TGS 6 5 7201230 X o T T B HE % o
ZENLW. L LARS, K—LoFyy )y Ik
HNADOWARDMER I A W7y Y ER R EN SN L "L
CFEWHERLIR, T2, Foy 07 Eb )0l
JEREOMA L LTE, AL —=1FF 4 TELFIIVER—
ZATHdHE, A= T A TOF v 7 RK=IZDOn
T, EBBITEDLD Y BIROBRE B ER T W2,
T By MRICOWTIE, ZRocih® eRdREY 12
B9 2 FZe R WA RN R = ROCBUEIRITS 722 &% h
NTwab. LaLedns, I CLEREEOMEF = v
TNV TDF v 7 R—=IVEFHIIOWT, BENOIEE)H
DFENRPHNADB LT F 2 v 7 K=V OXEH 7 L1305
MIZENTVRN, F v 7 K=)VEY oL, Wit
BR=VIZHMAEN %G 2, S SICEMITHDD & vo 728

il

CER2AETH 1 H RS

RSTR- N  RE  E

(et RBOFHRKRBT /N3 —4 - 1)
(E-mail : kajiwara@mechkindaiacjp)

FAE 1

Mt e o TWh, TOLEDF v 7 R—IVOZEEI,
T O EBIFR & i, WiEE R SRR LD .
Z TR TIREMRKENT 7 ) VET NV E T
F v R=VEHEHLEEL, F—IVIlE, KEBLOH
HxzFENEFNESE, Ty 7 R=UHPEEL, Fxv
IONNVTIRERICHITELF oy ZHiEZHTE L. €
FhE LTI, AR EER L OB &S 2 fH% it
KLz BB, MERENTF oy 7 K—usiibfie L
TEMET 2HEIETEDVNS L, WHULDE S iz 0E
TN T 7 )VEE LT

2. RREEBIVTGE

FEEBEOBRA N 2 Fig LIRS, ©®OPCIZL-T, @
DY —FRT7 7 Fax—% (IAIERCARA3CI202 5200-Al-
MHS) O~y FAY—=FxHlf§45. 77Fax—4IC
HWE L, GOME YY) >~ #70H8 HYDRAUL CYL% /EH) X
BHZEIZEoT, OQO7 7 VIVEIRED L 3R itk

,::_ @ Check ball
@ Pressure gauge

el "E“_' ® Air hole
} : @ Camera
® Hydraulic cylinder
® Computer
i @ Actuator
D Air compressor
: Xy © Tank

Fig.1 Experimental apparatus

20134E 1 H CPI%254E)



94 HART V= K87 — 3 27 N2 aimmsUik

OftEERE L B~ O R OWGAAR E B35 72
DIZQODOVEBN S > 7 121X100kPadE % 22T 72 FEBRT
i, Fy 7 R=VRFLEL, Foy 2R TH 0%
AL, R— N omEEOEH%Z@OD300fpsiHHEH X T 12
LoTBIg L7z &b, MIREHZ W T ) 72012 R —
WIZL =< —AT+HIZ 6 fEiii~—F 7 LThb &K
FERDING A —F 13 F = v 7 R—VOMYPINE, (EBiho
BRER X OB O F = v 7 iR TH 5. EFVIBIRIZ
7U9mMmDF = v 7 R—=NVDA-72¢ 9 DMFEICHLG 5T
TA - T A2ERETVEETV L, MALZE ¢ 2124
L, VEBRHMOBERFIZ X o TR— V2 FEfE S5 X )12
AN EZRESAANY 7 P ERLEIBBLEDOZET
V2kL7: ZRHEFNVL, EFIV2 % ZFNZFNFig 2a)
BXUFig 2bIIRd. 72, LEHEEH ) oWk %Fig 3
WRY. Ty 7 K= VOIEEHET 572012, LT
BICB DO v VEGH SR =V OFL RO FE
i CTOVHEEZY) 7 MREELTER L. U7 MEIZ
A= &E L PEFEEOMEZ NPT IV R
ST LR OHMTAZ EICIoTHELE. Fo v
7 R—=IVOMPEZY 7 MEl, 2, 3, 4mm& L TEE
i1z F7z, VEERMOBIRGEL X — M0 2 EBh I O P
T&H% 6mi/s, 15mi/s, 3dmi/s» 3L LT, F=v
7 HEIZ 0~ 60c /s (0~ 60x10"°nd /s) D#EEPHTHEER
EATo7z FEBIIENENS YTV, Fo v ZitmB LY
FEENE 2 S O TEHE L 7.

LA JVAERelZ, ALENGEY= 40/ n D% A>T,

1 @ iy

(a) Modell (b) Model2

-T— |
|

Fig.2 L-shaped pipe arrangement

Outlet

£ . 65(¢2) Inlet
v = | —

p 1 3
B8 5704

$9

Fig.3 Experimental Model

AV 1

RATHEING.
D _ 40

Re =

=0 T

CEPREE, of /s
Thb TOLA 2 VAKOFEMEOMRER S IE AR
(2mmF 721X 5mm) ZFH7-.

F72, R—VNHEEOKTFEZHO2ICT 572012, fims
BiE R 2L 3e, Fo v 7 K= VELORNOMTB X
O R — v alfizf % 300fps D = EE 7 A 7 TERI L 72, 2o
WNORETFE, TEBRHNIC T IV~ A NERINL L 7= Fik
BUumOEEERY) =5 L v (LR 70— —X)
RRASE, BFUHEZIT) LK o THIZ L.

3 REBHER

EERIZX o THONIR=IVINREE, Fov Z70HEE
olzFzyriime) 7 bROMREZFig 41T, &
B, Fr v 7RsIIHBMENE L, RES BWINTH -7
2O TR LIz, SORE Y ETN 1 OFIGEADY;
A, U7 FElmTIREREOZILICE S F 2y ZHED
BALIIA R <, 83t /sSUITF & rolz. V7 FEDSSKE L A
BICL7D>TC, Fxzy 7imdb¥mLy) 7 b 3mmTidik
20cn /sDF = v 7 BV ETH L LD3brb. 2O
U7 b 1mm2 5 3mmTIXEIRE OB > TF = v 73t
BARA L7z, L LRSS, U7 4mOSEI 38k E
OEAHRBLITTT = v 7 IHENDBENPRE VLW HE
ReEhof, Tbb, BREEAN5m /sD & ZITHRAD
F v 7w /s BT b ol —F, BT
2OMEE, MAOZR/NAEEZTOTILICEST,
F v 2 HBERZEFICRSTIENTE, EBEITo 728
PHCIEF = v 7 iitma83cn /S TIZTE 5 Z Loz
COFFEMIMALNEZ 7 bT52LI2E-T, itz I
HINE 2 BBICHAT 2B O ), ThbbR—
ANOTHIPMET L2 LIckbEEZOND. ZOEF

60
—O—Modell:

6mni’s
- ¢ -Modell:
15mni/s
-4~ Modell:
35mni/s
—O-Model2:
6mni’s
->%--Model2:
35mni/s

Flow rate Q, cm3/s

1 2 3 4
Lift L , mm

Fig.4 Relation between Lift and Flow rate of Model 1 and
Model 2

20134E 1 H CPI%254F)



PEJE - W IEL RS T = v 7 R— VB O FER I AT 25

V2T, BIEEE Y 7 FowEhd, Fv ZiEAD
REBIIFEIT N E o T

WIS, BTNV, BEFV2ICBIFAEHEE F 2y 7
BOEKRE ZNZNFig 58 X UFig 612”7, ThHM &
D, EFV]1IORAIT4m) 7 b EBROWTERIEI K E L
LA EEFy rimh Rl eb, i, ETNV2TIR
BREER Y 7 FRICK B F = v ZiEOZEHIEF IS
WZ EWNbhAL, 7272, EFNV1IOY T MR 4mTIE,
BRSEE5m /sOB BB S DF = v J i e LB LT
LT ENbhrotz. T, R—=NVALEMALRE D K
<, K=V LI H72 0, K=V FHINZ A
LHILICEoTF v ZVMENE L ol bEZLNA.
272U, BRREDH AMED ERE 25 & BT AT
OMMERDKREL Y, ZOTFHNEREIDNRS 2
Lo TF oy ZmMPV R otz EZ HN5. Figb
BLUFig 606586 N8 L LA 2 VRO MR %E
Fig. 78 L UFig 8I1Z/~d. 7272L, Fig7iZE®7 V1, Fig8
EETN2DBDTHAS. LA I VAEReIIETOHRAET
1000 T TH Y, RimREBIEL, BiRSEREcL s
BIMBEORENITRKE W LA I NG, —F, BTN 2
1%, Fig 68 £ UFig. 8% 4 mIEHN L 7-#iPH <L, BhkEE
DRBIIIEFITINE o7 LA IV X HRed 1507 EE A
LIT0REZEE TOHTH ), WINLRBRIKETHS L
M ENDE, ZOEFIN2EF = v 7 R—)IVOFHEISER
MEIFESIETNL05, BREOZLDE JITT R —iFE

G0
20 B
40 ¥ . - =o=lmm
30 £ =o=Imm
-&~ Jmm
=& -4dmm

cm?/s

20 b F o
10 -~

] 10 20 A0 41

Kinematic viscosity v, mimd/s

Flow rate 0,
a,_

Fig.5 Relation between v and Q of Model 1

il

5 =0—1mm
o F =& -2 mim
30 e
=& 4mm

20

e B s
1] -
L] 1M 0 30 40

Kinematic viscosily v, mm?/s

Flow rate ¢, cm’/s

Fig.6 Relation between v and Flow rate of Model 2

ALl 1w

R L
§ 50| ,ﬂ,,' =0~ lmm
- g0} - % |+-2mm
Py i L |-e 3mm
2 M
o b =& - dmm
'= 2“ B e S 1
2 o Py
: 10 ="

0 &

0 500 1000 15000 200N

Revnolds number , Re
Fig.7 Relation between Reynolds number and Flow rate
of Model 1
® il
E S0 ~o~ lmm
::d- 4o } - & 2mm
£ 30 -4 Jmm
g o4
'g 20 i
= 10 :
n i i
0 Sy 100 1500 20400
Revaolds number , Be

Fig.8 Relation between Reynolds number and Flow rate
of Model 2

FIINOREIINE .

WIZ, Fx v 7 R—=VEEBOREMFIZ & 5 AR — )V RllE~
DR SPITT B0, F—IV[aEE D E IR 2R
T 7 b I mmlZ B A PO ERFR % Fig 912, [
B2 2, 3, 4miZ B % 0lE# R % € h 2 hFig 10,
Fig 11, Fig 1212779, Fig 92> 5Fig 12X 1, BikEETK
&L % LB AVNE L b T bbb, Tz, iE
&MU I BIRICH B E 2 5. TR 6 mif /st
B EEEE ) 7 MEOREZFg 1312, FFIZ15m /s
2B MR E ) 7 M EOBERE Fig 4UCENFIURT
BEPREEE 6 mit /sTIZY) 7 ROV L7245 TlEEAME
TLTWA., Z9THY 7 A 2md 5 3mmnTHOZE LA
KEhpodz THUL, ALY S OWEHE OB LR 2o (78 A
KRELSENMLDTHDEEZSNS. Fig UOBRLEE
15mt /sO LAY E O 7 M 2md D D 3md
BERR— LV oNHIIE ko7 T, K=o
RO & AR — IV OBATE R AE BRI R T, R—
WAHEOFERGE &R L B2 TIDINT 22k - TRES
NoblbeEZONLZOEE, )7 MEOHIINZ X T
I o728, F o v ZHEOZBLIZIEEA LR
Noiz.

5, WHYLEBRFERE LT, EFV1ICBITL) 7
M 2mm, FEE75cn /sIC BT BINOBET % Fig. 151271 7.
72721, Fig 15@NZEHREEE 6 mi /s, (DI B EESSm /sy

20134E 1 H CPI%254E)



26 HAT L — KI8T — 3 AT KRR i
2000 2wy
E —-1.3cm3/s E R ——
= . © = ==1.3cm>/s
. 1N =#2.5cm3/s P 1500 .
._E_ 1000 F & -a-3.8cm3/s :_.E- 1000 =-&:2.5cm>/s
2 ™ = 5.0cm3/s = =#&-3.8cm’/s
L3
- S0 L E )
= a P S00 = 5.0cm3/s
B mme o ittt |
l:l' n-‘--"-‘-‘-"': . e I u
1] 10 20 £l 40 1 3 3 1
Kinematic viscosity v, mm?/s Lift £ , mm
Fig.9 Relation between v and Revolution of Lift 1 m Fig. 13 Relation between Lift and Revolution of 6 mi /s
200040
e 3
2000 E 15041 ==1.3cm’/s
E_ —0-1.3cm’/s é —-& -2.5cm3/s
. 1590 C\ =& 2.5cm3/s = 1000 3.8em’/
5 \ 3.8cm’/s % Tl
=) . -3,
—= ' Y \‘. = -5, 0cm3/s é —-nr-5.()cm3/s
'E il @ \~ 0
::"-' : X l-.l‘:\.b

Fig. 10 Relation between v and Revolution of Lift 2 mm

2000

10 20 30 40
Kinematic viscosity v, mm?/s

15M

1041

Revolution , rpm

—~1.3cm?/s
= +2.5cm3/s
=i~ 3.8cm3/s
(-
=i, —&-5,0cm>/s
F.Y S

Fig. 11 Relation between v and Revolution of Lift 3 mm

g

Kinematic viscosity v, mm®'s

Hevolulion , rpm
- & 8 8

-

Fig. 12 Relation between v and Revolution of Lift 4 mm

HA4% W1

=g=1.3cm>/s

=2 2.5cm3/s
-&-3.8cm3/s
=& 5,0cm?/s

10 n o 40

Kinematic viscosity v, mm?/s

Lift I , mm

Fig. 14 Relation between Lift and Revolution of 15 mi /s

ETHAH. FWERIZ, V7 bE4mm 239 /sSORET %
Fig 1612773, Fig. 16X BN 6 mof /s, (b)Id Bk & 35mnt
/SOETH D, INHOFEIER—UANEL LRV
DHLOTHIEL TW5DH. EFIV 1 T, Fig 15k VFig 15
()DBPREEEAT 6 mif /s & AR EIIE AR — VL E O R e
BT, &5 \WIEFIZmD ) i Eff4 Omhs g s
4. —7, BpRESSmE /s & ZIZ AL S HITET, K—
AT £ AL =R LM E RN S LT \n iz,

Thbh, BEO LA L722% TR Y Ot omRA
WBIY, Fryv IRENE holzbEzbNhb. -
WITNORETO R—VOREMAEZ b5 L) R s
N725, BIREEEAMER 6 mif /sOMG A ZBHEEOE WG &

HA_Tlm g EINZ Figledn) 7 b & 4md & %13,

AEH S OWERASR— VO FHIZH 725 T D 2 & AR
N, FOEROFIHZED B KIHAR =T HEANI
boTWnbEEZ LA, Fig 162)0 X 5 [Tk E T LR
DL WAL, R—VE D ISR 2 DAL, —
HOR=IVDOFEHANDOFHIUIL > TF = v 7 K= UhFE
THIEDHERINZ. L LAY, miEOSAIE—
BRI Wi E e o T B,

WIZ, EFN212B1FA) 7 M 2m, Him38cn /sBT
LN OET #Fig 17123, 72721, Fig 1738k E
6mi /s, (DIEXEHEEELSmE /sOYETH 5. DL &, fEH)
WMOTWALIDIR = VO E RN LTI 0Tnb 2
EDBIREN S, Fig 1)L Fig 170 % b3 5 &, Wi

20134E 1 H CPk254E)



PEJE - W IEL RS T = v 7 R— VB O FER I AT 27

MO B FERGE D A SN TWBEA, [ Uit T BkE
PREL %5 LREBRAVNE K o TWAH I EVDR 5.
EHIZ, V7 bE3mm E38cn /sOIN DT % Fig. 18
12”9, Fig 18@NI Bk 6 mif /s34, (bid15md /s
ETHAH. Fig 1801 7 b 3mmDHE T FEFRICERE
PREL 2B LREMEIENES o TW5%Y, V7 2m
DYty EHARTR=IALEDMRN 72D, AL 5 DWEGEAS
R—IITEEEN - 5 TR ELERRESA LN, A=V
FIHAOWIIIIZE A EHR SN,

4, & =

A s ¢ 5 THRATHETF VL EH A B0 ¢ 2 Tl
A&, ERRERRESELEF V22 ANT, Fov s
R VEEZP S, L7z 612, THILERICK 5T
B OFNZH S Lz BTV 1 OHRFEADLE
i, Fig5BXUFig 15L&, V7 bEDS3mmPl FE/hEwn
& EITR—NVE Y RPREOFRNDS KNS L, R— st
LCEHIDDE LR WO X B8N, —
F, V7 batdme REL D LRIV ETBICERID
720, FFRCEENREL BB LTy VRN L LE

Lot

EFIV2TIE, U7 ME2mm FEE38cn /sD L EDKR—
VIR Fig 10& 0, BN 6 mi /s34 13#91000rpm,
BkL EE15mit /sD YA 1EF0mpmE RE R o T 5.
Fig. 17O W HULERR 2 S, WAL, 5 OERKIZF = v 7
A= VSIS H 720, EFICHHL T2, Bk
FEDTK & { % B LENIRASFGE L VW & hbolz. L
LMD, Fig 6k DEMENB XITTF = v 7 im0
WEIIERITNE o7z —FH, V7 FE3mD & X1
A=V O FEEAEHREE 6 mi /sOA1HI700rpmixt L,
B 15T /sOBAHHI2B0rpm & FEAVNE L otz 2
Dk %, Fig 181Z7R L7z X 9 IR EE ClEshv el i 2581
ZEEN, EREEECIIBERITRIZES < % o T 7zas, ARRET
IR =N % REE S5 7200V E WD, K=
FfEE DAL 722 EAHEE SN A, Fig 6 TR L72H)
FEEDZEALIC L B2 F = v ZimDENITLEAERLN
MolzDiF, Ktk ERFEONT > 212k 5T, fEEL
TOF v 7 EIZBAEN A SN Lol b HEEIND.
INHED, EFV2IETFTIV] ERIELT, KEKET
Fry ZWETHY, )7 MEREREOREE ZFI12L
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Fig.15 Flow pattern of Model 1 at lift 2 mm, flow rate 7.5cnd

/s

(b) Viscosity : 15 md /s

Fig. 17 Flow pattern ofa Model 2 at lift 2 mm, flow rate 3.8

ot /s

(a) Viscosity : 6 mi /s

(a) Viscosity : 6 md /s

(b) Viscosity : 35 mif /s

Fig. 16 Flow pattern of Model 1 at lift 4 mm, flow rate 23.9

cm /s

FAVE BT

(b) Viscosity : 15 md /s

Fig. 18 Flow pattern of Model 2 at lift 3 mm, flow rate 3.8cn

/s
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