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A XX THWZE/RFE S (Nomenclature)

Ai
As
Di
D
G,

: area of injection pipe

: area of suction pipe

: inner diameter of injection pipe

: inner diameter of suction nozzle

: mass flow rate of air

: mass flow rate of powder and particles

: mass flow rate of particle by injection flow

: mass flow rate of particle from suction nozzle circumference

: acceleration of gravity

: height of pressure sensor

: insertion length of suction nozzle

: insertion length of injection pipe

: loading ratio

: mean pressure in injection pipe

: mean pressure in suction nozzle

: total pressure loss in injection pipe

: total pressure loss in suction nozzle

: dynamic pressure at mean velocity of suction nozzle
: dynamic pressure at Us" in suction nozzle
: volumetric flow rate of injection

: volumetric flow rate of suction

: given volumetric flow rate of suction
: radius

: mean velocity of injection

: floating velocity

: floating velocity at xm=64pm

: mean velocity of suction

: mean velocity of suction by Q5"

: particle diameter

: mean particle diameter

: axis

:efficiency in suction nozzle

: angle of repose

: density of air
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Fig. 1-2 Schematics of injector feeder for powder‘'®
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(b) Combined type

Fig. 2-1 Schematics of experimental apparatus
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EE L, MK LIKE OixzaxEfbsE s LTk
T5., KA E, v 7 1l ETHEBKBETDLZLEEHAEL T

l

TE

Hl-®, ELKLIFIUTFTICEREEEISNDS, TOD, 38EF
A ToEICTHEBRIT I ETCo®mMETRTZEIZT 5,
e ok ik, EWOR &R E PR (KBEEE) TERT
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Lk 178um (B 798 E 2.5X10°keg/n*) OEKREH 7 2 € —
A== 28 UB-91IL] o 1 EE EZ*H W, Z Ok F
DY R FROBFERE, TEABLPEMEEIT, 22
ol.Im/s, 22.9° B X W 0.37 TH DY, b, ZThbHo
I, AR FRICB T 2 ERE Urk RO D72 DI H
Wk B < T o8y AR Hinds®Y o #F %2 &, £
MR OBEMBICH = > TIlE Roller®V o F %2 2 & & I
L TwWwi3d,

2.4.2 BAHF/ ANLVNESHESIURHBHLEBARIOEE

4 BB RD AV HERICB IETWIAAR S, X LES
BIXOMBHLEMBARIOREBELMR AT 2120 0 ERZ
ff % Table 2-2 1T /R ¥, WA & /7 X)LV HNE Dsid 100mm (S
££ 110mm) & L, Type ADHHEOKRMELENEL Dild 20mm
&L, & Di/Ds (Di: RH LENE) 1L 0.2& 725,
Type B % A&, W L& B mf%E Type A LR —127 %7
D, MHLERNOAMIZY > 7 2EFEIF 25 LTk,
ZOMMBLENRIZTY 7 N 111.8mm (A £ 120mm) &
L7, 2B, I=0nm O FH TE, B 11.2mm ©J v 7 %
M LE O FPiEEBCHRBEBIF L2 LICLD, MEESIX
Tmm & 72 %,

o2 O % & % Table 2-3 128 T, Type A B L O Type
B¢ HiZ, Fig. 2.3 a3+ MMEBLEMARES 71T Onn & 5
iz W T, MAH ) XA VS 1T 0, 20, 40, 60 B &
O 80mm ® 5 £ & L, £/ AL Omm OFMHFITEB W T, [
X 20, 40, 60 ¥ & O 80mm @ 4 F i H> W THM L EZ, &
512, Type A B X O Type BO R %2 XV oI 57
¥, h=40mm, /=40mm ¥ X O A=0mm, /=130mm ® 2 & £ 2 >
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Table 2-2 Experimental conditions

Insertion Insertion

Inner  Inner length length ~ Given )
Position diameter diameter Area of Areaof  of of  volumetric i Mean
of Nozzle of of  suction injection suction injection flow rate veloci perticle
Type injecion model  suction injection pipe  pipe nozzle pipe Of suction *ty diameter
pipe* nozzle  pipe A A to to 0] e 8 Xm
D, Di  [mm? [mm] diameter diameter 103 [m/s] [um]
[mm] [mm] ratio ratio [mz /5]
hiDg[-] 1/D[-]
A Inside 0~
0
B Outside 0.8
A Inside 0~
Combined 100 20 3662 157 0 5.3 14 64
B Outside 0.8
A Inside 04 04
B  Outside 0 13
Table 2-3 Experimental conditions
Insertion length of  Insertion length of
Case suction nozzle to injection pipe to
number diameter ratio diameter ratio
h/D; [-] /D, [-]

1 0 0

2 0.2 0

3 0.4 0

4 0.6 0

5 0.8 0

6 0 0.2

7 0 0.4

8 0 0.6

9 0 0.8

10 0.4 0.4

11 0 1.3

29



WThHLBEMEWMLE, BERERAERO
GO~ 0L FoER, 210mm & L 7o, B E WA A R B Q1L 5.3
X10°m®/s & L, Z O ERIAHR

0
DR E, T bbb WA SRRE USIT, R

A R 28R
FOFWEEE ZWE T S, 1.4n/s L b, WEE 0i/0
WAL E Q%2 — T L L, MHLHKEE 0% M 2« £k &

TorZ itk wEET D,

o ik, YR FRAE PR (KBEEE) TR
T 5L 64um (K 7% E 2.5X10°%g/m®) OKREH T 2 ¥
— XA [=2 =48 UB-25L] o 1 EH*MH Wik, Z Okh
TFTOVrHR FEORFRERE, TEMAB I OCEMEIL, Th
ZH 0.22m/s, 24.1° B LW 0.39 Th 5 99,

2.43 RAARBEBES LV FEDOELE

5 Bl R_RD A REICBEBXIETHRAARZATELS IO
b+ RO BEREST 5720 0 LB KM % Table 2-4 12 R
T, WA A ANVNE DI, 3ER IO 4 & LRI,

N

100mm & 720, &R/ E Di/Dy (Di: WH L&

N

&) X 0.2
Lo T D,

‘M FMFITOWVWTIE, KFEDOHEMNTHLDLIERE - &
MEALAEEEZ, AEOK RN DL, W Type & b IT, &R
EoEmOROBEEIELONLEREMBR, 2F 0, WA KR/
XD ) XV E K h/D=0.6, WHLEOWHAES K
I1/Ds=0 Z R M Lz, F, WK HESoNEIT, 5k
TRF g2 500~ GO L H 2, W Type & H I 210mm & L 7=,

BEM 5.2.1 TlE, WA B MEDLZLELMR D0, &

N

AL U % 1.4, 1.8, 2.2, 2.6 B L O 3.0m/s I FE
L, fF 5 &M & Lz, b Ficix, 43 R, FBh

X
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Table 2-4 Experimental conditions

Insertion Insertion

Inner Inner length  length Given.
Position diameter diameter Area of Areaof  of of  volumetric Suctiog  Mean
of Nozzle of of  suction injection suction injection oW rafe Velocny perticle
Tyre injection  model suction injection pipe pipe  nozzle pipe Of suction diameter
pipe* nozzle  pipe A A; to to [OR U, T
Dy Dy [mm’ [mm?] diameter diameter ;03 [m/s] [um]
[mm]  [mm] ratio ratio [ms]
hiDg[-] 1/Dg[-]
A Inside Stand-alone
53~ 1.4~
114 3.0 .
B  Outside Combined 4 =
100 20 3662 157 0.6 0
A Inside Stand-alone
58 14 oo
) ) 272

B  Outside Combined

T 64 m(KLF % 2.52X10°kg/m*) DK A T AL —X
[ (k) == =4 8 UB-25L]1Z Wi, Z OK F © % iR
B, ZEBEABIOCZEMEBEER, KR TROEEMAE LT o 2 5&
TRFZE N Kbk, EE L 0.22m/s, 23.7° B X W 0.39
E DL, RABWIEDREEFAE L LT RS
THLBILERRELEABETHLALDIFHERLEEZRHEBET 272D,
RE TN T 2BICH W ®E®ERETETHFRECYTHL
i (Us=0.26m/s) #8H M T 2, ok, T o0FHh &
64 m O VFfEHEE (US=0.26m/s) THxooib L 72X 5.4,

v

6.9, 8.5, 10.0B LW 11.56 ¢ 725, i, REWAL
O:"1%, 5.3~ 11.4 n’/s O#PHE L 720, &k 0./01
NH W E Qs EE L, R LIEE O HEx At
Ll kv RET S,

FED 5.2.228B 5/ A LERICBILIET R 7O E

@%Hﬂlﬂ

(Y
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Br@HE&ET 200 FREMITOWVW TS, Table 2-4 TR
I, Ml ORI W dA B R O 2 B A o %S L [k,
Bo ¥ % 2.5X10°kg/m* DR H 7 A v — X [(¥) = =
A 8 UB-25L] z HlWwic, ki FREOEE L B D 20T,
R T A& xm 2% 49 m, 64pm, 10lpm, 178um P LV
272 m O 5 FEE A H W, Bk, MRk 7 o By KFF
ZOW T, BfTHRECOTHELSRTER/HEREAFRTHL R
ALz, WiAAE U L 5.2, 1 BT D Wik & i #E o

2B A O BRSNS, 1.4m/s (K T W% A B B o# kb
Us'/U=5.4) ® 1 &L L, £, FERIAAIKE Qs
i 5.3m%/s &7 0, EK Q/QSITWIA R E O % — &
L, M LE Q2 Ax Ll ELZ LIk HERET
AR
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JANVDOHMASETA TG G oA E ORI DN T
AL, Wit (TypeB) O XA R RHHEE2RD L 2 & &
L, LT, xDOFEMHITB T 2HHEEKOETEZ KRR
J AN ANAEHE O AL E S LIS,

3.2 RBEHBEBFLIUEE

3. 2.1 RHLEOHOREZR—ELEHEEOMRE LA
YFEFEALEORE

M LAMEEZERFMICELSELELEEGOREGHE m
M ER 0/ 08 DM %E Fig.3-11C77 T, 2 2 T, Type
A B XV Type BITWH M LMrmME~AE-—T, ®HLIKZEN
Al — O AR E LE WA WHEDE— L&D, 6
W E H W &2, 3.2.2 [CB#HEL ClELZEHWE,
ERkoEETH LKL LEZE T OICEAMNTZ Type A O

[

150

Type
A
B

@
Jal

100

A

50+

Loading ratio m [-]

0 i I . i I : I .
00 02 04 06 08 1.0

Flow rate ratio 0/0." [-]

Fig. 3-1 Relations between the loading ratio and the flow

rate ratio (Type A and Type B)
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YA, AT R O T 5L, WA KR S RVANREE K
O A Z i B R D o W E Dy AL E RIS &K
LZ20WRn, k@B oL TV REMETHLZE2mAL L,
Qi/ 0:°=0.7T HIEDOREALDAKEEEL L OERFMHEICK
K BB EER O EREAY KT, 2 0RMERELE T RIE
kkEtEEL WD, 72, 020:/0,<0.7 O i & #
TEMEHTEFTHFIC T y P TR Lnb, KK
OENZEXBFT2ZDICERHELITOEANNLETH -
oo KoT, MM LWL EEEZFHERLELZ, WHLE %
W A F 7 R v 4 BRUAE T 72 Type B o8&, TR =k
D Qi/ Q=0T ICTEB T DIERA KT Type A& & 131X
AL ThHodzled, RKHLOIBMFIMNEOEELZITL AL
JenwzZ PR bbb, EEL, i &EELIBICKR D L, Type
BOBADIZTI ODRBRAGHENE TR D,

IhLOEMEE,RIAR S XN DGO R T %S
Honricd 2, BATHECYLERERE, THAAEBE TH LN
BB EORBILICES2HER (LT, WEBERLEES) B
FUOmBIZLIL2HmREAKERBTEOER (LT, BMEBERERMN LN
Sl viRAEST DL, LT, EK 0//0°=0.7, 0.8
BLXOGOOLIDHATBW T, B LAMEZZLSE S
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HERLE, RIAL ) AVHNTEHREREGRELE RS D, 5K
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|
NN
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|

Axial position z/D, [-]
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Air flow Powder and
particle flow

. B B S M i s’
40123 40123

Radial position 7/D, [-] Radial position /D, [-]

(a) Type A (b) Type B

Fig. 3-2 Fluidized and collapsed boundaries of powder

and particles for each of the flow rate ratio

KO WA R P OW I W E R L TWD, Fig, 3-2(a)lc /& 7
w3 XD Type ADH A, HELBRKELS RDICHOoN, K
BB R IR L E o RISy, BEFMICEL A,
UEREIEDLBRICLIREDEOEBE 2 2T
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THT EH L TW3, Fig. 3-2(b)IiZ x93 I it XD Type B
/a\ ey

DY aE, MELNRELS 2> TH, MEERITHRELIKHE
OERIZLEELLT, WS FHTMITIF LA EEMLEST, BE

ERbEFEAEELLL TR W, 2L, BIAHR I X LVA
ODBBERICERT LS E, MEBLDNRES D LE, AR
JANLVKNMPM~BE T L5 EE,RHLZEXERICE DN
A A NVABMKBEEORREDREZRL TWVDLEE XL
Ly DT, T OBEN Fig.3-1 OR AL OB D MHEE O
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BLXOWIAR ) ANV RE g & £ Fig. 3-3(a), Fig.
3-3(b)B £ O Fig. 3-3(c)lc " ¥, 2 2 C, P, I1X, Type B
DGO USICB T 28 E%® £ 3. Fig. 3-3(a)lc = 7 %k i
LEE2ERKE R D L, Type ADEF AWK L, Type B D
a3 EERCEI>LomEellt. ) vy 7RSO TIER
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Normalized total pressure loss
in injection pipe AP,/ P,*" [-]

0-0 I ! I
0.0 0.2 0.4 0.6 0.8 1.0

Flow rate ratio 0/0.” [-]

(a) Total pressure loss in injection pipe

X 103

0.4

Type
O f\

- g,

0.2¢

0-0 ! I I
0.0 0.2 0.4 0.6 0.8 1.0

Normalized total pressure loss
i suction nozzle AP,/ P™ [-]

Flow rate ratio 0/0." [-]

(b) Total pressure loss in suction nozzle

4
Type

0 A

2rl A B

0 L 1 L 1 L 1 L 1
00 02 04 06 08 1.0

Flow rate ratio 9/Q." [-]

Efficiency in suction nozzle # [-]

(¢) Efficiency in suction nozzle

Fig. 3-3 Relations between the suction nozzle
performance and the flow rate ratio (Type
A and Type B)
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VAN V2 O [ /AR 55 B VAR % NI /NS Nl ¢ < IS R i & o) [| = O R N
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AFH ) RNV EREER D EIREG SRR MENE R T,
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Fig. 3-4 Relations between the loading ratio and the

flow rate ratio (Type B and Type C)
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Fig. 3-5 Fluidized and collapsed boundaries of powder

and particles for each of the flow rate ratio

(Type C)
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(c) Efficiency in suction nozzle
Fig. 3-6 Relations between the suction nozzle

performance and the flow rate ratio (Type

B and Type C)
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