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Mean Flow and Turbulence of Water in a Cylindrical Vessel Agitated by Bottom Air Injection

Manabu Icucw, Masaki Suinkawa, Hideyo Nakamura and Zen-ichiro Morita

Synopsis

: Cold model experiments based upon aqueous systems were carried out to study the mean velocity and turbulence

intensity in a cylindrical bath. The axial and radial velocity components in the cylindrical bath agitated by air injection
through a centered single-hole bottom nozzle were measured using a two-dimensional laser Doppler velocimeter. The
spatial mean kinetic energy for the time-averaged component kn,. and that for the turbulence component k., were
obtained. It was found that ky, and k.. depended on 0.60 and 0.72 powers of the injected gas flow rate, respectively.
The energy supplied by the injected gas into the bath therefore was more consumed to maintain turbulent motions than
to do the mean flow, i.e., the circulating flow as the gas flow rate increased. Measured values of the spatial mean
velocity Vi, = (2km,y)*? were satisfactorily approximated by an empirical correlation proposed so far, but the depen-
dence of the present Vy,, values on the bath depth H, and bath diameter D was different from this correlation. The
spatial mean turbulence intensity Tu, =(k¢v/kayv)"? was above unity under the present experimental conditions.
Key words : injection ; bubbling jet ; mean velocity ; turbulence intensity ; laser Doppler velocimeter.
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Fig. 1. Experimental apparatus.

72, BIEALE LB 5 cmfiFE, SRR FHEC0.5cmb
BWIX1.0cmiifE L L, A AFEIXQ,=40, 80, 120cm?®/s
LT, BEQESY 2 AP ORRICs Y, i s
Pz, PREMEZ er, RAEEEEZ, ENFNDHRD
HEERST U, v, wCEL TV 5,

BEOBEPABHACH, ELRIUCTZEORERZHL,
WiEFH,=15cm? 630cm 2 T 5 cmBEALI ¥ 277
LIRERSEROEROR Z 6 LRI REL TV 5,
WEROBECIEL T, D=20cmD&E&H M2 TD=12.6cm
L30cmOERE A TEREIT- 72,
2.2 REH*E

LDV % B« T 6 izl A m & 2EEH O ER v,
v, % MG, ¢EELNBSY, VIS RRET B,

B= 2/ Ny oevesemsssrss s (1)
\_’:gvx/Nv ................................................... (2)
U Uy +ovreereeeesnes e (3)
TR S PP PP (4)

CIZTNL NBF YV ZETHE 7Y 78I
30000~50000T H b, #EHHIZ+I LB EHERL TV 5,
A ROPHER, SLuaw b RIC L S EREI N
%,
2:2°1 PHFROEFH = F X —

SERR OB AN F— R EFRES AL TRRTESE
afid,

kp= (@+%2+W2) /2

BRCRAEAERBIAINTV2DT, BEEREIIHK
B EHZ AN —2RKD B IR, FTAK—NVFT v 70D
DAL HEET BRLENDHY, BAVERCLS, 22T,

COMERPELET D CEEERCLVHEICEHLTY
3, RISLAEBRKETOBRNOPEEM LT AHK—V T
Yy ZPRB2BUTTHY, FMERILRCEFZL TV S,

ko, DWW b1 5 M Pk, B ARRTH L 65,

18

Kmy = vkadV/V

SITVREDOHRERT.
AMETRIGERDERD L CHEERNRE LT3
DT, w=0t& I EHTE, N(5)IKRKRNLEL B,

kn= (@2+¥2) /2

T3k, ZPR(6)I2HET OV TRD 2L TR, 7 &8
B3 B02, VORI ESAM W L i, v
R, N6 F I GUHFENIEY L Tad, L 2RTEL

o Kmy BB KRTEH L 605,

km,v = (ﬁzv + ‘72\/) /2

ZZTHFCEVIR Z N ENEE TS L ERESERT,
2:2:2 FHEHNOEE)THF ¥ —
ANOEFZANVTEF—RIARTEEINS,

ke= W2 +VvE+w?) /2

BIER & ARG L TRELNBR T DFETREDE L - T 575,
BRI TR 12 B 0 tmes Viemes Wrms £ DR BWE =10 ms?,
V=V sty WE=W s OBUED D 5, FHH & DL O
X, RUAEFROERO 2 wIBAQEEHh L RN E
DENKZT DK S SHIITHFEL W, LI2H - TkIERD &

HIIEING,
k= (@2+2v2 /2

Dk FEBHNEER DI TZERBTFE L 12fEke 1, knoD
BALFARLBErEEITILELLY, RRTH2OLN
%,

kv =S5, kdV/V=(W?,+2v2,)/2

3. RBRRLER

3:1 EHREANOBB T ANF—ICRIFZIRAHHTR
REOXE
3:1-1 PHROEET A v F—

Fig. 2, 3 BMfIE - 20 L VORI MFME Q=
80cm?/sDIFA D TRT, aiddh b m bim x #1E, vid¥F
ZHmprm s ZIEE LT 5,007 7 A 6 Dk
ZOBEME LA CFHII - TW LT b b ERFFEED
MR FRNDIRD Y idzE £ HIZKS {25, vDfEIXGIT L
RTIEFITHI W,

Fig. 4, 5202 & 9. D H 57 % 3FHO L ALz D

CCTRT. PO EFIIMEM RIS 2 HBATTRTH 5,

Q. =120cm?®/sT &, WERE T DIKENH B L { 2 H, KEGL
DEEVFHET R 2 5,
Fig. 6 {2k, G20/2, 92, /20H% B AREQ X LT



gSO
5 0 © 0g = 80(cm?/s)
40F =
2w
PR
30' 8vv i A
7S
201 .
| ° 9: v D=20cm
10 = ox Hw =30 cm
. 0 b3
4 s © %
O 000(-). ] 2 [ )
n £ %
100 4 vy 4
0 5 10
r(cm)

Fig. 2. Radial distributions of axial mean velocity G
for Q;=80cm?/s.
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Fig. 3. Radial distributions of radial mean velocity
¥ for Q;=80cm?/s.

ny b L7z, RPOXFERZBEMEL TS 215U0F6 I
WAITRTD Y, XXTEL LN 5,

km,v =1, nggo.ao ............................................. (12)
ﬁzv/2=l.66Qg°'6° ............................................. (13)
V2V/2:0.25Qg°'6° ............................................. (14)

CDEOE, PEROEH T AN —DIBHNEEIZ b2
ZE Rk WX H ATREDO0. 60T\ ILFIT 5, 7077 L 2BE
HEID B DRy y ™~ DHEHIZIEE TS v,

3+1+2 HLhDEE) F v F—

B ATREQ,=80cm3/stz 35 1F 302 L vIDEBZH A %
Fig. 7, 8iZ/"T, Hil#hs L 1o EBRAE R L Rk, u?
EVERAEECIES COoN TRV I ABER LB LS
kB,

Fig. 9 (Zkev, w?,/2, V2, /20 RIEME % H A FEEQ T3 L
TRT, KPOEFIZENFKRRTEINS,

kt,v =1. 85ngl72 ................................................ (15)
FV/ZZO .69Qg°’72 ............................................. (16)

ZERDBER S 2L - THRIES 1 5 INERMOKRDOPHF Ll

150 D=20cm
F Hw=30cm O Qg=40 (cm%s)

B O Qg=80 (cm?¥s)

7. (cm¥/s?)

100

50

0

Fig. 4. Relation between the crosssectional mean
value of G? and axial distance z.

:'{ 150 D=20cm
5 m Hw=30cm O Qg=40 (cm¥s)
N r O Qg=80 (cms)
=
! i A Qg=120 (cm¥/s)
100+
50
i L 7 -
0 10 20 30
z(cm)

Fig. 5. Relation between the crosssectional mean
value of ¥2 and axial distance z.

% 80 ]
& D=20cm
.:; I Hw=30cm
[(S
~ 60
i)
a L
LY
< 40 e =1/2(2 477,

20

0 20 80 120 160
QOg(em’/s)
Fig. 6. Relation between kg, ¥2,/2, @./2 and gas
flow rate.
WV/Z:O-SBQgOJZ ............................................. a7

Ik b, EHEEEEFROFLNLD T F v ¥ —0DZEHF
YHEOBC RS X232 L2y s,

107 W



W 108 #% & $8Vol. 81 (1995)No. 2

% 600
| ff o Qg = 80(cm’/s)
3500_ % o
400+ .
0000
300_ yxxtsa
v X
4
200 3 D=20cm
? Hw =30 cm
100 o I?v
.QQ 3 D
0 1 1 I ?°9:3 8 § 8 $ I
0 5 10
r(cm)

Fig. 7. Radial distributions of w? for Q;=80cm®/s.
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Fig.10. Comparison of the kinetic energy of mean
flow with that of turbulence motion.
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Fig.17. Change in V. and Tu, with bath diameter.
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