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Experimental Study of Mass Transfer from a Sphere in Pulsating Flow

Munckazu Onmi, Tateo Usul,

Yoshiro MATSUMOTO, and Yoshikazu MAsUuYAMA

Synopsis:

Mass transfer from a naphthalene sphere in a circular tube under steady and pulsating air flow at room
temperature is investigated by measuring the loss in weight or the decrease in dimension of the body after
a given time. Because of small mass—transfer rate, there is little difference between the results with and
without the resistance due to the rate of gas flow. Under the pulsating flow, however, the resistance is
taken into consideration, because air and C;oHg gas may be mixed enough. Comparison of these results
with theoretical ones reported previously gives the following experimental expression:

'Sh=24[(0.58)4+ (0.3820-4) 4]1/4Sc1/3Re 12,
where Sh=2r4ks/D, z=(aw/Ucx)3/2(a/ro)"?, Sc=v/D, Rep=2rUcs/v
(a, amplitude; D, diffusivity; £y, mass—transfer coefficient; 7o, radius; U, free stream velocity;

v, kinematic viscosity; w, angular frequency).

As z=0, this expression agrees with the experimental one for steady flow mass—transfer.
The experimental results of half sphere and local mass-transfer show that the acceleration effect of pul-
sating flow on the mass transfer is remarkable in the dead-water region of the sphere, where the mass trans—-

fer is small under steady flow.
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Fig. 1. The apparatus for mass-transfer meas-
urements. Flow measurements were done
at the stations No. 1~7; dimensions in

mm.
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Fig. 2. The apparatus for pressure measurements
on the sphere, settled at the measuring
station No. 4.
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Fig. 3. Schematic view of the front half mass-
transfer sphere settled at the station No.
5.
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Fig. 4. Cross-sectional distribution of steady flow
velocity ug at 20°C. Steel ball of 7=
0.715cm is settled at the measuring station
No. 4 in the pipe of R=2.7cm.

, Farciz and MARTIN® (at the station

No. 4).
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Fig. 5. Cross-sectional distribution of pulsating
flow velocity up at f=2.1 Hz, A=5.1
cm, Re=125, Rey=65, and 26°C.
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Fig. 6. Cross-sectional distribution of oscillating
axial velocity u,s. Subscript 1 denotes the
quantities concerned with the fundamen-
tal frequency. Experimental conditions
are the same as in Fig. 5.

, calculated curves®.
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Fig. 7. Axial distributions of oscillating pressures
bos and oscillating velocities along the cen-
treline of the pipe uy,s. Experimental con-
ditions as in Fig. 5.
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Fig. 8. Oscillating pressure distribution around

the sphere. Experimental conditions as
in Fig. 5.
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Fig. 9. Concentration distribution profile on the
naphthalene sphere.

BLBHZ LTS, BIRD OB T, BERSI
BVWCEHROIRBIRIES a & LTuwicgd, TEhEE O
Wi B2y Anos Fig. 6 WRT X SR CATHS T & H
5, WA Z P IEEMELE E 2T &, T2 TRED
XOWaREELTD, REBEOIHINESR &5 i
Hik, MEHLERTIZER U TS EEZONS. Ik
¥ f=6.4 Hz, 4=8.0cm, V=101/ min TIROEZ
2ry=1.43, 2.4cm DL B DT DONT LB E TR0,
FROFBEREZH/B TV 5. ’
3.2 MEBBHOAERR
3-2.1 FHfEDOE
2 SR N AR E VX
np=47r3ks(Co—Cp) srrerrmrremmrmmsiiinninninnnn (1)
LEDLINDR, n=ny 2FIKECTHIE, Fig. 9 TR
TX 5w, REEEOF 7 29 ViREE C, 13—
Co=Cs+3kn/(50V)  (0<h=<1) wvvevvovene (2)
DEST Cp LOFEL DD EELOND. T Tk
=1 BZIEPIOE R EF VER LEE, £=03
L ZE LLWEET, B r IHEOHDELZIRS C
LLTHEINDD. BREDOTLWEEIRICIAWZERN TWE
BEED T bTrTHINUE, NTEEEE T2 0E
WiewdoLBbhvs s, REROX S BB ES
THDO 0. EERNTIHEEE T 4 2552 K L
TWC, HREBORZ-F7 42 Y YRADOEREIX/NI W
b EBbNEL, REIL TR h DIREGMTb
NTWsd0EEbNS. £Z2Te=02¢ r=1 02
KOTF— 2 &BE LT, HE®KRE LA
ST(D), (2)RX VRFEEWEBIEEX >EDX S
Ziebd.
n=4nrik¥(Co—Cp) +orrrervrrmrrvnininenenene (3)
22T, [EREHRDOF 7 2 ) iBEIERE (C=0) Th
D, kF BN TEbIhB.
E¥={1/k;4+6mrr}/(25V )} ~1eveeienineninninn (4)
Tisbb, BELLOBEIE X v ORI SHE AW/



IREIFERICE T B E—ke 5 oWEABEICHET 5 ZBRHTTE 1109

At(g/s) HLERIN L REWEBBRE F b5
LRBOBEL VES h R BATEREY D ORGEE
poydr/ At [g/ (cm2-5)1 2 BEH SN D RFIEBLE)
RE K%y VX, —IRCICIREL 6773/ (25V) ZHHEE
HLLOTHDEELLNS. £TT, KK

1 4w PCioms 47
*__ * . £v1088 = ....(5
7T 4xriCo At ° k7o C, 4t (5)

TEH U7 fEZ (4) R XA LT ky, kre 23RO
HULENRD LS. RIERoOGECE, R
| 74
Y= dence At T
L, F72(4)=x
k?j={1/kfj+37ucr?,/(25V)}"‘ ............... (42)
L HDT, (Ga)yRick DEH L k) [B% (42) RiC
RA LT kyj OEZRDS.
3-2.2 AROHEHORIEEWALEH
FEERETE, Ao WiiEs &% Table 1 Rd. 72
72 L, FEERENEORMEL XD, RIER LITTRTO
SEOHA DB T OWTER LTI WV, 7o& X,
HINERNIC K X 3Rk E 05 LICER, BRI TR
DORETHEIORK &, ELhs4 U T, IREM+5ERC =
bLBEVWOTRILTHS. BR-F7 %) RO
FEOIAEAINTWERI L, FREHICKT 57
T2 ViR Cy W7 XY v OEMEKED S LERE
LTWh. & RBhksEE v i, +7 29 VIREBME
WZ e BERITHT A EE Hvi.
(1) EERNOBE
Fig. 10 1z, @ ¥mhic 83 52 MESFOERERL,
Us=un & UizH& & FARGIE BYDRRITICE D WTE
BB LR OWT, (Sh—2) 3t (SMPRep/?) TT
oy hUTHR L. BTCd7/cEi 09, WEBHR
¥ kr OERTIG  Sh=2réks/D W I—RHT
Sh=2+B-S(:“3Rep‘/2-~-~-~---'--(6)

Table 1. Experimental conditions and physical

properties.
R (cm) 2.7 6.48
f (Hz) 0.0714~20 0.313~8.0
A4 (cm) 0.15~6.2 0.98~7.0
V (I/ min) 1.4~86 10.8~102
ry (cm) 0.41~1.25 0.43~1.92
Re (—) 35~2 200 110~1 100
Re, (—) 12.5~1 420 16.9~483
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where T, temperature (°K); pg, atmospheric pressure (mmHg);
R, gas constant [cm? -mmHg/(mol-K)]
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Fig. 10. Overall mass transfer under steady flow.
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Fig. 15. Local mass-transfer distribution around
the sphere in steady flow.
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Fig. 16. Local mass-transfer distribution around
the sphere in pulsating flow.
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Re: kD v 7 LA =2Run/v (—)

Rep: SRIHED VA 7 AR =20Ue/v (—)

r o BIRICIR T S REH MERE (cm)

ro : BREE (cm)

Sc:va23v ¥ =v/D ()
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