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Pulsating Flow

Shigeji TANIGUCHI, Munekazu OBMI, and Mitsuya Y AMADA

Synopsis:

In order to examine the effect of pulsating flow on the reduction kinetics, a single iron oxide pellet was re—
duced with hydrogen under pulsating flow in the temperature range of 500 °C~1 100 °C and in the frequency

range of 3-3~43-3 Hz.
valve, rotary cock, and piston.

Three kinds of apparatus were employed to generate pulsating flow i.e. butterfly

The rate of reduction was markedly accelerated by pulsating flow under the condition of a small flow

rate of hydrogen.

After analysing the experimental results by the shrinking core model, it was found that the mass transfer
coefficient in the gas film under pulsating flow was increased compared with that under steady flow.

The effect of pulsating flow on kinetic parameter such as mass transfer coefficient, intraparticle diffusivity
and chemical reaction rate constant was also discussed.
(Received April 2, 1973)
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Table 1. Chemical compositions of iron oxide pellets.

Element | T.Fe { Si0, ALO, | CaO MgO Mn P s FeO
Wt (%) 6542 | 412 0-77 0-60 0-74 0-06 0-013 0-012 2-18
Table 2. Experimental conditions under pulsating flow.
Apparatus | Fre(c%_llxze)ncy Tem(}gg)ature lz 11\?17 nx::): Diamctzz;r;)§ pellets
Butterfly valve ‘ 3-3~.43-3 500~800 1 145
Rotary cock 1:7,3'3,33°3 600, 800 1,5 1-2
Piston 5, 10 600~1 100 1 10
‘ kgl Screen RENROFEAIEE & U T, KIGE THIT I\ T, s
Spring ’ FrEERELHE, 1y kAR5 HES IV
Light ——(——— LI S6_. AN EEBE €5 HED S WRELRA L. 50RO
Indicator d DIREFELE BB AL EE — & — TERE L, 2~43'3 Hz
T.C FCTHEREORBEEABL LN TELL 5T LTHS.
Gos intet C::fy( SRS ENIIC I T EORBIRBITA & LT o0
Pressure tap T ERET Ao, FIGE LS E TEHiCsRT =20 /F
NREFLC Y — O BIENEMRBR A EE LT, EHikTE
Mo-wire FEWMA 057 LSk L. S5 InAv oS
Reaction tube ——— ST T PRI RE—FRFBWVWTCEA Le—4
2 BAR, EAARC I B E O b LB U Thn s
' ' X5 Ui WREIKDEE D EBREME Table 2 i05R
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o Gas outlet mmAq T, EHKBICEVEKE LTWw5. Fig. 3 ik
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Fig. 1. Experimental apparatus.
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Fig. 2. Pressure wave patterns of pulsating flow caused (a) by piston,

valve and (c) by rotary cock.
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Fig. 3. Distribution of pulsating pressure caused
by piston in the reaction tube.
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Fig. 4. Fffect of pulsating flow caused by
butterfly valve on reduction.
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Fig. 5. Frequency dependence of the effect
of pulsating flow caused by butterfly
valve on reduction.
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Fig. 6. Effect of pulsating flow caused by
piston on reduction.
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Fig. 7. Comparison of reduction curves under
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Table 3. Sherwood numbers by eq.®

Hz !
33 | 5 10 | 433

°c e
30 | 33 | 44 | 86
oo 2.8 | 31 40 | 79
o 27 | 30 | 38 | 72
oo 26 | 29 | 35 | 67
oo 26 | 28 | 34 | 63

Flow rate=1 NI//min a=5'5ecm
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EMEMT ZDEmME £ O Ty 5. B TRV ERR
BT DIRED & EiT BRNKO BEE k& FZ,

Fig. 16 RT3 &y OEZEANRD HEEEALTVS.
ERERVER> LTFREING DO LFEOHE@METR LA
DVE, IRED LR & & T BAXRTD ZE O K ARSI
WEBDDX D KREL L BDRILT EREBIOZIRIT
Bl e BEME R Licicd & Bbh 5. ERkukEd:
RAEBOTEAA (3:3~43'3Hz) TRA LI, D7,
AEERIC I BIRTIMOBE I LT, HidbPOoR

Shp = [(2 +0°55Re ,1/28¢1/3)3

. waf 27waf N2 3w /2B
S TR e

u

BRI THDDELTEHELTHS L Table 3 X5
WwishH. LieddoT, A 10 fhicRLTHhe ~
—vy FEIT XS A>T 25 EREL» HKRLK
V. RITTHIMIC S 2 A BER S LIS KB T EN L
FE2Th, BRBEEEKE®ER ST VE Bbhd. &7,
(DRXNFIC(DR X vkd i by DIED LA Fig. 16
WRT. ThitX s & o0& BT siREkohEIR
ERWICHIT D 5NI/min OFHRITENSDTHS. L
AULWRE DRECRTERE LT —F L. Zhix
Lo X SRR HMOEELE L LNS.

6. %%

BR(E&R R Ly PE—FROKFEETRIGIK, ENFH D
W3y JREERIES A KL ER 2 EE)
XEHHEO IEEOFEL X HREKEZFIE LTER
RIS OBRROMAESG /<.

(1) SBEEORBIRLEET OVWT, WTFhoFE
biETTRS & (RET SR EED

(2) MREGEOHR O BRI, FERTEEN
(3-3~43-3 Hz) CREBDLHL» Dk

(3) RENKWIEIBOETHIGT I WTH A EERND

T

HMBInaRE P RETS.
(4) IREREBFATEHGA TR % (R X & 5 WREMED
H5.
FbVCERAREZBTT D H>T, REREREL
TWREE L BRSNS R LIEL Bl
LEFEd. KBl h LiclHB T, i
EERSIUCRBEBCEMoE2ET 5.

E =1
a : JREHDIRIF
C,C* :@BILH AD /SN2 I X OFEHinE

(mol H,/cm3)

D : KB-IKEKTROIEEREL  (cm?/sec)

Dy : FryhELfRE  (cm?/sec)

do: RV y FDRPTENEE (mol Fe,O5/cmd)
dp: vy FOER (cm)

Fg@m® (-)

S IREVABE  (Hz), @CcROBE (—-)

K - e (-)

ke  ALERIGEEER  (cm/sec)

kp: H ZIEBERWESERE  (cm/sec)

R Gk EH  (cal/°K mol)

Rep : FrF L4 2 v 8 (=)

To: Ly POEEFE (cm)

Se: 232 o M ()
Shp : [RENFEDHED Y + — v » FE (—)

T feHRE  (°K)

£ RITREM (sec)

u 2 N ZAORISERTEFEEE  (cm/sec)
pu, P IKFROHEGRE  (g/ (cm-sec))
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[(EM) RART¥EH MERM

Ry FOBUHRLEDL ST LTS,

ERoRE:)

&S .

(E#) :
ZHOXV o D FRL BRECIEVWIOR BOCHL
T, TOERHE2THE LA, BE 10mm Db DXk
WERRELELDBLEVWDT, /54 v F—-TCTHER

LU, E2E57-dT 1100°C kKT 3 KRB
#®, ERICAVW. BxtiBoBRMEITOVWTE, [B—
SHETHEIEREFT AV, IBIE5% DNOBET—3 5
LT EERFEIDIRL.
EE (mm) | % (mm) | E& (g)
10 9~11 1:95~2:05
12 11~13 3-10~3-30
15 14~16 5-10~550

(ER) FAKEN EEILZE

# AR | N/min TEREZTEV ks CIREIOZHFE
NAKELEPNAIEURZ2LEOTWEE, EFOEERNT
ey AmERb2LEVWEEILND S, oW
T DS VIR T D,

(@Z)

WREImE TEMICRBT T2 BT T 5400, £
ORTHGEEESTEE»ABT TS5 E2EMELTY
L. EREBNIESIAFAFERERAEROBEEL DD
KELKDLOPEBLEZLNDMN, HAORARHIEIX
BFLDEL AL, ELECERRE.2 L dh kb
e RS, .

(Em) Rk

TR SMBITER k B—EE VS HE TR T
L. ke WRETIRBIKOSHEZHRIT T 55, RIGEEIT
EVE 37 ERR (dp:/, TI®E,) 5 k 2KRDEH
EIXE X v de.

q2E=))

kB2 5RBHEOEBC>DVWTHDRATILERD
L, BERERFES2TWERY. BTOETEE DT
REISREERFHRBITA2 TV L O TILATIREIZ K
BT RBHICELLND. RKBIZXVEESND
HZBITOWVWTDIERTOILERD LB, B—~Vvy b
DERERIGBRED L LERTELLEDNLS. O
IS5, REEBEGIVENHTETTS2FERERTD
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