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Heat Transfer Coefficient between Wall and Particles Bed

in Rotating Cylinder

Hiroshi MoORITOMI, Shigekatu MORI, Mikio SAKAGUCHI,

Kazuo ARAKI, and Akira MoRivamMa

Synopsis:

The heat transfer coefficient between a rotating cylinder wall and the spherical particles bed contacting
with it was experimentally and theoretically studied. Two experiments were done: one in the steady con-
dition with a constant feed of solid particles and the other in the transient condition with initially charged

burdens.

In the both experiments the steel cylinder assumed to be a rotating kiln was externally heated
by means of Kanthal wire, which had been wound on the cylinder wall.

The temperature was 2mited to

a lower range in which radiation could be neglected. Wall, particles bed and free board temperafures were
continuously measured by means of CA—thermocouples. Steel, glass, copper and alumina balls, 0.03 cm to

0.4 cm in size, were used as the solid burden.

Heat transfer coefficients between the wall and the particle bed which have been estimated in analyzing
the measured temperatures can be explained by the thermal penetration model.
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1. Brushing part. 7. Recorder.

2. Buffle against gas flow. 8. Power source.
3. To Recorder. 9. Moter.

4. Hopper. 10. Details of carbon-brush.

5. Vibrating feeder. 11. Acryl resin ring.(front view)

6. Compresse:. 12. Acryl resin ring.(side view)
Fig. 1(a) Apparatus of the continuous flow ex-

periment.

(b) Details of brushes.

(c¢) Thermocouples arrangement measuring
temperatures of particles bed and free
gas board.
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1. CA sheathed thermocouple.
2.Hole to introduce particlés.
3.Plate sustaining asbestos wool.
4.Brushing part.

5. Alumina cement.

6.Asbestos wool.

7.Steel cylinder.

Fig. 2. Apparatus of the batch experiment.
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Table 1. Experimental conditions.
Bed Continudus Batch
Gas Gas-flowing Not-gas-flowing
Glass (0.08,0.2,0.4)
Particle (cmg) Steel (0.03, 0.1) Steel (0.1, 0.3) Steel (0.3)

Almina (0.4)
Copper (0.2,0.3)

Air flow rate(cms3/ sec) 2 500 0 —
Rotational speed (rpm) 3.60~7.80 3.72~7.98 4.20~10.0
Solid flow rate(g/ sec) 4.70~16.0 3.90~8.20
Solid holding hy=1.2~4.3(cm) hy=1.0~4.4(cm) 500~2000 (g)
Temp.range (°C) 56~172 100~223 139~153
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Fig. 3. Temperature profiles with the continuous
flow experiment. (Steel ball,d=0.1cm ¢,
N=3.66rpm, §=1.99)

OFIRBFE D& F OFF S 3 X CRLTFE OIRIE M EH EIT
E LA TR ZZT L, &R F2Kiici%A LTk
BEFZHETS Z L0 X D BESORTIRED, 4R
FROVFHRETIZEE LN E 2R L.

Hitk X OCESROEREMHE Table 1 220
TRT.

3. R B & B

3.1 EGERXEERR

FEN LB E S o #AHZ Fig. 3 wiRd. XTh
FELRMEE T TREOLAIX, Thrh, FEHINT
2HBLU 3 BTOEREOEHEELERDLL T W5.
(1) RCESLIERRTRIVE T, 2OX5BFY
k28, TR T5IRD, bk L7z @Ehn 2 SoE
PR EZBHBHI/NI W L 2RRE LTWD. B
DFHEREEL UTEN 2 SoORBIEOREEIRE L 5

3

D5 B THRFE - [SIRBEREGEE S EE - T ERoLh
CHANTHS/NIWT — 2% 7120 238 A TREBIRE b s
OFHICEA TS 2w Lic. FFfE - SrARIRBGEEE
REELETNELR SR WT — 22 oW TS %o
W ithb.

Fig. 3 Cix—Mic, fWFHEHsES < wohT, v
DA LR LT, RFEER X OCSHERES fdME T3
LIEMPBBbI, EEOWASIRBEDOhD M, Th
VA 2 ORHRTERS) R s EHIE T & W EME R
NET 5 DT, AR Z BT O R» LRI L. X
DEHT R K OERAEIC BT 5 FHEREZ FiR{LL
72 DTH5.

ST hEM Lc X 5k F/E - SABRHEEGETE HFERHY
CERTELZLHETT(1)RT(6)RES.

WicpsdTs/dz=hysSus(Taw—Ts) errererreseaees (6)

Fig. 3 pffiftic &5 %, #adic (6)RokEW, F7oM

MG DERER EIBEEORE LY, ERERZ2 S

* WTFE - SEEERERREALIZ(6) A b RE D by 2HALT
BB - K TERGERE v, 2RO, ZOHHERME (6) XED
DERIHEE OEGBZEOEERE2EXBCD . > TRDI2. TOHE
HIRED 25% UTO7F— & 2RAIL.




1494 $% & W 64 &£ (1978) %102

Table 2. Experimental conditions and heat transfer coefficient between

wall and particles bed.

Continuously flowing beds

d W, N ] t, Ry s X 103
(cm) (g /sec) (rpm) (rad) (sec) (cal/cm?- sec: °C)
Steel 0.1 10.5 7.80 1.17 1.43 6.45
& 11.0 7.80 1.40 1.17 5.74
S 6.7 5.40 1.24 2.20 4.93
o 5.0 3.66 1.34 3.49 4.39
= 5.8 3.66 1.75 4.57 4.47
8 6.4 3.66 1.99 5.18 3.61
© Steel 0.03 9.1 7.80 1.31 1.60 6.91
12.9 7.80 1.77 2.17 5.31
14.9 7.80 2.24 2.74 4.6l
6.3 3.60 1.86 4.93 5.06
Steel 0.3 4.9 7.96 1.08 1.29 5.75
o 5.3 6.48 1.17 1.72 6.08
g 6.1 5.52 1.34 2.31 7.00
z 6.1 4.56 1.75 3.67 6.07
< 3.9 3.72 1.43 3.66 6.38
@ 5.8 3.72 1.82 4.68 5.33
S 5.9 3.72 1.86 4.78 7.77
B Steel 0.1 7.5 5.40 1.44 2.54 5.54
z 4.6 4.32 1.31 2.89 10.9
8.2 4.32 1.60 3.53 6.20
Batch experiments
d M, N 0 t, hysx 108
(cm) (g) (rpm) (rad) (sec) (cal/ cm2. sec-°C)
Glass 0.4 500 5.40 1.14 2.01 4.48
700 5.40 1.31 2.32 3.89
1 000 5.40 1.45 2.56 2.97
0.2 500 10.0 1.15 1.10 6.65
500 8.00 1.15 1.37 5.05
500 6.50 1.15 1.69 6.34
500 5.40 1.15 2.04 5.98
750 5.40 1.31 2.32 4.55
1 000 5.40 1.47 2.60 2.88
500 4,20 1.15 2.62 4.84
0.08 500 9.10 1.15 1.21 6.98
750 5.40 1.33 2.35 6.01
1 000 5.40 1.47 2.60 3.79
Steel 0.3 1 500 9.10 1.12 1.17 6.52
1 500 6.50 1.12 1.64 5.79
1 000 5.40 0.99 1.76 6.18
1 500 5.40 1.12 1.98 5.22
2 000 5.40 1.26 2.22 4.55
Alumina 0.4 500 5.40 1.01 1.79 5.39
750 5.40 1.17 2.07 5.04
Copper 0.2 1000 5.40 1.31 2.32 3.00
1 500 5.40 1.12 1.98 4.39
0.3 : 2000 5.40 1.22 2.16 4.73
1 500 5.40 1.12 1.98 4.42
2000 5.40 1.22 2.16 4.41
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Fig. 4. Relation between WycysdTs/dz and Sy
(Ty—T;) in the continuous flow expe-

riment.
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Fig. 5. Comparisons of WydTs/dz between cal-
culations and observations in the continu-
ous flow experiment.
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Fig. 6. Temperature change with time elapsed in
the batch experiment. Maximum and mi-
nimum points, respectively, correspond to
the free gas board and the particles bed
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Fig. 8. Circuration pattern in the rotating
cylinder.
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Table 3. System physical properties.

ks Cps Os kS e

cal/cm- sec-°C cal/g-°C g/cm?3 cal/cm- sec-°C —

' Steel 1.05x 101 1.17x10-1 7o 2.55% 10-3 0.3
Copper 9.14x10-1 9.20x10-2 8.75 3.40% 103 0.3
Glass 2.30x10-3 2.09x10-1 2.49 7.50x10-4 0.3
Alumina 1.65x10~3 2.10x10-1 3.57 5.91x10-4 0.3
Air kr=7.75%10-5 — — — —
Potato starch — cpsps=0.304 2.47 xX10-4 —

s Ei, T FRT-D hys 13K 7 RAEROZHITE W
Exdo0T, LLEHEHEEZTRI V. D EOFEIT
R Lol IO kb offin Table 3 1% LT
N
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IEEAEVEER kD 2 U CEHE L hes OBERIEA
M X <BEELTVS.
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ELEMTOBNTR(4) BFLIC(6)RiTEKDE, i
KERD D hus BPRE Ulc. AREROHF TRDIC hus 13
2-88x10-3~1.09%x 10-2cal/cm?- sec-°C THh 5.

(3) KTRBEHBMZER LR, BOREED
&2 #EA U CREE LIEE B EBE 7Vic D < f#T
725> s OEIRIEH R (16) 2 3 L7,

(4) hos OFEREVE, EEE EOZAR . OFFH
RCHHAIT B ENEZR L, TREOFNEMZEE £
BLOSHHOBMZEE by ZThth, K7FEORELE
{ZIEE kerr & B0 LTRD I hys OBEGRFHEEICE W
[E2TY & ptbror.

R =

Awg’ Aws . E&ﬁ*ﬁﬁa > EE*E?‘)%FEE{%EEE% (sz)

CpgsCps * H A, PLFHE  (cal/g-°C)

d:fFE (cm)

hyss hwogs hus © SAR-HUTTE, BE-SiAE, BE- R FREME
iRk (cal/cm?- sec-°C)

hohy : Wi TFETE, WMTFAORS (cm)

kisks: #7 A, YT OBAREE (cal/cm- sec-°C)

keps s HHHEMZEE (cal/cm- sec-°C)

kS RIBBHEYRZEE (cal/cm- sec-°C)

L :{FE (cm)

Al B H AT 350 5 B2 2 B F- oo A %h v L R BE
(cm)

[ BN TFOREIET»HEHES (cm)

L REREOEHE S (cm)

My, M;: 5=, HTOHE (8)

N : [@EEE (rps, rpm)

g : BJEE (cal/cm?- sec)

r SNBSS OEEE (cm)

Sgs Swgs Sws : [ -KTJE, BE-LAB, BE-BT-FERdH
FRBAESIDDOEMER (cm2/cm)

¢ ERR (sec)

te s BT HEARERRT (sec)

Tga To Tw: &, MFE, EORE (OC)

V:xEE (%)

Ws: RFHEERE (g sec)

z HlERA NS OERE (cm)

a @ BPRER K (cm?/ sec)

B=4l/d : BEJEITH T D Efkrh.L R EE B o BRI
T35k (—)

r=0/d: BFERTENHEI ORI T 5 (—)

e tFRBoOEHEE (—)

0 : TiEA (rad)

os: WFHE (g/cm?)

¢ =Ul/d: REEERFGESOREICHT 5L (—)
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