Minimum Fluidization Velocity for Vibrated Fluidized Bed
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ABSTRACT

This research aims to develop the mathematical model for predicting the
minimum fluidization velocity for vibrated fluidized bed. The research has employed the Two
Fluid Flow Model and used results from experiments to verify this developed mathematical
model. The parameters studied in the experiments were vibration intensity and particle diameter.
In case of vibration intensity, the bed was being vibrated in the vertical direction parallel with the
earth gravity. The vibrating frequencies tested were 35 Hz 40 Hz and 45 Hz. The particles used in
the experiments were glass beads 2 mm. diameters of 2570 kg/m3 density and 3 mm. diameters of
2600 kg/rn3 density, respectively. According to the experiments, it was found that firstly as the
vibration intensity increased, minimum fluidization velocity, bed pressure drop and void fraction
decreased. Besides, experimental results have shown that the vibrating frequency of superficial
gas velocity and the vibrating frequency of bed pressure drop had the same frequency as had been
assumed by the hypothesis set up for this research. Finally, the minimum fluidization velocity
calculated analytically corresponded with those measured from experiments. Therefore, it can be
concluded that the developed mathematical model can be used to analyze the effect of vibrating

fluidized bed system.
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3.1 Averages and Averaging Theorem

3.1.1 Local Volume Average

23

gumsminuluszauumima (Macroscopic governing equations) 13U
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a I J a o
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3.1.2 Volume Averaging Theorems
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3.2.1  aumMsIMIUAN (Governing Equations)
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- FUNIANUABLIIBY (Continuity Equation)

2 p+V-(pt)=0 3.7

- AT T UAY (Momentum Equation)

0 _ . .
apu+v-(puu):V-E+pg (3.8)
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W p A ANUAUADS (Static pressure)
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unumanms (3.11) asluaums (3.7) uaz dums (3.8) ud19mgui) volume

averaging wldaums (3.12) (3.13) (3.14) uag (3.15) MUAIAU Ao
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£(p, ){%{uf (t)T)} =&V <E> ~&(p,)d -F, - &(p, >{§<ub(t)i>} (3.18)
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1. Blower 5. Vibro-motor 9. Scale
2. Valve 6. Vibration base 10. Bed Column
3. Orificeplate 7. Inverter 11. Pressure sensor
4. Accelerometer sensor 8. Web camera 12. Data Acquisition System
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s Yo 1 a 4 A [ o
Q‘ﬂﬂim‘ﬂﬂl‘]f’lﬂﬂ”lﬂ’ﬂllq\i"ll’t’)\?‘i/\lg’e)ﬂllﬂ“]ﬂﬂﬂ NIDNITVYIYAIVDIUUAUVUSN

a 4 ) A F2 9 v a & a qa: [ a
ﬂ”li“l/lﬂa’t’)\i‘i/\lg@ﬂ]lﬂ“]ﬂﬂﬂu‘ﬂﬂﬁuﬁ'gl‘ﬂﬁ]u Usgnovunie ’dl,ﬂﬁ"l,llll35%ﬂ@]ﬂ“ﬁﬂ@ﬂ@ﬂﬂﬂ7\lg@ﬂ

4 (Y { an

"lﬂ“lm_lﬂﬂﬂg‘ﬂﬁ 4.7 1azndednInea (Web camera:OKER, Resolution:2.0 M pixles up to 8.0M

v k2 v
pixles by software; 60 fps;Info noise rate 48 dB.) Naadanulgdaladiua daaaslugii 4.8



38

1 4.7 ina lussiia

P a cf/l k) an
gﬂ‘ﬂ 4.8 NMIAANINADIAINDA

4.2.5 yagilnsalduazifou (Vibration Base)
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4.2.6 Ngeﬂ"lﬂmmﬂﬂaauu (Fluidized Bed Column)
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4.2.7 MSTUNNNANISNAGDS (Data Acquisitions System)

HanMINAaeIIlszneudie manuauneluwe smsdudziiouvely
da ladfiua gniiuiindiuneuiiames Iaoly USB DAQ 6008 National Instrument (8 analog
inputs (12-bit, 10 kS/s; 2 analog outputs (12-bit, 150 S/s); 12 digital I/O; 32-bit counter) @Tﬁg 17

4.14 39100 T1J5uN3) LabView: Signal Express 3.0 (317 4.15)
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51/ 4.16 imeyMANRD (Glass beads)
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msnaaesvlgdalamFumuuduazinou

1. nsfiveteyMAvIAIdUATUAUINA1N 2 Wy, Msdudzifioudl 35 Hz 520z

Y

@ 4 oA a o
msiSuvemasitesguiNe = 50% wouNARAVRINMTAUAZINOU 0.10 WY, ANWTUNS

duaziiiou 0.5g

auEiometleu u, | AuTUAARTENILA AP ANNTIUA L | AAAIUWRIIN ¢

(m/s) (kPa) (m)

0.00 0.00 0.061 0.188
0.14 0.13 0.061 0.188
0.16 0.24 0.061 0.188
0.18 0.32 0.061 0.188
0.23 0.44 0.0615 0.194
0.30 0.60 0.062 0.201
0.38 0.77 0.063 0.214
0.40 0.84 0.0635 0.220
0.42 0.88 0.064 0.226
0.46 1.00 0.065 0.238
0.50 1.10 0.066 0.249
0.54 1.19 0.0675 0.266
0.57 1.24 0.0685 0.277
0.61 1.22 0.0715 0.307
0.65 1.20 0.074 0.331
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[} -4 o {
2. ﬂiﬁﬂl@ﬂ@%ﬂWﬂﬂluWﬂLﬁjuw1uﬂuﬂﬂﬁ1\1 2 U, miﬁuﬁmﬁauﬁ 40 Hz 5282
@ g s a o
mslSunemesitesguii e = 50% uouwagAveIMIAUAZIfion 0.13 UN. AWTNMS

quaziiou 0.9¢

avmisiemetleu u, | ANuduAAATENIIAAP | ANNEIUA L 1A IUYDIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0595 0.167
0.15 0.18 0.0595 0.167
0.17 0.26 0.060 0.174
0.21 0.35 0.061 0.188
0.26 0.46 0.062 0.201
0.32 0.59 0.0625 0.207
0.38 0.75 0.063 0.214
0.43 0.90 0.0645 0.232
0.46 0.99 0.0645 0.232
0.49 1.08 0.0645 0.232
0.52 1.19 0.0655 0.244
0.55 1.24 0.066 0.249
0.59 1.26 0.067 0.261
0.65 1.23 0.068 0.271
0.69 1.22 0.07 0.292
0.73 1.22 0.0735 0.326
0.76 1.21 0.0745 0.335
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] J ) {
3. ﬂiﬁﬂl@ﬂ@HﬂWﬂﬂIUWQLi?f’uWWuﬂufJﬂaW\‘l 2 U, miﬁuﬁzzﬁauﬁ 45 Hz 5282
[ g s a o
mslSunemesitesguin e = 50% ueunAgAvEIMIAUAZIfioN 0.15 UN. AWTNMS

quaziiou 1.2¢

avmiSimetleu u, | ANuduAAATENIIAAP | ANNEIUA L 1A IUYDIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0590 0.160
0.15 0.18 0.0595 0.167
0.18 0.28 0.0595 0.167
0.22 0.39 0.0605 0.181
0.30 0.58 0.0615 0.194
0.35 0.69 0.0620 0.201
0.41 0.86 0.0625 0.207
0.47 1.07 0.0625 0.207
0.53 1.20 0.0635 0.220
0.58 1.25 0.0670 0.261
0.63 1.23 0.0665 0.255
0.69 1.21 0.0675 0.266
0.72 1.20 0.071 0.302
0.75 1.19 0.0735 0.326




72

1 4 o {
4. ﬂiﬁﬂl@ﬂ@%ﬂWﬂﬂluWﬂLﬁs{uWTl!f‘foJﬂﬁN 2 . miﬁuﬁmﬁauﬁ 35 Hz 5%82
[ g s a )
mslSunemesitesguin e = 70% uounagAveIMIAUTZIfioN 0.16 UN. AWM

quaziiou 0.8g

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L TAAIUABIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0605 0.181
0.15 0.19 0.0605 0.181
0.19 0.29 0.0610 0.188
0.23 0.39 0.0615 0.194
0.27 0.47 0.0620 0.201
0.31 0.56 0.0625 0.207
0.38 0.72 0.0640 0.226
0.44 0.89 0.0650 0.238
0.48 0.99 0.0655 0.244
0.50 1.07 0.0665 0.255
0.53 1.15 0.0670 0.261
0.57 1.22 0.0670 0.261
0.64 1.22 0.0710 0.302
0.66 1.22 0.0720 0.312
0.68 1.21 0.0730 0.321
0.72 1.20 0.0740 0.331
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] 4 ) {
5. ﬂiﬁﬂl@ﬂ@uﬂWﬂﬂIUWHﬁ’uW1uﬂu5ﬂa1\‘l 2 U, miﬁuﬁzzﬁauﬁ 40 Hz 5282

[ J g s a o
ﬂ15ﬂiﬂﬂ@iﬁﬂﬁ!§@ﬁﬂuﬂﬁe = 70% !L’f)llWﬁ‘gﬂ‘U@\‘]ﬂ1ﬁﬁuﬁ$Lﬁﬂu 0.20 JJil.ﬂ'ﬂlllengjianﬁ

quaziiou 1.3g

o

anuEiometlou u, | ANUUAAATENIUIAAP | ANNEIUA L AAIUYOIIN &

(m/s) (kPa) (m)

0.00 0.00 0.06 0.174
0.15 0.18 0.06 0.174
0.17 0.23 0.0605 0.181
0.20 0.30 0.061 0.188
0.24 0.39 0.0615 0.194
0.26 0.46 0.062 0.201
0.31 0.59 0.0635 0.220
0.36 0.71 0.0645 0.232
0.39 0.79 0.065 0.238
0.43 0.89 0.065 0.238
0.46 0.98 0.066 0.249
0.50 1.12 0.0665 0.255
0.53 1.21 0.0665 0.255
0.58 1.26 0.0665 0.255
0.65 1.23 0.0705 0.297
0.68 1.23 0.071 0.302
0.71 1.22 0.0735 0.326
0.74 1.22 0.0745 0.335
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1 4 o {
6. ﬂiﬁﬂl@ﬂ@%ﬂWﬂﬂluWﬂLﬁs{uWTl!f‘foJﬂﬁN 2 . miﬁuﬁmﬁauﬁ 45 Hz 5282
[ g s a )
mslSunemesitesguin e = 70% uounagAveIMIAUdIfion 0.19 UN. AUANMS

quaziiou 1.9¢

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L TAAIUABIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0605 0.181
0.14 0.17 0.061 0.188
0.17 0.24 0.061 0.188
0.19 0.31 0.0615 0.194
0.24 0.42 0.062 0.201
0.29 0.53 0.0635 0.220
0.35 0.67 0.063 0.214
0.40 0.80 0.064 0.226
0.46 0.96 0.064 0.226
0.48 1.13 0.0635 0.220
0.51 1.19 0.0635 0.220
0.53 1.22 0.0635 0.220
0.57 1.25 0.0655 0.244
0.62 1.23 0.0665 0.255
0.66 1.22 0.0675 0.266
0.71 1.20 0.0725 0.317
0.75 1.20 0.0745 0.335
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] 4 ) {
7. ﬂiﬁﬂl@ﬂ@uﬂWﬂﬂIUWHﬁ’uW1uﬂu5ﬂa1\‘l 2 U, miﬁuﬁzzﬁauﬁ 35 Hz 5¢82

[ J g s a o
ﬂ15ﬂiﬂﬂ@iﬁ@ﬁ!§@ﬁﬂuﬂﬁe = 90% !LlelWﬁ?‘ﬂ‘Uf’J\‘]ﬂ1ﬁﬁuﬁ$Lﬁ@u 0.12 JJil.ﬂ'ﬂlllengjianﬁ

quaziiou 0.6g

o

anuEiometlou u, | ANUUAAATENIUIAAP | ANNEIUA L AAIUYOIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0610 0.201
0.14 0.15 0.0610 0.201
0.16 0.22 0.0615 0.220
0.20 0.31 0.0620 0.232
0.25 0.41 0.0625 0.232
0.32 0.56 0.0635 0.226
0.39 0.71 0.0645 0.238
0.44 0.84 0.0655 0.232
0.50 0.99 0.0665 0.232
0.53 1.15 0.0670 0.238
0.57 1.23 0.0665 0.255
0.62 1.23 0.0670 0.261
0.66 1.22 0.0715 0.277
0.70 1.21 0.0735 0.287
0.73 1.21 0.0745 0.317
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] 4 ) {
8. ﬂiﬁﬂl@ﬂ@uﬂWﬂﬂIUWHﬁ’uW1uﬂu5ﬂa1\‘l 2 U, miﬁuﬁzzﬁauﬁ 40 Hz 5282

[ J g s a o
ﬂ15ﬂiﬂﬂ@iﬁﬂﬁ!§@ﬁﬂuﬂﬁe = 90% !L’f)llWﬁ‘gﬂ‘U@\‘]ﬂ1ﬁﬁuﬁ$Lﬁﬂu 0.24 JJil.ﬂ'ﬂlllengjianﬁ

quaziiou 1.5¢

<
ﬂ’J"IiJLi’JE’J”Iﬂ"Iﬁﬂ?Ju Us

o

ANUAUAAATONIUAAP | ANNGIUA L AAIURBIIN &

(m/s) (kPa) (m)

0.00 0.00 0.06 0.174
0.15 0.19 0.06 0.174
0.18 0.28 0.061 0.188
0.22 0.38 0.0615 0.194
0.27 0.49 0.064 0.226
0.33 0.58 0.065 0.238
0.38 0.72 0.065 0.238
0.44 0.85 0.065 0.238
0.49 1.01 0.066 0.249
0.53 1.16 0.0665 0.255
0.58 1.25 0.0665 0.255
0.60 1.25 0.069 0.282
0.63 1.24 0.0715 0.307
0.66 1.23 0.0725 0.317
0.70 1.22 0.0735 0.326




77

] J ) {
9. ﬂiﬁﬂl@ﬂ@HﬂWﬂﬂIUWQLﬁ,uWWuﬂufJﬂaW\‘l 2 U, miﬁuﬁzzﬁauﬁ 45 Hz 5282
[ g s a o
mslSunemesitesguin e = 90% upuWARAvEIMIAUAZINOU 0.24 WU, ANWITNNS

quaziiou 2.0g

auEiometleu u, | AuTUAARTENILA AP ANNGUIVUA L | dAAIUWRIIN ¢

(m/s) (kPa) (m)

0.00 0.10 0.062 0.201
0.14 0.14 0.062 0.201
0.16 0.22 0.0635 0.220
0.19 0.29 0.0645 0.232
0.24 0.39 0.0645 0.232
0.28 0.51 0.064 0.226
0.34 0.61 0.065 0.238
0.40 0.79 0.0645 0.232
0.45 0.95 0.0645 0.232
0.48 1.18 0.065 0.238
0.53 1.24 0.065 0.238
0.62 1.23 0.0685 0.277
0.66 1.21 0.0695 0.287
0.71 1.20 0.0725 0317
0.75 1.20 0.0735 0.326
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[ 4 o §
10. ﬂﬁfﬁﬂl@\jf)igﬂ'lﬂsllu']ﬂlé}uw'luf‘fuﬂﬂa']\i 3 Uy, ﬂqﬁﬁUﬁglﬁ'ﬂUﬁ 35 Hz
o s & 7 a o
5$ﬂ$ﬂ1ﬁﬂiﬂmﬂlﬁﬂilﬁﬂ\‘]ﬂuﬂﬁ e = 50% !l@ﬂWﬁgﬂm@QﬂWﬁﬁUﬁglﬁ@u 0.13 yu. ﬂﬂmﬁfl}nmi

quaziion 0.7g

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L TAAIUABIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0585 0.163
0.15 0.15 0.058 0.156
0.18 0.21 0.058 0.156
0.24 0.28 0.059 0.170
0.30 0.38 0.059 0.170
0.37 0.46 0.0595 0.177
0.45 0.57 0.06 0.184
0.52 0.68 0.0605 0.191
0.56 0.77 0.061 0.197
0.63 0.91 0.0615 0.204
0.67 1.01 0.0625 0.216
0.71 1.10 0.0635 0.229
0.76 1.15 0.065 0.247
0.81 1.18 0.067 0.269
0.86 1.18 0.0685 0.285
0.91 1.17 0.0715 0.315
0.96 1.16 0.0735 0.334
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11, nsflvesaymAvIaduiuguina1s 3 un. msduaziiioui 40 Hz

o s & 7 a o
5$ﬂ$ﬂ1ﬁﬂiﬂmﬂlﬁﬂilﬁﬂ\1ﬂuﬂﬁ e = 50% !l@jJWﬁgﬂeufJ\iﬂ'ﬁ/ﬁUﬁglﬁ@u 0.14 yy. ﬂﬂmﬁfl}nmi

quaziiou 0.9¢

o

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L AAIUYOIIN &

(m/s) (kPa) (m)

0.00 0.00 0.058 0.156
0.14 0.12 0.058 0.156
0.16 0.15 0.0585 0.163
0.19 0.19 0.0585 0.163
0.24 0.26 0.0585 0.163
0.32 0.36 0.059 0.170
0.39 0.46 0.0595 0.177
0.46 0.56 0.0595 0.177
0.52 0.68 0.061 0.197
0.59 0.82 0.0615 0.204
0.65 1.02 0.0615 0.204
0.71 1.10 0.0625 0.216
0.75 1.15 0.063 0.223
0.79 1.18 0.0645 0.241
0.84 1.19 0.0655 0.252
0.89 1.18 0.067 0.269
0.94 1.17 0.0675 0.275
0.97 1.16 0.0715 0.315
1.00 1.15 0.072 0.320
1.03 1.15 0.074 0.338




12. n3flveteyNIRvIIAFUAIUgUINA1N 3
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VY. MIFuazoun 45 Hz

o s & 7 a o
5$ﬂ$ﬂ1§ﬂﬁﬂmﬂlﬁﬂilﬁﬂ\1ﬂuﬂﬁ e = 50% !l@jJWﬁgﬂeUfJ\iﬂ']ﬁ/ﬁUﬁglﬁ@u 0.16 Uy. ﬂﬂmﬁfl}nmi

quaziiou 1.3g

o

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L AAIUYOIIN &

(m/s) (kPa) (m)

0.00 0.00 0.058 0.156
0.14 0.12 0.0575 0.148
0.18 0.18 0.0585 0.163
0.23 0.25 0.058 0.156
0.29 0.33 0.0595 0.177
0.36 0.43 0.0595 0.177
0.44 0.55 0.06 0.184
0.52 0.69 0.0605 0.191
0.57 0.78 0.061 0.197
0.63 0.93 0.061 0.197
0.67 1.04 0.061 0.197
0.71 1.10 0.0615 0.204
0.75 1.16 0.0625 0.216
0.80 1.19 0.0645 0.241
0.84 1.18 0.065 0.247
0.90 1.16 0.0665 0.264
0.94 1.15 0.0675 0.275
0.98 1.15 0.072 0.320
1.02 1.14 0.074 0.338
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[ 4 o §
13. ﬂﬁﬁﬂl@Q@Hﬂ'lﬂsllu']ﬂlé}uw'luf‘fuﬂﬂa']\i 3 Uy, ﬂ'lﬁa’Llﬁglﬁ'ﬂUﬁ 35 Hz
o s & 7 a o
5$ﬂ$ﬂ1iﬂﬁcﬂmﬂlﬁﬂilﬁﬂ\1ﬂuﬂﬁ e = 70% !l@ﬂWﬁgﬂm@QﬂWﬁﬁUﬁglﬁ@u 0.16 Uy. ﬂ'J’]iJLGlgl}llﬂ']ﬁ

quaziiou 0.8g

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L TAAIUABIIN &

(m/s) (kPa) (m)

0.00 0.00 0.057 0.141
0.15 0.14 0.058 0.156
0.18 0.19 0.0585 0.163
0.24 0.27 0.0585 0.163
0.35 0.42 0.059 0.170
0.44 0.54 0.0595 0.177
0.50 0.63 0.0605 0.191
0.56 0.75 0.061 0.197
0.62 0.87 0.062 0.210
0.66 0.96 0.063 0.223
0.71 1.07 0.0645 0.241
0.75 1.12 0.0655 0.252
0.79 1.16 0.067 0.269
0.83 1.18 0.0675 0.275
0.86 1.18 0.0685 0.285
0.91 1.17 0.0715 0.315
0.95 1.16 0.0735 0.334
0.99 1.16 0.074 0.338
1.02 1.15 0.0745 0.343
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[ 4 o §
14. ﬂﬁﬁﬂl@Q@Hﬂ'lﬂsllu']ﬂlé}uw'luf‘fuﬂﬂa']\i 3 Uy, ﬂ'lﬁa’Llﬁglﬁ'ﬂUﬁ 40 Hz
o s & 7 a o
5$ﬂ$ﬂ1iﬂﬁcﬂmﬂlﬁﬂilﬁﬂ\1ﬂuﬂﬁ e = 70% !l@ﬂWﬁgﬂm@QﬂWﬁﬁUﬁglﬁ@u 0.22 Uyu. ﬂ'J’]iJLGlgl}llﬂ']ﬁ

quaziiou 1.4¢

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L TAAIUABIIN &

(m/s) (kPa) (m)

0.00 0.00 0.058 0.156
0.14 0.12 0.058 0.156
0.17 0.16 0.0585 0.163
0.19 0.20 0.0585 0.163
0.24 0.26 0.059 0.170
0.30 0.35 0.059 0.170
0.37 0.44 0.06 0.184
0.45 0.58 0.061 0.197
0.51 0.68 0.0615 0.204
0.58 0.83 0.062 0.210
0.66 1.06 0.062 0.210
0.71 1.15 0.0625 0.216
0.78 1.19 0.0635 0.229
0.84 1.18 0.0655 0.252
0.91 1.16 0.0695 0.295
0.97 1.15 0.0715 0.315
1.01 1.14 0.0725 0.325
1.07 1.14 0.0735 0.334
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1 4 o §
15. ﬂﬁﬁGU'G_N@Hﬂ'lﬂsllu']ﬂlé}uw’]ungfJﬂa’N 3 yu. ﬂ'ﬁﬁua'glﬁ@u% 45 Hz
o s & 7 a o
5$ﬂ$ﬂ1iﬂﬁﬂmﬂlﬁﬂilﬁﬂ\‘]ﬂuﬂﬁ e = 70% !l@ﬂWﬁgﬂm@QﬂWﬁﬁUﬁglﬁ@u 0.19 yu. ﬂ'J’]iJLGlgl}llﬂ']ﬁ

quaziiou 1.6g

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L TAAIUABIIN &

(m/s) (kPa) (m)

0.00 0.00 0.057 0.141
0.16 0.15 0.057 0.141
0.19 0.20 0.0575 0.148
0.24 0.27 0.0585 0.163
0.30 0.35 0.058 0.156
0.37 0.44 0.0585 0.163
0.44 0.57 0.059 0.170
0.51 0.71 0.059 0.170
0.56 0.89 0.0595 0.177
0.59 1.11 0.0595 0.177
0.65 1.13 0.06 0.184
0.71 1.17 0.0615 0.204
0.76 1.19 0.0635 0.229
0.81 1.18 0.065 0.247
0.87 1.16 0.0685 0.285
0.93 1.15 0.071 0.310
0.98 1.14 0.0725 0.325
1.02 1.14 0.0735 0.334
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16. n3flvesayMAVIIAFUAIUgUING1S 3 un. MIduaziioud 35 Hz

o s & 7 a o
5$ﬂ$ﬂ1ﬁﬂiﬂmﬂlﬁﬂilﬁﬂ\1ﬂuﬂﬁ e = 90% !l@jJWﬁgﬂeufJ\iﬂ'ﬁ/ﬁUﬁglﬁ@u 0.25 Uu. ﬂﬂmﬁfl}nmi

quaziiou 1.2¢

o

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L AAIUYOIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0575 0.148
0.15 0.14 0.0575 0.148
0.19 0.19 0.058 0.156
0.24 0.26 0.058 0.156
0.32 0.35 0.058 0.156
0.38 0.44 0.0585 0.163
0.47 0.57 0.059 0.170
0.54 0.74 0.0615 0.204
0.59 0.82 0.0615 0.204
0.65 0.95 0.062 0.210
0.70 1.11 0.062 0.210
0.73 1.17 0.0635 0.229
0.78 1.20 0.0655 0.252
0.83 1.20 0.0675 0.275
0.88 1.17 0.069 0.290
0.95 1.15 0.072 0.320
1.01 1.15 0.074 0.338
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1 4 o §
17. ﬂ’iiﬁGU’e'N@1§ﬂ1ﬂﬂlmm€§f}uwmﬂuﬂﬂaw 3 yu. ﬂ'ﬁﬁua'glﬁ@u% 40 Hz
o s & 7 a o
5$ﬂ$ﬂ1ﬁﬂiﬂmﬂlﬁﬂilﬁﬂ\‘]ﬂuﬂﬁ e = 90% !l@ﬂWﬁgﬂm@QﬂWﬁﬁUﬁglﬁ@u 0.27 4. ﬂﬂmﬁfl}nmi

quaziiou 1.8g

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L TAAIUABIIN &

(m/s) (kPa) (m)

0.00 0.00 0.057 0.141
0.15 0.14 0.0575 0.148
0.18 0.19 0.058 0.156
0.24 0.27 0.0585 0.163
0.33 0.39 0.059 0.170
0.45 0.56 0.06 0.184
0.51 0.68 0.0605 0.191
0.59 0.87 0.06 0.184
0.64 1.13 0.06 0.184
0.72 1.16 0.0615 0.204
0.77 1.19 0.063 0.223
0.83 1.18 0.066 0.258
0.88 1.17 0.068 0.280
0.93 1.15 0.069 0.290
0.99 1.15 0.0715 0.315
1.02 1.14 0.073 0.329
1.05 1.14 0.074 0.338




18. n3flveIOYNINVIIAFUAIUgUING1N 3
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VY. MIFuazoun 45 Hz

o s & 7 a o
5$ﬂ$ﬂ1ﬁﬂiﬂmﬂlﬁﬂilﬁﬂ\1ﬂuﬂﬁ e = 90% !l@jJWﬁgﬂeufJ\iﬂ'ﬁ/ﬁUﬁglﬁ@u 0.25 Uy. ﬂﬂmﬁfl}nmi

quaziiou 2.1g

[

auEiometlou u, | ANuGUAAATENIIAAP | ANNEIUA L AAIUWBIIN &

(m/s) (kPa) (m)

0.00 0.00 0.058 0.156
0.15 0.15 0.058 0.156
0.19 0.22 0.059 0.170
0.25 0.28 0.059 0.170
0.36 0.43 0.059 0.170
0.44 0.55 0.0595 0.177
0.53 0.70 0.059 0.170
0.59 0.95 0.0595 0.177
0.64 1.15 0.0595 0.177
0.71 1.16 0.0615 0.204
0.78 1.19 0.0635 0.229
0.82 1.18 0.0645 0.241
0.89 1.16 0.0685 0.285
0.95 1.15 0.0715 0.315
1.01 1.14 0.073 0.329
1.06 1.13 0.074 0.338
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anmisimetleu u, | ANuduAAATENIIAAP | ANNEIUA L AAIURBIIN &

(m/s) (kPa) (m)

0.00 0.00 0.0665 0.255
0.14 0.21 0.0665 0.255
0.18 0.31 0.0665 0.255
0.22 0.41 0.0665 0.255
0.27 0.52 0.0665 0.255
0.33 0.65 0.0665 0.255
0.41 0.85 0.0665 0.255
0.47 1.01 0.0665 0.255
0.54 1.21 0.0665 0.255
0.58 1.21 0.069 0.282
0.61 1.30 0.07 0.292
0.70 1.32 0.073 0.321
0.74 1.16 0.076 0.348
0.81 1.17 0.077 0.357
0.91 1.17 0.0775 0.361




] J
2. ﬂiﬁﬂl@ﬂ@uﬂWﬂﬂlu1ﬂli§f}uWTL!f‘f“L!fJﬂﬁN 3 Wy

88

anusiemailon u, | AnuduaAnToUAAP | ANURUUA L | dAdIuBedIN £

(m/s) (kPa) (m)

0.00 0.00 0.0625 0.216
0.16 0.12 0.0625 0.216
0.21 0.20 0.0625 0.216
0.28 0.31 0.0625 0.216
0.39 0.50 0.0625 0.216
0.49 0.69 0.0625 0.216
0.57 0.88 0.0625 0.216
0.63 1.04 0.0625 0.216
0.67 1.15 0.0625 0.216
0.72 1.19 0.0635 0.229
0.75 1.19 0.065 0.247
0.80 1.19 0.068 0.280
0.84 1.19 0.0695 0.295
0.91 1.20 0.0715 0.315
0.96 1.19 0.072 0.320
1.03 1.19 0.0745 0.343
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2570 kg/m’
anudumsduazifion | s adigavesmaifaigda lawdu
0.0 0.70
0.5 0.52
0.6 0.43
0.8 0.46
0.9 0.46
1.2 0.46
1.3 0.43
1.5 0.43
1.6 0.40
2.0 0.37




2600 kg/m’

° ! 2 o 1
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0.0 0.91
0.7 0.78
0.8 0.73
0.9 0.62
1.2 0.57
1.3 0.52
1.4 0.52
1.6 0.52
1.8 0.50
2.1 0.52
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Freescale Semiconductor

Integrated Silicon Pressure Sensor
On-Chip Signal Conditioned,
Temperature Compensated and
Calibrated

The MPxx5004 series piezoresistive transducer is a state-of-the-art
monolithic silicon pressure sensor designed for a wide range of applications,
but particularly those employing a microcontroller or microprocessor with A/D
inputs. This sensor combines a highly sensitive implanted strain gauge with
advanced micromachining techniques, thin-film metallization, and bipolar
processing to provide an accurate, high level analog output signal that is
proportional to the applied pressure.

Features

+ 1.5% Maximum Error for 0 to 100 mm H,O over +10° fo +60°C with Auto Zero

» 2.5% Maximum Error for 100 to 400 mm H,O over +10° to +60°C with Auto Zero

92

MPXV5004G
Rev 12, 09/2009

MPXV5004
MPVZ5004

Series

0to 3.92 kPa
(0 to 400 mm H,0)
1.0 to 4.9 V Output

Application Examples

- Washing Machine Water Level

+ |deally Suited for Microprocessor or
Microcontroller-Based Systems

- Appliance Liquid Level and Pressure
Measurement

+ Respiratory Equipment

+ 6.25% Maximum Error for 0 to 400 mm H,0 over +10° to +60°C without Auto Zero

« Temperature Compensated over 10° to 60°C

+ Available in Gauge Surface Mount (SMT) or Through-Hole (DIP) Configurations

- Durable Thermoplastic (PPS) Package

ORDERING INFORMATION
; Case # of Ports Pressure Type Device

Device Name No. None | Single Dual Gauge | Differential | Absolute Marking
Small Outline Package (MPXV5004 Series)
MPXV5004DP 1351 MPXV5004DP
MPXV5004GCBT1 482A . . MPXV5004G
MPXV5004GCEU 482A . . MPXV5004G
MPXV5004GCTU 482C MPXV5004G
MPXV5004GP 1369 . . MPXV5004GP
MPXV5004GPT1 1369 . . MPXV5004GP
MPXV5004GVP 1368 . MPXV5004GVP
Small Outline Package (Media Resistant Gel) (MPVZ5004 Series)
MPVZ5004G6T1 482 . . MPVZ5004G
MPVZ5004G6U 482 MPVZ5004G
MPVZ5004G7U 4828 . . MPVZ5004G
MPVZ5004GCEU 482A . . MPVZ5004G
MPVZ5004GW6U 1735 MZ5004GW
MPVZ5004GW7U 1560 . . MZ5004GW

© Freescale Semiconductor, Inc., 2006-2009. All rights reserved.

freescale”

semiconductor
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SMALL OUTLINE PACKAGES THROUGH-HOLE

MPVZ5004G7U MPXV5004GCT7U MPVZ5004GW7U
CASE 482B-03 CASE 482C-03 CASE 1560-02

SMALL QUTLINE PACKAGES SURFACE MOUNT

MPVZ5004G6U/6T1 MPXV5004G6U/6T1, MPVZ5004GC6U
CASE 482-01 CASE 482A-01

MPXV5004DP MPXVS5004GVP
CASE 1351-01 CASE 1368-01

MPVZ5004GW6EU MPXV5004GP/GPT1
CASE 1735-01 CASE 1369-01




Operating Characteristics

Table 1. Operating Characteristics (Vg = 5.0 Vg, Ta = 25°C unless otherwise noted, P1 > P2)
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Characteristic Symbol Min Typ Max Units
Pressure Range Pop 0 — 3.92 kPa
400 mm H;0
Supply Voltage(!) Vg 475 5.0 525 Vpe
Supply Current Ig — — 10 mAdc
Span @ 306 mm Hy0 (3 kPa)l?) Vess — 3.0 — v
Full Scale Span @ 400 mm H,0 (3.92 kPa)(?) _ 40 _
Offset) Vorr 075 10 125 v
Sensitivity VIP — 1.0 — VIkPa
Accuracy ) 0 to 100 mm H50 (10 to 60°C) — — — 15  |%Vesswithauto
100 to 400 mm H,0 (10 to 60°C) — — — 25 %VFS:vri?h auto
0to 400 mm Hy0 (10 to 60°C — — — 625 %VFSZ; ::ithout
auto zero

. Device is ratiometric within this specified excitation range.

. Span is defined as the algebraic difference between the output voltage at specified pressure and the output voltage at the minimum rated
pressure.

. Offset (V) Is defined as the output voltage at the minimum rated pressure.

4. Accuracy (error budget) consists of the following:

Linearity:Output deviation from a straight line relationship with pressure over the specified pressure range

Temperature Hysteresis:Output deviation at any temperature within the operating temperature range, after the temperature is cycled to and
from the minimum or maximum operating temperature points, with zero differential pressure applied.

Pressure Hysteresis:Output deviation at any pressure within the specified range, when this pressure is cycled to and from the minimum or
maximum rated pressure, at 25°C

Offset Stability:Output deviation, after 1000 temperature cycles, -30 to 100°C, and 1.5 million pressure cycles, with minimum rated pressure
applied.

TcSpan:Output deviation over the temperature range of 10 to 60°C, relative to 25°C.

TcOffset: Output deviation with minimum rated pressure applied, over the temperature range of 10 to 60°C, relative to 25°C.

Variation from Nominal: The variation from nominal values, for Offset or Full Scale Span, as a percent of Vpgg, at 25°C

. Auto Zero at Factory Installation: Due to the sensitivity of the MPVZ5004G, external mechanical stresses and mounting position can affect
the zero pressure output reading. Autozeroing is defined as storing the zero pressure output reading and subtracting this from the device's
output during normal operations. Reference AN1636 for specific information. The specified accuracy assumes a maximum temperature
change of +5°C between autozero and measurement

MPXV5004G




Maximum Ratings
Table 2. Maximum Ratings("
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Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Puax 16 kPa
Storage Temperature Ts1e -30to +100 °C
Operating Temperature Ta 0to +85 °C

1. Exposure beyond the specified limits may cause permanent damage or degradation to the dewvice.

Figure 1 shows a block diagram of the internal circuitry integrated on a pressure sensor chip.

! Thin Film
| sensing —  Temperature
| Element Compensation

and Calibration
I Circuitry

(Gain Stage #2

— and 4

Ground
Reference

Shift Circuitry [

Pins 15,6, 7, and 8 are NO CONNECTS

GND

for small outline package device.

Figure 1. Integrated Pressure Sensor Schematic

On-chip Temperature Compensation and Calibration

The performance over temperature is achieved by
integrating the shear-stress strain gauge, temperature
compensation, calibration and signal conditioning circuitry
onto a single monalithic chip.

Figure 2 illustrates the gauge configuration in the basic
chip carrier (Case 482). A fluorosilicone gel isolates the die
surface and wire bonds from the environment, while allowing
the pressure signal to be transmitted to the silicon diaphragm.

The MPxx5004G series sensor operating characteristics
are based on use of dry air as pressure media. Media, other
than dry air, may have adverse effects on sensor
performance and long-term reliability. Internal reliability and

Fluorosilicone
Gel Die Coat

qualification test for dry air, and other media, are available
from the factory. Contact the factory for information regarding
media tolerance in your application.

Figure 3 shows the recommended decoupling circuit for
interfacing the output of the MPxx5004G to the A/D input of
the microprocessor or microcontroller. Proper decoupling of
the power supply is recommended.

Typical, minimum and maximum output curves are shown
for operation over a temperature range of 10°C to 60°C using
the decoupling circuit shown in Figure 3. The output will
saturate outside of the specified pressure range.

Stainless
Die Steel Cap

/

Wire Bond

P1 /
[ 1] Thermoplastic
N7
\\___ ___}/ /’
Lead Frame / \)I'-\ il Z

\J[V

\

Differential Sensing Element

\ Die Bond

Figure 2. Cross-Sectional Diagram (Not to Scale)

MPXV5004G




Output (V)

(P2) side. The Pressure (P1) side is the side containing
silicone gel which isolates the die from the environment.

5.0

40

30

20

BV

—>
£

-
Iu

[
-

Figure 3. Recommended Power Supply Decoupling and Output Filtering

Vs

GND

OuTPUT

470 pF

(For additional output filtering, please refer to AN1646.)

Differential Pressure (kPa)

Figure 4. Output vs. Pressure Differential
at £6.25% Vg (without auto zero, Table 1., note 5)
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. 50 ;
TRANSFER FUNCTION: / TRANSFER FUNCTION:
Vou = V5'lI0:2°P) + 0.2] = 8.25% Vg A Voue = V5'[(02P) + 0.2] £ 25% Vg
Vg =50Vde = 40 vg=50Vde =
a
TEMP = 1010 60°C / TEMP = 1010 60°C /
- — 30
MAX s MAX
TYPICAL = TYPICAL
by H By
= 20 Z |
/ /§\ o MIN
/ MIN
[~ 10
0
0 10 20 30 40 0 10 20 30

Differential Pressure (kPa)

40

Figure 5. Qutput vs. Pressure Differential
at £2.5% Vggg (With auto zero, Table 1., note 5))

PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE
The Freescale Semiconductor pressure sensor is

Freescale Semiconductor designates the two sides of the
pressure sensor as the Pressure (P1) side and the Vacuum

applied, P1 > P2.
The Pressure (P1) side may be identified by using the

table below.

Part Number Case Type Pressure (P1) Side Identifier
MPXV5004DP 1351 Side with Part Marking
MPXV5004GCBU/BTT, 482A Side with Port Attached
MPVZ5004GC6U
MPXV5004GCT7U 482C Side with Port Attached
MPXV5004GP/GPT1 1369 Side with Port Attached
MPXV5004GVP 1368 Stainless Steel Cap
MPVZ5004GEU/6T1 482 Stainless Steel Cap
MPVZ5004GTU 482B Stainless Steel Cap
MPVZ5004GW6EU 1735 Vertical Port Attached
MPVZ5004GW7U 1560 Vertical Port Attached

designed to operate with positive differential pressure

MPXV5004G
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Low Cost =2 g/+10 gDual Axis
iMEMS® Accelerometers
with Digital Output

ADXL202/ADXL210

FEATURES

2-Axis Acceleration Sensor on a Single IC Chip

Measures Static Acceleration as Well as Dynamic
Acceleration

Duty Cycle Output with User Adjustable Period

Low Power <0.6 mA

Faster Response than Electrolytic, Mercury or Thermal
Tilt Sensors

Bandwidth Adjustment with a Single Capacitor Per Axis

5 mg Resolution at 60 Hz Bandwidth

+2 V to +5.25 V Single Supply Operation

1000 g Shock Survival

APPLICATIONS

2-Axis Tilt Sensing

Computer Peripherals

Inertial Navigation

Seismic Monitoring

Vehicle Security Systems
Battery Powered Motion Sensing

GENERAL DESCRIPTION

The ADXL202/ADXL210 are low cost, low power, complete
2-axis accelerometers with a measurement range of either
2 g/£10 g. The ADXL202/ADXL.210 can measure both dy-
namic acceleration (e.g., vibration) and static acceleration (e.g.,
gravity).

The outputs are digital signals whose duty cycles (ratio of pulse-
width to period) are proportional to the acceleration in each of
the 2 sensitive axes. These outputs may be measured directly
with a microprocessor counter, requiring no A/D converter or
glue logic. The output period is adjustable from 0.5 ms to 10 ms
via a single resistor (Rser). If a voltage output is desired, a
voltage output proportional to acceleration is available from the
Xt and Yy pins, or may be reconstructed by filtering the
duty cycle outputs.

The bandwidth of the ADXT.202/ADXI.210 may be set from
0.01 Hz to 5 kHz via capacitors Cy and Cy. The typical noise
floor is 500 pgAHz allowing signals below 5 mg to be resolved
for bandwidths below 60 Hz.

The ADXL.202/ADXL.210 is available in a hermetic 14-lead
Surface Mount CERPAK, specified over the 0°C to +70°C
commercial or —40°C to +85°C industrial temperature range.

FUNCTIONAL BLOCK DIAGRAM

+3.0V TO +3.23V

CXJ‘_‘|7

Voo Voo Ix,,,,_T SELF TEST
{13} 14 12 Cg)_
ADXL202/
X SENSOR ADXL210
Revt
I2k0L xouT
- o
Coc — DEMOD —{ c
- DUTY o
CYCLE ul o
MODULATOR N |
OSCILLATOR et N
ReLT E
32K00 Yout
T — DEMOD (=
¥ SENSOR
i1
Yaur

iMEMS is a registered trademark of Analog Devices, Inc.

REV.B

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

]

|T1| |

Alg)= (T1T2 - 0.5)112.5%
0g=350% DUTY CYCLE
T2=Rseri125M0

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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(Ty = Ty t0 Ty, Ta = +25°C for J Grade only, Vip= 45V,
Rser = 125 k£, Acceleration = 0 g, unless otherwise noted)

ADXL202(JQC/IAQC ADXL210/JQCIAQC

Parameter Conditions Min Typ Max | Min Typ  Max Units
SENSOR INPUT Each Axis

Measurement Range’ t1.5 +2 t8 10 g

Nonlinearity Best Fit Straight Line 0.2 0.2 % of F§

Alignment Error’ +1 1 Degrees

Alignment Error X Sensor to Y Sensor £0.01 =0.01 Degrees

Transverse Sensitivity” * +2 Ya
SENSITIVITY Each Axis

Duty Cycle per g TUT2 @ +25°C 10 125 15 3.2 4.0 4.8 Yol

Sensitivity, Analog Output At Pins Xenor, Yot 312 100 mVig

Temperature Drift A from +25°C 0.5 0.5 % Rdg
ZERO ¢ BIAS LEVEL Each Axis

0 g Duty Cycle TIT2 25 50 73 42 30 58 %

Initial Offset 12 +2 g

0 g Duty Cycle vs. Supply L0 4.0 1.0 4.0 %V

0 g Offset vs. Temperature* A from +25°C 2.0 2.0 mg°C
NOISE PERFORMANCE

Noise Density” @ +25°C 500 1000 500 1000 | pghHz
FREQUENCY RESPONSE

3 dB Bandwidth Duty Cycle Qutput 500 500 Hz

3 dB Bandwidth At Pins XE'TLTJ Yi"[i.'l' 5 5 kHz

Sensor Resonant Frequency 10 14 kHz
FILTER

Ry p Tolerance 32 k) Nominal x15 z15 Y%

Minimum Capacitance At X Yenr 1000 1000 pF
SELF TEST

Duty Cycle Change Self-Test “0" to 17 10 10 %
DUTY CYCLE OUTPUT STAGE

Fepr 125 MQ/Rgey 125 MO/Rgey

Fspr Tolerance Repr=125 k2 0.7 1.3 0.7 1.3 kHz

Output High Voltage —25pA Vs - 200 mV Vs - 200 mV mV

Output Low Voltage I=25pA 200 200 mV

T2 Drift vs. Temperature 35 35 ppm/°C

Rise/Fall Time 200 200 ns
POWER SUPPLY

Operating Voltage Range 3.0 5:25 2.9 5.25 v

Specified Performance 475 5.25 4.75 5.25 v

Quiescent Supply Current 0.6 1.0 0.6 1.0 mA

Tum-On Time® To 99% 160 Cppry + 0.3 160 Cpr + 0.3 ms
TEMPERATURE RANGE

Operating Range jac 0 +70 o +70 °C

Specified Performance AQC -40 +85 40 +85 °C

NOTES

'For all combinations of offset and sensitivity variation.
Alignment error is specified as the angle between the true and indicated axis of sensitivity.

*Transverse sensitivity is the algebraic sum of the alignment and the inherent sensitivity errors,
‘Specification refers to the maximum change in parameter from its initial at +25 °C to fts worst case valug at Typg to Ty
"Moise density (ug/VHz) is the average noise at any frequency in the bandwidth of the part
"Cpy 7 in WF. Addition of filter capacitor will increase tum on time. Please see the Application section on power cycling.

All min and max specifications are guaranteed. Typical specifications are not tested or guaranteed.

Specifications subject to change withour notice.
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ADXL202/ADXL210

ABSOLUTE MAXIMUM RATINGS*

Acceleration (Any Axis, Unpowered for 0.5 ms) ...... 1000 g
Acceleration (Any Axis, Powered for 0.5 ms) ......... 500p¢
Vg o cieeiiees 03V +TOV

Output Short Circuit Duration
(Any Pin to Common) ......................Indefinite
Operating Temperature . ................-55"Cto +125°C
Storage Temperature ... ................—65°"Ctw +150°C
*Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; the functional operation of
the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

Drops onto hard surfaces can cause shocks of greater than 1000 g
and exceed the absolute maximum rating of the device. Care
should be exercised in handling to avoid damage.

PIN FUNCTION DESCRIPTIONS

Pin Name Description

1 NC No Connect

2 Ve Test Point, Do Not Connect

3 ST Self Test

4 COM Common

5 T2 Connect Rsgr to Set T2 Period
6 NC No Connect

7 COM Common

8 NC No Connect

9 Your Y Axis Duty Cycle Output

10 Xour X Axis Duty Cycle Output

11 Yror Connect Capacitor for Y Filter
12 X Connect Capacitor for X Filter
13 Voo +3 Vo +5.25 V, Connect to 14
14 Vop +3Vto 4525V, Connectto 13

PACKAGE CHARACTERISTICS

PIN CONFIGURATION

——
NC[T] e [™] Voo
vip [2] ADXL202/ 93] v,
™ X210 [
ST “opview |12 Xmur
coM [&] (Nt to Scale) 7] v, ;
2[5 Ax [T0] Xour
Ne [E] (%] Your
COM [T | a-,<—1 [8] NC

NC =NO CONNECT

Figure 1 shows the response of the ADXI.202 to the Earth’s
gravitational field. The output values shown are nominal. They
are presented to show the user what type of response to expect
from each of the output pins due to changes in orientation with
respect to the Earth. The ADXI.210 reacts similarly with out-
put changes appropriate to its scale.

TYPICAL QUTPUT AT PIN:
‘3 =50% DUTY CYCLE
= % DUTY CYCLE

1n=257
12=2.188V
——
- ]
O ]
O ]
O m]
O |
O |
O u}

TYPICAL QUTPUT AT PIN: TYPICAL OUTPUT AT PIN:
9= 37.5% DUTY CYCLE 9= 62.5% DUTY CYCLE
10=50% DUTY CYCLE 10=50% DUTY CYCLE
11=2812V 11=2.188V
12=z25¢ 12=25V

O m]
O ]
O ]
O m]
O |
O |
O +H 19
TYPICAL OUTPUT AT PIN:
#=50% DUTY CYCLE
10 = 37.5% DUTY CYCLE
=28
12=2812V

EARTH'S SURFACE

ST LSS LSS SIS TS TSI S ST

Package fha e Device Weight i i
Figure 1. ADXL202/ADXL210 Nominal Response Due to
14-Lead CERPAK | 110°C/W 30°CAW | 5 Grams ;
Gravity
ORDERING GUIDE
g Temperature Package Package
Model Range Range Description Option
ADXTL.202]QC +2 0°C to +70°C 14-Lead CERPAK QC-14
ADXIL202A0Q0C +2 —40°C to +85°C 14-Lead CERPAK QC-14
ADXL2107Q0C =10 0°C to +70°C 14-Lead CERPAK QC-14
ADXL210AQC +10 —40°C 1o +85°C 14-Lead CERPAK QC-14

CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the ADXI1.202/ADX1.210 features proprietary ESD protection circuitry, permanent
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper
ESD precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!

e

ESD SENSITIVE DEVICE
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NUMBER PARTICULAR DETAIL
1 C'CHANNEL STEEL, "X 1.5
2 COMPRESSION SPRING STEEL, 1.25" X 3.25"
1 VIERC-MOTOR

200 i
.
400
VIBRO-MOTOR
SCALE 1.4
500
|
.& LI
+ MAME DATE MECHANICAL ENGINEERING
500 5bio DRAWN hir. AKVANICH V. 17/06/2010 PRINCE OF SONGKLA UNIVERSITY
Fal i
DESINGMER Wizs. KANJANAPORN W 01/01/2009 Tel (66-74) 2 12883, 257035, 287036
e y.||*. APPROVED Fax (E5-74) 212853
PRODUCT MAME:
i MATERIAL: STD:
00 |mu FROJECT NAME: MINIMUM FLUIDEST 10N VELOCTY FOR
- - VEBRATED FLUIDIZED BED
- 400 - SCALE: 1:14 CODE: ADT _ SIZE: Ad LNITS: Millimekr SHEET: 2 OF 4
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MUMBER FARTICULAR DETAL
[ . 1 FLUIDIZED BED COLUMN DIAMETER 4 inch
_f_. i Z STAINLESS STEELTUBE DIAMETER 1/8inch
3 REDUCER PVC4 TO 2 inch
4 DISTRIBUTOR POLE 1
-
500
00 AEL L lm . .- [
= e - 1
ol |
&

NAME DATE MECHANICAL ENGINEERING
CRAWN Mr AKVANICH ¥ TTORZND | PRINCE OF SONGKLA UMIVERSITY
DESINGMER Mizs. KANJANAPORN W, 0UDTZ008 | Ta|{Ba-T4) 212853, 2BTO35, 2RT0IE
AFFROVED Fax (35-74) 212853

FRODUCT MAME:

STD:
Iml PROJECT MAME: MINMUM FLUIDIZATION VELOCITY FOR
VIBRATED FLUI{ZED BED

BCALE: 1:B CODE:BM _ SIZE: A4 UNITS: Millimeter SHEET: 2.0F 4

MATERIAL:
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MUMBER PARTICULAR DETAIL
1 PVC FLANGE DIAMETER 2inch
z CRIFICE
3 STAINLESS STEEL TUBE DIAMETER 18 inch

105
MAME DATE MECHAMCAL ENGINEERING
CRAWN Mr. AKVANICH V. TTE2010 PRINCE OF SONGKLA UNIVERSITY
CESINGNER Miss. KANJANAPORN W 01012005 Tel (85-T4) 212893, 287035, 267038
APFROVED Fax (§6-74) 212833

MATERIAL:

%

m-

PRODUCT MAME:

PROJELCT MAME: MIMIMUM FLUIDIZATION VELOCITY FOR
YIBRATED ALUIDIFED BED

SCALE 13

CODE: 4ot

_ SIFE: Ad

LINITS: Millimeter SHEET:4 OF 4
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NUMBER FARTICULAR CETAL
1 VIBRATED FLUIDIZED BED SEE CODE ADY
2 FLUIMMZED BED CELUKN SEE CODE 8o
3 PVCTUBE DIAMETER 2 mch
4 FLEXEBLETLBE DIAMETER 2 inch
5 ORIFIGE SEE CODE 0%
g GATE VALVE
7 BLOWER
NAME DATE MECHAMCAL ENGINEERING an ;
DIRAWN Mr AKVANICH V. 1032010 | PRINGE OF SONGKLA UNIVERSITY 77 St @
DESINGNER Mizz. KANJANAPCRN W DARAR beb ] Tl [B5-T4) 212893, 257035, 287038 ..“_w.
APPROVED Fax [B8-74) 212833
PRODUCT NAME
MATERIAL 5TD:
\@Iml PROJECT MAME: MINBUM _u_._.__n__N..F_M_OZ,.__m_.On_._.{ FOR
VIBRATED FLUIDIZED BED
SCALE: t:14 CODE: _ SIZE: A4 LINITS: Milimater SHEET:-10F 4
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The effect of mechanical vibration on minimum fluidization velocity
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Abstract

The aim of this research was to study the effect of
mechanical vibration on minimum fluidization velocity. The
parameters studied were vibration frequency and vibration
intensity. The experiments were carried out with the vibration
in harmonic mode in the verical direction parallel with the
earth gravity. The particles used in the experiments were
glass beads (Geldat's group B) with of 2mm diameter,
2570 kg /m’ density and 3mm diameter,2600 kg/m’> density
respectively. The vibrating frequency of 35, 40, 45 Hz were
tested. It was found that the effect of vibration caused void
fraction to decrease and minimum fluidization wvelocity

decreased due to the increase in vibration intensity.

Keywords: Minimum fluidization velocity, Vibrated fluidized
bed. Void fraction, Vibration intensity

1. UNUI
Wadalawduonibandszandlflugasmnssuanig 14
Tunsrurumslasuuilasmamomn wasmslBouslasm
1Al LT% @RETANTINETHIT NITLTuds Dlasadl nrsauuds
ua:m'sﬁ'mmmaaagmﬂﬁﬂum Nq‘ﬁﬂ'ﬁmﬁ%’umm‘mﬁim
lﬁ'mgmﬂﬁm‘mamﬁ'uaﬂﬁarmﬁ‘nm:aajﬁmua Ao
e aiias uazgyEawdanudan adelsiowdamivaume
ﬁﬁmmmé’umguﬁnma 30 Tulasuas v3aduwefidnuan i
ammﬁﬁmummﬂans@uapmmaa Geladr [1] Tagm liluds
aunnlungy A uasngu C sxifienadalagtulaon Faru
Seimmanamaiaiauiiiywifiiedu wasfiudssangnam
waamnﬁﬂﬂgﬁﬂiﬂm’ﬁ'u AT sduas fowdonand
lehwiussuuadaledwe wiadoni Wadeladiuauyy
Fuaziiiau
m';éi"ua:zﬁam%ammm’ﬁmﬂ%’uﬂ';aua:tﬁu
ﬂs:&h‘ﬁmmaaluagmﬂna;u A Uazngi C fdvuraidn uas
Fenudluiau 'Lﬁlﬁmwgﬁﬂ"imﬁ'u'!ﬁﬁ%u Famsduasiianas
T8 ﬂu‘saﬂ@um:'ﬁ:m‘wagmﬂ LR s T I s M
mmﬁua:m&mﬂmm‘fu
ﬁagﬁ'uwuiwm‘sﬁnmua:am‘ﬁ'ﬂnﬁmﬁ'ﬁﬂg%ﬂlﬂfﬁmﬂ
wuuimasfadldsuanuaulafuuinis Tagawsmsfnm
Tuagmangu cn‘%aagmnmuﬂaﬁﬁmm%uga 7N
psene Wl Sufirnuanfeiuna e sauas i oudi fda
mufiaradalasduluagmasuiaidn (nduA Laz C) Gupta
uas Mujumdar [2] wu‘hmmﬁ'uaﬂﬂ‘a‘amuma:mmﬁ‘:m@
anaatiiasnnsiuas fau ua:m‘:é’ua:iﬁauﬁwlﬁlﬁﬂﬂg'ﬁﬂ

- L —
T fuldauysoiuniu Kuiper sazams  [3] Anwuazin

107

769



mﬂﬁﬂﬂgﬁﬂ'lﬂ«ﬂumuu&'umun”ﬂrgmnwé’uﬁ'uﬂumjuﬁau
YBIBYIIN nasaafaasudaswnansurasulaiudSs g
duaumealungy ¢ biduldarwauniangy A lasmsnau
WM UALAE M SEMLA WUt msnauATwuaRasad
wmlimusnnevsdalaesuld uinsdivasm sEwuaiig
'Eﬁm_g,mﬂmanilaﬁ'ud%’auﬂﬁé’)ua:nﬁﬂﬂgﬁﬂiﬂmfﬂﬁ LAZHA
ajamﬁ‘si’u&:lﬁaui"i:ﬁGiam'sLﬁﬂﬂg‘ﬁﬂlﬂmﬁ‘luagmm@u c
Fefnwuaziuiulan Noda uasams [4] Hamsnaaainyi
mgw'm'lsjmmmLﬁﬂNgﬁﬂlmﬁﬁ?ﬂé’mniﬂﬁm‘sé’uﬁ:lﬁau
lmm‘nm"‘nﬁﬂqmﬁaamnﬁﬂﬂgﬁﬂlﬂm’i’ua:aﬂmtﬁamw
wumsduasfiauiiuin dosn Mawatar uazanis [5,6] Yims
m‘qaaaﬁnmwmawmmaaawwaﬁﬁﬁ awada ladiuauuy
N wu‘:‘wmmn‘?}éwqﬂmaanwnﬁﬂﬂgﬁﬂlﬂw%’ua‘t‘m%’uagmﬂ
ngy assatfianudunisduasifanRuin uddiwi
auntalungy A aefifnned wanwndidaldaunts Erqun 7]
'ﬁwmummw;%aﬁﬁqamaam‘nﬁﬂﬂg‘ﬁﬂiﬂm%’u Tan
Wi WA UHATIM N IATHI AN UNTIN@A Y WL TIRUNS
Ergun aansaldrinw ummr‘nﬁwqm%aanﬂitﬁﬂwgﬁﬂ1ﬂ LTTH
'1m“§a€wn'§'uaifn'mmiu A udfNAaEIUTaII 18028 IRET TS
Wangda lardudnilaanmsneaas Xu uar zhu [8,9) 160
ﬁnmua:maawmmmnm:nejmﬁ'waaagmﬂaﬁaal:ﬂamm
wumsduasfaufiuiuusss fudwisadniandiann ad
ffunnimings unnmnﬁﬂ's'lﬁ“ﬁnmm"mﬂ:ﬁﬁumﬁm'lg
?m'lﬂm‘ﬁ'waaagmm:mmﬁnmnlﬁm‘:é’ua::ﬁam%ana uas
w‘u'i'mam':i'i'ua:sﬁau%uagiﬁuamauﬁﬁmaamgmﬂ (ng
aRNIA NIINTEN IV WIALEEFU) uazfirnaneany
Fusziiian RanmFussianlufienaw uiuese Tl sas
lanazinad anﬁlﬁﬁﬂg‘éﬂim!ﬁ%’umnﬁqm ua:a:ﬂaﬂﬁqﬂ
dlafiansvasmsdussfiaudeaniuussliutisaslan uas
Diego Laznms[10] lann1sfnwiLasnaaasnazaanis
&'ua:;ﬁam"’ﬁaf:aﬁﬁaﬁaﬁﬂfnﬂﬁﬁﬂlﬂwﬁ'u&m%’uagmamuﬂa
fﬂnm'mummwﬁé’uﬁmumLﬁ'mﬁ'mlgﬁﬂ‘lm’mﬂ
wuuFuasfaunuieud fndau s asiuntsnmdm iy
agnwﬁﬁmmmﬁnmn %ai’ﬂa@luneﬁu A Uaz C
ﬁaﬁmm‘ié‘nﬁﬁ?ﬂqﬂs:aaé&ﬁaﬁﬂmﬁmﬂwmms
duasiion Tdun s Bvasmsduasiion wasdamusums
duasifian (Vibration Intensity) 7i5lHad adaa utosinentolu
WA ATTUARAAATIULLA mmﬁwi']a;ﬂﬁﬁwiﬁ;ﬁﬂﬂqﬁﬂiﬂm
i lognmeaasdagayninuiingy B uasRansnnssuy
m'sﬁ'ua:;ﬁaulunﬂiﬁmﬂgné’i’uﬁaum'ﬁé‘um awdmanuy
ansTuFin (Harmonic) luwwdswisiunss Ty dasvaslan

-l

2. N B
Hada ladiuauuuduanfisna:iinwmsdi swudasay
NEEHERERE o8 FUIRVBIARAIN AT URUILURTEIAUN A

AT AN LA NE A UazA I Tisa I IR uEzRaY lana:

T 86 20 WA WAz aﬂg?m'lwimﬂ

24 ﬁ’l"lulg‘“%"li!ﬁ'ﬂadl‘r'lil.ﬁﬁ‘l'l%ﬁﬂ‘hl.m

m_'mtfsmawaa'lmﬁﬁﬂﬁagmamulumm?'mﬁ'wﬁ
ywiaGudnSean lwm:ﬁﬂ‘muﬁuaﬂﬂ‘iau;umﬁmgaq&ua:
Guaa® Sonh ﬂ‘nm‘?‘;dﬁq&maaﬂgﬁﬂlmm%’u (Minimum
fluidization velocity) FaaunTnin i UG Haand auty
AIINAUNIT (1) u,a:mmmmﬁwmmr‘nw‘hgmaam‘:lﬁm'.‘g
S laentu s mauniTuas Ergun

- AR HAART LG
Ap
oy o
me

lagii Ap,,fannudusaniauuadigaunciiangde la
U Lyefannummwaunsfiangialaimiu &, fodndom
- -
fﬁaa‘hamﬂiumﬂmmnﬁﬂNgﬁﬂlmﬁ%’u ppﬁam'lwmuiiu
wasaumewiatilauin  ppRannunuiniurasama uas

- PR | LT
g fanmudsdiasnnusshiiunaalan
MFIAFA U I TANGTA ALY (2 )

2 2
Ap (- ew ) pp00g (t—ng) pyiay
—£ =150— L +1.75— 2
Loy Emf dp Emf dy
Taod umfﬁam'mfnmmmhs;mm:tﬁﬂﬂgﬁﬂlm@m?u dp
Radurnugudnanizasanma

dasntarimaluuernafensdalaass
o
Emp =1-(1—80) - )
Lye

laafl gpRadnarutasivrasamnisamsiuaiia LyRaniiw
goadLLaii

22 anudun1sdnasiion
AN SERACLT A% (Vibration Intensity) fadudlsly
wingfidandaurmulunsiwas i sutuamad ailasnn
usalilunwwasTan mursoiwanm ladaadl
r . ACo) i
g
Taod T fannudunisdussiiion Aﬁauauwﬁgmaam‘:é’u

£ Raemafivasmsduasifion

P REVISIHY m‘:i%'“ua:sﬁaumu'rsnlﬁmmﬁimamgﬁﬂ
laduonuudussiianldail

1. Vibrated state tisdwtilonmudumsduasiandsn
Haend 1 m'sm‘é'au'ﬁmaaagmﬂmn'tumm:ﬁﬁnwm:ﬂé'm
nuwgdaladiuauuusssua nrsduazifauazdaoldd
adasmw m::ﬁﬂﬂgﬁmlﬂL'nﬂi'uiﬁauyﬂﬁmnﬁru nsiaRani
‘uaaﬂu‘mﬂ%J:%uﬁummﬁ‘mmmﬁnaamasﬁm

2. Vibrofluidized bed tRatiudlan auntsiuastiian

faminny 1 lagfienuFramauasnisduasii auliinna

108

77C



samaiawadalavsduiii g @uiunefuaaladnadia
msnRawiuInniIiy

3. Vibrated fluidized layer tiad il anaudunas
duastfiaudauannia 1 m‘:m‘é’iauﬁ'mam&mﬂmu‘tumﬂ
sraufuusaduas faudlunan aniafn wadw i
drnaalunisuaniddountudan nstomysnitauna
pintiu ussusadiasnnmsiuasfanasiliifiamiuduan
AIBAULLA

I@mwaamamsé’ua:lﬁam:aﬂauﬁammganucﬂﬁm
Wi s wasif anadunisduas fon (T) fisuannd 4
ud? nisnssefedasa e olulue agrsadanad
wr lfuasas Anaiilddss@ninwnsinomanadauuas
HIRAAEARI

3. qﬂn‘i:ﬁlm:"‘aﬁminﬁa a4
aunsoldmiuneasssdeledluauu ufussiouuans
1u3ﬂﬁ 1 Getlsznaudoed sadhay MadEmivluenud
a1 LU TR A TIUAY (MPXV5004DP 3.92 kPa (0400 mm
H0) 14.9 volt output: Free Scale) wutwafien
(ADXL 210% 10g: Analog Device) aataadiud (OMB 1w1@
0.75 usyih 50 Hz) gemrunuamuTmawat (60 Hz) wo
NARBIBZARAANTINTZUAN (IWIALT WA EUIna1I 0.1 as @
1 way) mnadeliussinuasndasfineamnivianmugaue
wastuinmwm s ssulssmanuaunsyinmesas wasld
USB DAQ 6008 National Instrument uazlilsunss LabView
SinalExpress 3.0 #wiunisifiuussduiindayasinmisnaan

%@

1. Blower &, Vibro-meter 0. Scale

2. Valve &, Vilration hasw 10, Bed Cobusns
3. Ouifice plate T, Investor 11 Presvimre sensor
A ACeEleITIETEr SERsnT B, Wel cammera 1L Dt Avquisifian Syetem

514 1 gagUnsoldmiunaassuurgia ladiue

Jaqlidmiunaasslsznaudisouniandy B fa
aunInuna (Glass beads) §1ur4 1 kg nSanaN1uIa
EUHIAUONAT 2008, A1IUARINUY 2570 kg/m3 WAE 333,

FIMHRWILUY 2600 }rg/m3

31 3EmMmaass

m‘m@maaﬂg'ﬁﬂ‘laeﬁmﬂuuﬁ'ua:;ﬁau GEuanniside
witasthay Blower) USuansimslnauasainiadigndl o
snadamalasmslfiauaa Fannuaudarinnu i
a5 thuad ldndwinm ey amedwaunsile
innsdiufisuszwitad nsaliannuhanfvmwae e
AMAUAR FUAINNARAANT AL AR W I AN M IS
P fsusswisdtussduinfussamuduaimea iy
s US Ui s aswera$innnuau (MPXV5004DP 3.92
kPa: Free Scale) ?ﬂf-ﬁmmgamaamﬂﬂ“‘mama‘lﬁu‘nﬁ'ﬂ%a
ﬁﬂéau?n.mﬂg'ﬁ@iﬂ«im@maé’uﬁ uastufinmadAauudas
anugsrasualannsiandasiiaes

dwiussuuresnsauasiRawin fwualinag
é’uazgﬁauﬁmmfiag’lwﬁu 35 40 kas 45 Hz laganunsnuddy

LSEAIUANAIN AT INALG afluthaduasinad

4. HANINAADI UASIDI1TOE
4.1 mm&uéﬂqaﬂmm‘stﬁaﬂg%dmﬁ%‘u
HATAIAIATIULTILASAIN I INAUAARTBULLA YAINTS
m'laaaw‘g‘ﬁﬂ'imvm?uuuué’ua:;ﬁau%wnmwmaa'ﬁaﬂums
i asn e wisunura m"mamlugﬂﬁ 2 ()
UAT 2 (1) @IWEAL (NITAUNNIUIN 3 WAL arufuaams
Fuastfion 35 Hz) GehdnAldanmisnaaasmiainlundas
FTHPBINTINTIA T

[

31 2 (n) P me was (1) A IAUARNTaNLLe

( a4mIATUIa dps W)

109

771



snnnﬁvﬂugﬂﬁ 3 uamsR AN RUETzHIem T
NNFLAZ AT RIAA TaNLLA M TadIasWada ladiun
(AT UFALUA) LATAIULTBINIA(NITRIUNIATUIA
s HEnat 3ua.) nasaslug e uintsduasifiau 35
Hz 40 Hz was 45 Hz 9a1nnisnesaswuiinnuduaanias
weilimududisn nuFamefadul wiusn useamy
FuaansantuaEuAailadsun S e m iy (@uma
meluuaSiiusasdaGe i) fwmmuEiame Qﬂf:ifmn‘h
Fm:uL"E‘ﬁi'wqmmammﬁm!géﬂ'lmm?u uasiilauB o founs
mymagsszwiengdaledivauuusrsuanuasWadeladiue
uunEuasfian wui'm‘wmwL%)ﬁwqmmmnﬁﬂ Nﬁﬁﬂ'lmqi
Fufirnnafizamisduasifian 45 Hz uasnnunady
psduastfanh 1.2 i asuseldudaelanazfidnnu
mmﬁ@iﬁqﬂﬁ 0.75 mis UAZAYIMEILLA 0.0635 LAY a=Tiawg
Falenziulaih LAINSTANAADIH LI RN AVING 204, HANTI
NAKIIT AN BT WAL ITUAUINUWIG 344, FapanIImeaas
fapandosiunuddofidiwinves  Mawatar uasams  [5]
Tatemoto Lazftws [6] wuindafmnnuiuasdneudinis
Fussfiaufiddiudu danuEmmeramadie Ngﬁﬂ‘lﬂw

Fuaziifmanay FnaisauninawIaEnndy A ua C)

=)
—&— ap vibaatice;] ~k bl m
—i— 35 Hr 10,7 b=D.00013m
075 | —h— 4 Hz, 109 be000014m
—— 25 W 1 =1 2 el 0001 6im
=y
£ 07
§ 045 -
it
e il
— i
il
055 L
dl
140 Ly
i
9 a
|l
1 H
= 1
:, ji
z i
|
E L 3l
I
A [ l :
Hi
20 i)
(] T T all
Lo an Al ] 40 100 1.20
Velocity (mis)

311 3 pavasruiran IR REia uiddannuTame

LAZFTAY U ARARRTAULLG (URIATIE dp 3 %)

LAZIINAITNAAD Ngﬁﬂ'lﬂafmﬂuuu auazifiauiie
e aninarasnisauastfauifidanuianme wasana
AUA ANSDULLG wudwn‘nuﬁmaam‘sé’ua:;ﬁauﬁlﬁ'ﬁmzuuﬂg

Fn ladiua il asm@eiunudnmafsasanuGaime uas

. = o 5 - =
fnnufirasnudusaniauiun Ssusaslugid 4 duns
Apnsimsduaziianreisdn ladiuafinnud 35 Hz ved
AUMATUIA 20031,

k] T T T T T

| —— 5% 38 Hed, = Zoum,

Wibgarion Intensity

’o j
o

10 " ) L n an = a8 50

Frequency (Hz)

& 50%: 35 Hael , = 2mnn.

Prassurs Bed (kPa)
¥
e
—

b AT k\/\f ~/ |
W ™ ®m ™ 0w & & 2
Frequency (He}

M| —— e 500%: 35 Hzdd, = Jmum,

Viedocty (mis)

1
il

A Ao Fa
TS r\'w“ WY Ik, M

©° 15 el k] 0 £ 0 - 0

Frequency (Hz)

31 4 myemesdru e yiuas au
(aumarwia d,2 uu. )

4.2 dndmgaaiumuluiua
andrugasrianaluusnildannuadn Autszning
AT IS MUAILUS WASUHAR W FIT0LUANIH I
fraaunIsh (3) uamﬁamwﬂgﬂﬁ 5 Gailunmuduwaut
swisra AN sEuas fau i dad utashemaluue
aaaumMATaEREUINAS 204, uas 3ua s fiowade
Taerdu Inganuamamesaswuiniamamdamsauasifion
Tenuiaiu aunInm slutaasSuussauasfournlidaaaiu
wivdu JemnliFamutasiemelwunanss uaziannin il
netiflaifinnsdmun wasa uaaand afua W da R wanEs

finwlaz Mawatan Lasane [6]

110

772



Poresity of bed

an0n E) An 50 a0 .00 120 180

Vibeation Intensity

717 5 mas AN FuEsLT U aNEREI U TaIINg

maluius

4.3 RIS UHANTNARBILAZNITATWIL

3 uiguHanTsnaasn MU gR eI Ine
Wadalawtu mursaw lanndwmiioaumh @) uaz @)

140
—— Experiment - Zims
L —3— Ergim i, = Jomn
120 \ A= EXpRITTL 0, < o
—— Eigun 7 = S,

_[5’
//
//

Vibrabion intensiy

31 6 M eI IR uasiauda Fi'm'nu!."‘i';ﬁwqalunw
thangdn lodu

'»nnn‘nﬂ'l.u;;ﬂ‘?’i 6 wansmatiBsuia Ui uiinusa
ﬁwqwaam‘n‘ﬁm&g%mlmL«n%’u‘::w_iwmmmama:m':
fwmau S N ngefausim i adu dmiunsdilil
PISARLLG ﬂ"1mwm’h@hagmaamuﬁ@Mgﬁﬂim%’ﬁ'umﬁua
mInaassiinlnalf sy HaINMIF M EIIENMS I
BUMNA 200, HAM S WIME AT IRl Y 0.91
mfs LazIINHanIneaasdiin M2 ImIeeiInY 061 mis
. ua:lum:‘iﬁ'agmﬂﬁmmﬂ 3ua.6nd W nmsiwmie
0.97 mis UasAIIINMINAAIIRE 1.21 mis dwiunsdifing
Fuluanaa N i wrmiamaunandiafun i Tnaaasunn
dlasndniwarsnisauasfaniifasamizmsife Ngﬁﬂ'iﬂ
winmalugdaladiva uddnsinseaaasminmu

nnnmasiunrliumilaunu

5. d31

NMINAS BN IHATA LT SuEL DU aang
fnladlunuuuduasiiauasa wmMRUWIANE B uaealdiin

msiuastiauaunsngolid ﬂﬁg‘éﬂlmﬁ%’u'!ﬁl‘hﬂmﬁa
wRsfsuiunsdilidmsduasifiany sawada ladiue was
wananinssuasiauae awg‘ﬁﬂ‘iwﬂwﬁ satlidiaus
amaasnsfiaadalacr fuliinaasy diasanadums
duastiauuazanufuasnisdussfoudau i

PAA1IANID4

[1] Geldart D. 1973. Type of gas fluidization. Powder
Technology, 7: 285-292.

[2] Gupta. R. and Mujumdar, A.S. 1980. Aerodynamic of a
vibrated fluid bed. The Canadian Joumal of Chemical
Engineerng, 58: 332.

[3] Kuiper,
Fluidization of potato starch in a stirred vibrating fluidized

N.J.M., Stamhuis, E.J., Beenackers. 1996.
bed. Chemical Engineering Science, 51: 2727-2732.

[4] Noda, K., Mawatari, Y., Uchida S. 1998. Flow patterns of
fine pardicles in a vibrated fluidized bed under
atmospherc or reduced pressure. Powder Technology.
99: 11-14.

[6] Mawatari, Y., Koide, T., Tatemoto, Y., Uchida, 5., Noda,
K. 2002. Effect of particle diameter on fluidization under
vibration. Powder Technology, 123: 69-72.

[6] Mawatan, Y., Tatemoto., Y., Noda, K. 2003. Prediction of
minimum fluidization velocity for vibrated fluidized bed.
Powder Technology, 131: 66-70.

[7] Ergun, S. 1952. Fluid flow through packed bed columns.
Chemical Engineering Progress, 48: 89-84.

[8] Xu, C., Zhu, J. 2005. Experimental and theoretical study
on the agglomeration arising from fluidization of cohesive
particleseffects of mechanical vibration. Chemical
Engineering Science, 60: 6529-6541.

[9] Xu, C., Zhu,

fluidization

J. 2006. Parametric of fine pardicle

under mechanical vibration. Powder
Technology, 161: 135-144.
[10] Barletta, D., Donsi, G., Ferar, G., Poletto, M., Russo,

P. 2008, 86: 359-369.

111

773



107

UVa Y
Uszifidiau

d‘ v A Jd 4
¥o ana WA WY MyauInsal

W o U v =K
sviailszaninfinmn 4812121

) =
M AN

a d' (¥} = d' o < =S
e yoaau Unausamsanun

AAINTTUAAATUUNS UHINOGIAUAIUATUNS 2548

AAINITNIATDING)

MISANNNIHEINTHANY

Fudad magaunasel, AeAtun uarTTa Lay wgning alinluas “naveq
msduazifiendnaneauimgaveamaiaigdalawiur  msdszgudnnma
SAINTIUIAA TN NG IREAUAIUASUNS ASIT 8 W InedoasuamASUNT  22-23

U 1T 769-773.



