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Abstract

The spiral vibration heat exchange dryer moves, dries continuously and mixes uniformly particles on the
spird hesting plate. So this system is adequate to dry the powder-type food materials. The mass and
heat balance equation is used to design dry capacity and water content measurement, sieve analysis and
vibration moving test are practiced to lay out the spiral plate. Spiral vibration dryer(300 kg/hr) is man-
ufactured and tested by Dashida powder of 4.8% water content at 80~85°C. The frequency of vibration
motor is operated 45Hz, 55Hz, 60Hz and the product mass per time is measured by digital scale. The
water content of product is 1.0~1.6% and the dry efficiency is 67.4~78.2%. The spira vibration heat
exchange dryer make 125~363 kg/hr of Dashida dehydrated with temperature consistency and without

dust in case.
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Table 1. Design criteria of spiral vibration dryer
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chart for design of spiral vibration dryer

Design Condition

Items - Remarks
Unit Value
Material Powdered Food
Flow Rate (F,) kg/hr 300
Feed Moisture Content (X;) % [DB] 20
Temperature (T,) °C 20
Specific Heat (A) kca/kg -°C 0.3
Granular Size pm 10~2000 Mean Diameter
Moisture Content (X,) % [DB] <01
Product Temperature(T,) °C 105
Ambient Temperature(T,) °c 0
Air Relative Humidity % 80
) Steam Pressure kgy/cm? Max. 5 with Drying Condition
D|_r|yelar:g Jacket Temperature (T,) °C Max. 160 with Drying Condition
Heat Recovery Feed Drain(T,,) °C 97 Feed to Boiler
— Frequency Hz 0~60
Vibration . _— "
Generator Generation Method Vibration Motor 1.5kW x 2 Right, Left
Vibration Absorber Coil Spring(EA) 8 Sintered Carbon
Corveying Inlet Vibration 20x70 Magnetic
Outlet Vibration From Spiral Hesting Plate
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Table 2. Balance of drying stuff

Item Equation and Solution Result
Xo
Water Content of in = FoX 100
Feed Materia 20 60 kg/hr
(w; = £
w 300 7o
X1
w Fox —=
Water Content of P07 100 0.006 kg/hr
Product (Wp,) 300 0.1 ’
= X —
100
Removed Water Wi =W, - W,
Content (w) = 60- 0.006 59.994 kg/hr
Weight of Fo = Fo- Wg 240,006 kg/hr

Product (F,) = 300 - 59.994

= JUxREQ 2|2z T2 AZF wiEA
2zolth L= 100°CIIM Eo| SWE=Z 540 kea/
kgelwl A& "

5719 v|EZ 045kca/kg - °C, A
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Table 3. Balance of dryer heat

Item Equation and Solution Result

Temperatureof  Tex = Tin—At =154.7-84.7

Exhaust Gas (1, Based 5 kof/on? Saturated 70
Amount of Heat v = WinlLe + A, [(T; ~100) 37335
to Evaporate +A, (100~ To)] keallhr
Waeter (H,) =60 [540 + 0.45x 5+ 1 x 80]
Amountof Heat H, = F, [\(T,—T,) 6,120
Loss Included kc'allh
Product (H,) =240 0.3 (105 - 20) '
Total Heat Hin = (Hy+H) xe 60,837
Demand (H,) =(37,335+6,120) X 1.4 keal/hr
Heat Demand to
Evaporate Unit  H, = Hy_ 60,837 k%;g/lf
Weight (H,) Win €0 ’
Evaporation - Lo _ 58

P! = =20 - 290 57.8 %
Efficency () ¥~ R, 1,014 ’




Table 4. Calculation of fan design

Item Equation and Solution Result
Ya = P9 = mp91
Specific Weight " RT  3kgn?
of Air (Y,) _ _ 35 '
(273 + 70)
. ) _ _MP 1
Specific Weight Yu = PO = 707
of Vapor Mixture 20 0.64 kg/m®
) T 273+ 70)
Quantity of
Vapor Mixture Qout = Wip - 80 93.75 mhr
(Qu) Yo 064
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Fig. 2. Design program of spiral vibration dryer
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(3} Sugar

i) Sait
Fig. 4. The microscope photo of sugar and salt
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Fig. 5. Schematic diagram of vibration transport tester;
O Vibration transport tray O Vibration generator O
Sample O Switch and controller O Electronic scale O
Gradient angle adjuster

ol% A¥gAs}
AEZ Agste olfztrel it
olF&EE HosldEd TSolE7|e]
125 60, 8, 10°2 193 HA=T| AWEe F3t
4= 24Hz, 36Hz, 48Hz, 60 Hz= WH3kstach A
Z7|o) Hgsok a17| wiiol JHEEA ] thgt v
AAQ Mt dAgFe o) BAIHE A=
Mass Movingell =73 7|58 Fo] 100g9] ANEE
S o]F AFI|el Fisted A7kl we} o]4=
o] A&E "ojxle AHS =43t
Aere A FANM RS Bl YIS
dLstet AFolty, TBR o|FA Tt it &
27} QA LR et dgel o A4
= Table 50 LIERfilen o] F A o]4zt=sl
&) st A% A#E Fig. 69 LERIITE Fig. 6
o A" 100gS ST AR ¥ 7 ASFR
HAs AZHE AR SR "ol AEe &4
)

2

tel 71538 Aol o|F&Ee Furt vol
A AA A Fadhe As & 5 o dge
o]&A] FuE 36Hzo Ao R Ligstth

ud YARETE AT HWe 2¥E 4ER
Wk olyg} 9ol AN FFEE Wi =k &
o BA7re| 7h4o] A3 70| ofelm g o)

Table5. Experiment Result of Vibration Conveyer

—

\ - Tested Sample
Aggleof " Conveying Speed Sugar  Sdt
ope N
Hz \
6° 24Hz 21.6 14.3
36Hz 64.8 41.7
48Hz 89.7 778
60Hz 129.6 118.1
8 24Hz 10.8 -
36Hz 134 7
48Hz 395 13.8
60Hz 98.3 337
10° 24Hz - -
36Hz 41 -
48Hz 20.1 53
60Hz 41.3 13.1
Optimum
Condition g e 134 138
Slop: & ’
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Fig. 7. Result of salt at 8 degree of vibration tray
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Table 6. Specification of design results

Parameters Unit  Capacity Remarks
Areaof Heating 7 5 Sand Blaster
Plate Surface
Spiral Angle ° 8
Number of Heating Shroud Height
Plate EA 1 50mm
Cross Areaof Steam !

Jacket mm 250x 20 Single Channel
Materid of Heating
Plate mm 2 STS 304
Vent Hole @mm 100
With Centrifugal
Fan Motor HP 05 Fan
Materia of Casing mm 1 STS304
Vibration Motor HP 10x%x2 Right, Left
Vibration Damper mm 7x5%x4  Coail Spring
Frame mm 10 SS41
Steam Feed Pipe @mm 15
Cylindricd Type
Type of Case with Two Door
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Fig. 8. Overview of manufactured dryer
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Fig. 10. Photograph of spiral vibration dryer
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