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Abstract

Recently the demand for spray drying increased tremendously in the industries of dairy
products, detergent, coffee extracts and pharmaceuticals, etc. in this country and a large number
of dryer packages have been imported. However, in order to reduce the lant cost, it has become
necessary to locally fabricate most of the plant components except the atomizers. The present

work covers a basic engineering design for a 20 tpd, corn syrup drying plant at Bu Pyung factory

of Sin Han Flour Mill Co., Ltd.
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@ Feed

@ Finger pump

# Raw material tank
@ Manhole

(D Cyclone

Product reservoir
© Burner

10 L.P. G, tank

® Cooling water inlet, outlet @ Turbo fan

2 Exhaust duck

® Compressed air
Ty, T4 Thermogauge
To, T3: Thermometer
Fig. 1. The schematic flow diagram of Bewen Spray Dryer
System.
oAi kA BETAA E%S 3 MR RE
1&t2- Tablel 3+ 7},



WEEE R SRS A Bt 159
Table1. The operating conditions in basic experiment.
Condition of feed material:
(1) Dextrose equivalent: 27.25%
(2) Moisture: 40%
(3) Ambient temperature: 24°C
e - o s e
‘ perature °Q) Air Feed
léun { Type of atomizer Time } — | pressure | rate
i (min.} T 1 Ts ’ Ts i Ty (Kg/em?} | (cc/min)
| 0 } 0 | 10 | 108 | 100 5.0 |
10 ’ 177 126 122 110 4.3 57
P 20 | 202 135 | 128 118 5.0
1} Nozzle 0 | 167 132 ! 125 116 } 5.0
‘I 40 | 188 124 | 122 114 4.6 108
50 | 182 130 | 122 113 4.6
| 0 182 132 131 116 | 4.2
! 10 t 188 134 | 134 122 | 3.6
2 Rotating disk 20 } 182 139 139 127 4.6 18
30 | 182 134 134 121 4.6
40 184 13 | 134 | 124 4.7
i ol 184 7 A St N
| 10| 194 130 130 121 4.8
3 Rotating disk J 20 | 199 131 131 121 5.0 57
; 30 199 131 131 121 4.6
| ( 40 196 | 131 f 131 121 5.0
| 0 , 196 | 131 ‘ 131 121 5.0
4 | Rotating disk 10 196 ’ 116 120 113 4.3 108
| 20 | 19 | 15| 116 110 5.0
T;: temp. of input air
T,: temp. at drying chamber upper
T5: temp. at drying chamber bottom
Ts: temp. of output air
o] fFEpol A ERF KIS BEFA HA B Zkol 27.25%9) FkHE A&t Aot
o #Et gigikd K S #RE Table2o] Dextrose equivalent 7} 50%0] A4 7 $-o &= 7j(

aAiel K& K 5% Fig. 20 53t
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Table2. Sieve analysis.
Vibration time: 20minutes
! Sieve ! Avel:a;lge ‘ Nozzle(Run No. 1) ’ Rot(all\tlion% %i)Sk Ror(z;\tli:g [SiSk l Made in Japan
M i particle - [——— . T E
esh | opening diameter ‘Retaining|RetainingRetaining/Retaining[Retaining Retaining"Retaining Retaining
| (om) (mm) & | % | & | % & | % | ® | %
100 ‘ 0. 147 13 | 5 3 | 25
0.118 13.8 4.2 ; 2.4 21.8
170 . 0. 088 22 37 36 41
0.075 23.4 31.1 28.4 35.7
250 | 0. 061 28 36 41 : 29
0.033 29.8 29. 3 32.3 25.3
325 0. 044 20 23 26 6
0.022 21.3 19.3 20.5 5.2
Passing 11 18 21 14
11.7 15.1 16.4 : 12.1
Total | || |19 | 127 | s |
o e LT R ORRE LB Bl e e
o P e EEESHC D HiEsh o
H L /7 £ =) = -z
: Y (1) BEES ERd ZEIS. NE =F
- [ / / ©  Rotation dlisk .3 (=] e L
L) el o Watd el &S AXAT ¥olE £
i < o s e Heha BRel BEE 4t DHEE
4 o) HFIahHe,
o e (@) geeme KoY MRSl Bkl HI B

TR
100 230 308 RS

Particle din-eter, (i)
Fig. 2. The relation between passing mass fraction and
particle diameter of corn syrup powder by sieve

analysis,

Fhoto,B

Fig. 2. Particles photograph (magnification 200)
Photo. A: Obtained by rctating disk
Photo. B: Made in Japan.
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3. EXEE #E
1) wEt 2
OIS

{58 WE - B KR
s SR ¢ 1, 450kg/hr
B 60% total sugar
(Dextrose equivalent=279%)
R 60°C
(2) 4@ 8&

AR 1 900kg/hr
Ko &8 3%
IR 1 5~5004
80mesh (dp<{1754) LIF 95%

(3) B
BRH : 760mm-Hg
A REE 1 0~5°C(AE)
30~35°C(4 &)

Fg B 2 35°C oA &K 80%
BT BATR - BFN KZRSR 8kg/cm?®G(170°C)

TR BRE RHES EEE - 80~90°C
B MR WA - 8% E

2) HE A BEX

SRR BEEE 15°C, MM BET 60%Z 3
Aok mEdA Ve BE BKRY BEs
60°C, R RS HEE 82.5°C, Yhinwee
Ee 60°C, #ae] EiEx 150°C 2 st3le}. &
MREERES W MRS 15% 2 S

PLES 853 AS Fig. 4o ZRstole.

o] Unit 9] #fFell LEIF KHER, WK 2
BHE BE donshd &% et 2k

Steam (8 Kg/em?®G): 1,939kg/hr

Chilled water: 12, 000kg/hr

Electric power: 94. 4dKw

3) IRHE

HEEE KWE SRS RE e, Y 9 Bl
9] HatE MR i (cyclone) & 4HE 3

1 23,75%%7 ke
<L urk

1Lz, €90keal/tr
%)

Feed & 1,450kg/nr |J11e02Ckear e T
hoisture » 40%
Temp, ¢+ 60 'C

\__ 7,\'\/ 160 °C
i iAir heater ¢ 1,0220,000keal/hr
L AN (1,120, 000xcal,/nr,assured 7 =308 )

Intake air 1 25,500kg/fhr (400D <
Density 1 p :x,ézzxp%g oR/min, atiis fo)
Koisture +" 1,0%

sture : 3%
65C ‘C

Fig. 4. Material and heat bolance of the spray” dryer

system.

Kin BN KBS 28 TRES Fig 5
smegeh,
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& el @,

@ Steam in, out

@ Air filter

® Air intake fan

@ Rotating disk atomizer
® Air distributer

® Feed pipe

) Drying Chamber
Pneumatic power collection assembly
© Main cyclones

40 Chilled water

@ Feed pump

@ Feed balance tank

@@ Product bin

@ Exhaust duct

® Air heater

Fig. 5. Flow diagram of spray dryer system.
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Table 3. Particle frajectory obtained by using IBM 1130.

Diameter : Initial Time ) Horizontal Vertica Mean Horizontal | Vertical
d, ! vel/gclty I velocity velocity velocity distance distance
B C Vho | ¢ \ v | oove v s X
5004 [ 5.0m/sec ' 0. Zsec Les | L7 2.24 0. 59m \ 0.14m
g 0.3 1.20 1.62 2.02 0.74  0.28
g 0.5 0. 52 2.02 208 | 0.8 \ 0. 64
1.0 0.06 2.23 223 | 098 1.69
1 1.3 0.016 2.24 2.24 | 1.00 2.35

1.5 0. 006 2.24 2.24 1. 00 2.87

10.0 0.2 2.95 1.18 3.18 .10 | 0.13
0.3 1.84 1.52 2.39 .26  0.27

0.5 0.78 1.96 2.10 1.46 0. 62

1.0 0. 09 2.22 2.23 1.61 1.65

1.3 0.02 2.24 2.24 1.63 2.29

% 1.5 0.01 2.24 2.24 1.63 2.73
20.0 | 0.2 4.48 1.08 4.61 1.94 0.13
} 0.3 | 264 1.40 2.99 2.29 0.25

0.5 ' 108 { 1.87 216 2.63 0.58

' 1.0 012 | 222 223 2.85 1.63

' 1.2 0.05 2.23 224 2.88 2.08

1.5 0.01 ‘ 2.24 2.24 2.88 2.76

4) 818 KB EX FGt
A EERE

(1) & &4
K g ERR AR
R &K 500u
freayr o] #pE:1. 16 X 10%kg/md
BUH, B 150~82. 5°C(Tair, In=116°C)
EERS s KTy KFE M AS
(Vs o) : 20. 0m/sec.
(2) BT 8k
MBS wd W EEe 3 Aoumyel X gt
EEE SRS Bt 2XTHSE  BRHTEHY
= v
Kol {Este H\PiIS R Cp v Rey-
nolds #{ Nz. 9] ®#= Cp St Ng. o BFHRE Y
R} &= graph BETHEE 37 Bt
e F K& FlAISE ch (graph & FE @&
BAMRZD?
Nz.=£10 log Cp=—0.842>log Ng.+1.456

ol
L

2hatEst M4 H3E 1876 6

Particle diameter, dj = 5004
3 {m)

Horizontal distance,

1.0

C

S

(%3

°

g

5 1.0

3 1.0 1,0 *1.0sec 1.0sec

q 2

T e

4 Uh, 0=2 Yh,0=5 e o 0=15

& > » Vh,C=10

; Vh, =7 | Vh,0=00
1.5

1.5 1.5 $1.5sec 1.5sec |1.5sec

Fig. 6. The relation between vertical distance and hori-
zontal distance for various initial horizontal velocity
(Vi 0=2~20) of the particle leaving the rotating

disk atomizer.
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Ng.>10 log Cp=—0.619%log Ng.+1.233

714 Nr.=dp p. v Vii+ V.2 1

BH #E Reynolds Bl A& wle Cp ol #
& yEMESE 2 —3s9l o} Reynolds 8t &
o (Nge>100)+= #EF2] 27 A

zev BRI 2 Kol MRS vy B
HHEHIS ubol HMEE/F Z3] B3] Reynolds
Bl Aoz ki F RS A = &5
s & F JAh

KTRE dyp KT KFEHES Vi BEES
HE V., BRY BEE . BHEY BEE o
2 ot WiEe Bk e oReR ¥
QAT

liorizontal distance, Sh{m)

(=]
1 T
\\
™~
A )
[}
o
\

Initial horizontal velocity of the particles

Fig. 7. The relation between horizontal distance and initial
horizontal velocity of particles for various particle

size.

dVe __( 30,
(22-) CoVza VY

,d‘};v :g(ipr—Lﬂaf)_( 4?)?2? )CD(NRe) vV,
EEE s R RS Runge-Kutta %10 &
Flmste] IBM-1130 BFEHE#= FHEA
B IR 4t = 0.002sec. 2 3e] FHESIE o}
HE MR S Table3 o] Fordlrh.
Fig. 69l & ko] 5004 RiT-7F RfTsE K
FHEE Sl EEEEE o2t KFSE B8t
o FRetg s, Fig 7olE KEo#Hal i
HEol BfRE oeislx KTl #iste], Fig. 8
ol & RFRaF AFHRES BGRE et K
Parel HEhe KRS

Horizontal distance, Sh (m )

1 | L
100 200 300 400 500

Particle diameter,d, ()

Fig. 8. The relation between horizontal distance and par-
ticle diameter for various initial horizontal velocity

of particles.
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Table 3 A & A& vkt 2ol (V0=
20m/sec o] 7-F) Kol 500¢ Q) RiFrt Fefrek
Bkl KFHE#E 2.88m, 0o FEstold &
el R EEEHE 2.76m o] 3 KT Bk
Fit 2.24m/sec o o},

i B EHEES] RS 0.24m 2 39l ¥
o] ER Dp & b3 o] ks AT

Dp=2%2.884+0. 24=6. 00(m]

IiREE el fkete] KiFol Mind EEER

S, > BRe] fHs EHES WE RRsH

A
4 {m/sec]

REe] w0l Hpe oh&3t 2ol kA
Hp=:(2. 7640. 317) X 1. 5=4. 616(m]<6. 00(m]
wheta] girEe] =27]E 6méXem = o9t

B. 72 InEhgE
(1) it fef:
R, KRR B
MEfE : % 400Nm® =& 425kg o] WHE
15°C el 4] 160°C 2 tn#k (74,=60°C)
PR RN KRR ER 8Kg/em*G(170°C)

(2) A mgY

72532 fERE K 1 25, 500kg/hr=880kg-mole
”’}%9] H#2- 7. 0kcal/kg-mole-deg. o]z
15°Coll 4] 160°C = In#hahizvl] LEF 245 Q&

Kt
Q=880X7.0X (160—15) =8. 95X 105 kcal/hr]

BOESE 20%E 3 WERE BBEI A&
Qa:[ = :j('é‘}—‘—i_

Qu=8 9210 195105 Ckeal /b

KRS ZRY BE & (Dim 2 oFg 9
Eig=y

(AT Im=170—"T1,=110(°C]

{EELRB U F 150keal/m? hr-°CJ B4 ol
AE 10~30) 2 3hd 2ER (EE mEF A o
Rl &3] kT = gk

Q=UA(IT) s

Btet3 st M43 H3E 1976 6%

6
c A= Q _1.12X10

- _ _ .
U m - 15110 o 8X10%m*3

C. Main cyclones

(1) & B
X, : Lapple & Ikemori &1?
BE AE : 15kg/min. o] K S 05
500m?/min.
PR - 0~500u
80mesh (d,=1754) LELF 95cut%
SRR AR R 1 5.0u

}_ r%ii‘

e

Fig. 9. Dimension of cyclone.
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Cyclone #(371) : 4
YT BE :1.05X10°kg/m?
HEBEHE 1 98% LIk
Ado) A FE : 10~20m/sec.
(2) 2Bt MR
Cyclone 3512l THRF© A BrEsZEst HEg
dust o] RESME FH SEER B 45 X
tw, BES ADEE(E) v E24E AR
7% RS oL 280 I E FE X
#3te] g,
thgol ol & Hfbo 2 NE 4.7 ‘”011]“
b 935 Haste deojxA] Fowl WEe
EAA oA REEE
Cyclone ¢] #E4[E= Fig. 93} 7o},
Cyclone ©] F&iHEE the-=F 2ol 3ty
£rF9) FiE p,=1.05X10°%kg/m?
AR #E v;=18m/sec.
SHEFRR R d,=5.0X107%m=~6.66 X 10"°m
R KE 1=2.08%X10"°kg/m-sec. (82.5°C)
SRR KRR d, = o R0 Fojzln
d,= | 3.5uDy
”PpHs'Uz
AITHRR R k3t R R
d,=6.6X107%mn.
H;>7D, } £ A lbel] K3
=(0.3~0.5)D,
(3) Cyclone o) &t
Cyclone & 4%z 3tgormz HEEBRE
Fi et g,
F—~—(500) 125[m®/min]=2. 08 m?/sec.]

utebal ARe go| He iE Bi=

B=H=0.30(m])

fEde A thol] k3he] #MAKE ohS
D | D, D3lHllH2]H3}H4
0.80 0.3 0.18 1.20 1.80 2.50 0.12

D. Cooling cyclone
(1) FEt B

Cooling cyclone A mol] A9 i : 18m/sec.

A B d, max=500u
TS WA ket oheat 2o
4g dpmax(psp, o
3!’;,!1(1/'1)(2\[;21,)!7) (15°C)
=2. 25[m/sec] {18[m/sec]
(2) Dehumidifier ¢ cooling cyclone Alo} 2] &
#eol =27
Cooling cyclone A 0 3 =18m/sec
Cooling cyclone ABE D...=0.2m
2 BREshd
Dehumidifier o} B# A& F,, &
F, .= (18) X (0.0314) < (60) =34.0{m®*/min}
=2,040[m?/hr] (15°C o] A])
(3) Cooling cyclone 9] =7]
FEaHiE ohg-ek 7ol I
0,=1.05X 10%g/m®
V;=18m/sec.
£=1.809x10"%kg/m-sec. (BH HEE 15°C)

V(d,. max) :

STRERR A RIER d = ok R0z ke AT,
3. SﬂD o
= TPPH;;‘Z/ (15°C)
RITHRELE T BR

d:=5.16X107%m
F,, ,=0.567m*/sec=34. 0m?®/min.
BLES) ol BN A SRbo) festel k@ B
fe Bhest Ak,
D, | D | Dy | B BB |

0.53 0.20[ 0.12 0.80 1.20 1.60 0.08

E. $H8 B

3% 1 Centrifugal turbo fan
255 520m3/min (70°C)
#T  Mild steel, High tension steel

F. 725 WA GRS

R 400m3/min (15°C)
Cost estimation 2- 58 LB
2 il gt

o Hkgg o
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4. List of Main Equipment and Mac-
hine with Specification!? 1¥

1) Air intake filter for dryer 1 set

Type: 20 units

Air flow rate: 400m®/min. et 15°C
Pressure loss: 12mmH,0

Dimension: One unit 500%500X50m/m
Material of element: Vinyl sponge

2) Air intake fan 1 set

Capacity: 400m*/min. at 15°C

Static Bressure: 200mmH,0O

Motor: 25Kw

Attached with air damper and canvas duct

3) Air heater 1 set

Type: Steam indirect heating with air finned
tubes
Air temperature: Inlet 15°C
Outlet 160°C
Steam required: 1.930kg/hr. 8Kg/cm?G
Main material: Air contecting part: SUS-430
Insulation: Glass wool (50mm thickness)

4) Disk atomizer 1 set

Type: Centrifugal Disk.
Sanitary type
Feed Rate: 1,450kg/hr
Motor: 22Kw. 2P
Main material: liquid contacting part:SUS-430

5) Feed pump 1 set

Type: Volumetric Snake Pump

Feed rate: 1.450 kg/hr

Feed dressure: 2.5Kg/cm?G

Motor: 2.2Kw. 4P

Main material: Liquid contacting part: SUS-430

Apabarer M43 H33 1976 63

rubber

6) Air distributor 1 set

Type: Centrifugal type hot air intake
Main material: Air contacting part: SUS-304

7) Drying chamber 1 set

Type: Conical bottom type

Size: 6.00¢m X 6.00m

Maln material: Gas and power contacting part:
SUS-304
Others: Mild steel

Insulation: Glass wool(75mm thickness)

Outside of chamber: 0.7mm thickness SUS-430

8) Power discharge assembly 1 set

Type: Pneumatic power collection with gear box

Material: Gas and power contecting part: SUS-
304

Motor: 1.5Kw. 4P

9) Main cyclones 4 set

Type: Standard type

Size: 0.80¢m X 3.00m

Main material: Gas and power contecting part:
SUS-304

Accessories: Rotary valve

Motor: 0.4Kw. 4P(Reduction Motor)

10) Air intake filter for cooling cyclone

Type: Rigid frame with filter media
Air Flow Rate: 34m?/min. at 15°C
Pressure Loss: 12mmH,0
Filtration efficiency: 85% (AFI Weight method)
Material: Air contecting part: SUS-304
Filter media: Fiber glass

11) Dehumidifier 1 set

Type: Chilled water indirect colling and steam
indirect heating with finned tubes
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Air flow rate: 34m®/min. at 35°C
Air relative humidity and temperature(Summer)
Colling Section: From 80% at 35°C to sat-
urated at 7°C
Heating section: From saturated at 7°C to
50% at 17°C
Chilled water required: 12.000kg/hr at 1.5°C
Steam required: 9kg/hr at 8kg/cm?G
Material: Air contecting part: SUS-430

Insulation: Glass wool(50mm thickness)

12) Cooling cyclone 1 set

Type: Standard type

Size: 0.53mXx2.00m

Material: Gas and power contecting part: SUS-
304

Accessories: Whirl Trap, Rotary Valve

Motors: 1.5Kw 4P. 0. 4Kw. 4P (Reduction Motor)

13) Exhaust Fan 1 set

Type: Centrifugal turbo-fan

Gas flow rate: 520m®/min. at 70°C
Pressure: 200mmH,0

Material: Mild steel. High tension steel
Motor: 35Kw. 4P

Accessories: Damper

14) Ducts 1 set

Material: Fresh air gas and power contacting
part: SUS-304
Outer part: SUS-430
Exhaust gas part: Mild steel
Comprising: Between air filter. air heater and
air distributor Between power disc-
harge assembly and main cyclone
Between air filter. defumidifier and
cooling cyclone Between exhaust
fan and atomosphere

15) Instruments and pannel 1 set

1 Set-6 point temperature recorder
1 Set—4 point pressure indicator
1 Set-Material of wiring and tubes between

panel and each equipment

16) Piping materials 1 set

Comprising: Sanitary piping between feed bala-
nce tank. feed pump and disk At-
omizer.

Steam and chilled water piping around each eq-

uipment (within 10m W X10m L)

17) Additional cost estimation needed:

(1) Building and erection of foundations for
equipment and machines.

(2) All eredtion charges and commissioning
charges for super rising the erection and start-
up of the plant.

(3) All equipments. machines and parts not
described in the above items.

(4) Spare parts

(5) Refrigerator.

5. &

oIl
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Nomenclature

A area [(m?]

width of cyclone inlet [m]
Cp drag coefficient [—]
diameter (z]

volumetric flow rate (m?®/sec)
heat (keal)

distance [m]

o

ternperature {°C}
time [sec)

T N YD My

over-all heta transfer coefficient [keal/m?-hr
°C)

velocity [m/sec]

hot air feed rate (kg/hr)

density [kg/m?]

viscosity [kg/m-sec]

=" g<

Subsecripts

a air
act actual
¢ cutting
kb horizontal
i inlet

T L liquid

p particle

shetEE H|143 MI3ET1976768

v vertical

tr

im

10.
11.

12.

13.

transfer

log. mean
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