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SUMMARY

As raw ginseng should be get under the washing process essentially, The
quality of final goods is determined because easily damaged and difficult to wash
by the reason of compliéated structure.

So, it is very important to wash cleanly to the range of criterion without any
damage by washing and conveying in the process of washing.

Complicated structure of ginseng always make worker difficult to handle.
Especially leg and twig of ginseng are easily damaged by the trust moment when
dump of it is tumbling and rolling with mutual action.

Effective washing machine of ginseng is needed for solving the problems and
increasing merits.

This study adopted the technology for double fluid composed of water and air
which was proved more effective to clean than water only.

Adapted ejector for getting double fluid was possible to approach 20% volume
fracticn of air without using compressed air additionally.

Study of PIV(Particle Image Velocimetry) enable to design “"W”type turbulent
guide vane which induce symmetrical single direction turbulence.

Model washing machine of ginseng was c_lesigned and manufactured in
accordance with the result of flow analysis.

Experimental results of model washing machine was used to désign firm scale
treatment capacity. Washing machine of firm scale was designed by using scale
up technology of volume from the base of model one.

The results were as follow.

1. Identifying water pressure resistance of raw ginseng, Test of single hole

nozzle was performed as ejector feed water pressure increased step by step from
1 kg /em® ~ 6 kg em® with distance 30cm, 60cm respectively.

Body and leg of ginseng was damaged in a few seconds more than 3 kg,/ cm?



not only skin of it but also body and legs.

Therefore, Optimum feed pressure in case of single hole washing out was

appeared less than 2 kg,/cm’.

2. Model washing machine of ginseng was designed and manufactured due to
PIV flow analysis which showed the symmetrical single directional turbulent in
right and left respectively.

Washing results by using the model was come up to the standard as follow.

O Ash : Less than 5%
O Ash of acid non soluble : Less than 2%

Optimal operational condition was showed like below.

O Ejector feed water pressure : 2 kg/cm? ~ 3 kg, cm?

O Retention time : 20%=5 min

3. Applicated ejector showed volume fraction of air for water was equivalent to
20%. Numerical analysis was used to determine arraying, especially, staggered
array of ejector was adopted that could be done counterflow and little shadow

zone of turbulent flow. Equipped angle of ejector was as follow.
O Upper flow : 8, = 0°
O Lower flow : 6§, = 45°

4. Firm scale washing machine of ginseng was scaled up with scale factor 6.7
on the basis of the model and applicated optimal washing conditions which come
from washing experiment of the model. Stage washing concept was applicated to
be effective for ginseng washing as well as other species of agricultural products
like apple, grape, carrot, cabbage etc.

Because submerging time before washing was also very effective, The first
stage of composed three stage used as pre-submerging tank.

Second, third stage equipped ejector for washing, So, Whole system was the
batch-continuous with auto control of time step for controlling retention time of

ginseng in every washing tank.



5. The firm scale showed in washing experiment that the optimal retention time
of washing was 15~20 minutes and very similar trends for washing results about
ash But, ash of acid non-soluble showed lower than the results of model in due
of harvested time.

When the model was done experiment, Ginseng was siXx month passed from
harvest. So, moisture contents of ginseng was 109 lower than that of firm scale
experiment.

Because ash of acid non-soluble is almost silicon component of soil, In case of
a little time passed from harvesting, It will be attached very sticky. Therefore, ash

of acid non-soluble residue showed less than 1%.
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Fig. 2. 1 Schematic arrangement of PIV system

a2 2. 12 AH7] AES A MAEE Rolx gl Q2 EFHHR0H F
otz o £FPkFE 40718 A8l 48 52F LFMAE o] F=F sidch Q¥
A2 eFHIZIN A5 FTFHES I=F stalrh. AdAdMe tid

A)
RE LYVARZTo] AW £ doU o] APelAE FEIYE s A

ge o o

- 20 -



o] Bo]7] mjBo] AYPABES Asidtt, OV RPS AZ ALRYA
oltl. @WHL Argon-lon Laser& ©]-&3}o] Sheet Light§ At @HY Hi-8mm 7}
Hatol o3 FAare uglch

B8 Z& 408.7Tmmo]m AU Zoli 550mmolTh. 2ol 2zt 294 10742
BAxEe 50md S7Aeg wixstgon uiwte] WAy Fzel: 2zt 105m,
149, 7Tme) T Foth AAxZoldE =ZuXZAE U B 5& 5o 2
Fsled AE 4R WR W AVE 2AY 45 o}, o] RPAYNE Ealz

= RS Ax 2] thste] 0= ZETE FASES StQTh EY =88 BAlg
S5 35t B A sto] o] Hje] SEBEE AAY & UEF stgch AN
Soje AH4L AR oEamolA NG Bold HLET QHBELSES st
on ARAHNE LS 2AL SAEE YR42e $E 2Ysl] AN @
Zo) golo} PEE sl =3 BEA ATES IH3me F&FE AHEIIYL
o RS TYNE P- PR AYsact

Aol A BRANY] FHolA 233 k3] FEAE AZY 4 A=F 2¢
sheiet.

Fig. 2. 2 View of experimental washing tank

27 2. 2= AAY AEZRAELE HoFa QUrh
PIVE O 2 A 2212l HdE AFsty] $1T &3 50 FUYA o2 o]2olx 2

.21 -



o

By U ARG 2x1e] FEF o uppy] SN YFARE Mgt a2l
o] A=2E WEI 2HL A AZTHe ZAHHch F4 Azl olA 150, Jmn=
206pixelo] 3|3l QA= u]Fo] 1.0284 E3o u]FApr}t 2 1000]2E FF
o) pvcAQdzlol] B WAIE 213 AW BEAE 2% EHsIA] AFFHA =
of 2 I ol Azt dgog IA WUA HH o] &3 UEHi-8mm|
g2 A4 gYste] PIVEe] FLBREA 71531A "ok

£ 7Y Aol HA FEAE B85 FAHYAE K5 FUA
Choll AR 2B AFULh AZFFH 4 ©lolZ vfAde] g+ BESH]
#13to] Hi-8mm ZA3ATio] AAstACTE AYH F5FE thA] QAR S AA F8A
2)Ax| o] P}l FAAAAX T olujx] 1hn](DT3155, 640x480pixel, B&W)
S CPU(333MHz) o] BAE ZAFEo] WSt AMg3stgch. AYelM AHg¥ DI3155%
e JA7ISAZEE FFH A5 ofdEa AT E HE(bit)THE FoH
£ U LPRE upo] F= UL sin Z4F AAD] 24 ALY A=EY
o](CACTUS'2000) & o]-&start. 2 2. 32 f3o] 27 £/minolA AZFE) vi7 %
& LEepd Zojth, SxdE £&& 2 53 A e e AA 2}
Bo] Hasiy oty PEel 4B o] }PLoE AUZAA, HARY TS
A oy, 2X3E FPoE HANAS AR Fol {5 ATEEES VAl
B8PS 433

ANz #F Fol N 2 H|FE A= AL F2AA o] & AANE &
4 9l3= vl B A A (background elimination)o|tl. o] RE AFGFHoA UAIE AL
IZEAE AASIH A EHUAY FES 223ty Ae|gaded ZUY ko]2
g AAS 43 Rolcl. ol E ¢jsle d4H 50718 HAFLY ARE e B
w+¥ vhg, AAZE Atz sk ¢y e eeYy st WES Y
th 24 715Y doje 53 sieel AE 28t +BE KAlsIqof 317
o o el & FAoE e HAZLEE ZA "ok wely 715" 34
e Aoz AW Aoz AU =PI BE YAATE ARsjeol @
th. oield Aol A" Fol chEAd AZFEY ol HAHFHAE o]t
Hi-8mn Fiwlete] $1xlof o3t ¥ARFE Wit A7 B ALSgE A



AL FABH G stol AZN HIYVYS 08U FAYA FAF Alshsich.

a9 2. 4E HARAE 2E A4Y T AU G Azl thstel A(2-1)
3} e HITHBVALE o83t Hrh HBA4Y ANE S=UH FAYRE 3
st wie) WelE RelRa Atk © £, g & AVIAUY 2 piveld] AZAE
Julstn & BFE FUch

8 (i £ e 7)

Cp= 2 ;
\/ ;(fi_fi_)z Z\(gi—gi—)z

Az F3AFEE ALY o PANZ(SAR)Z FHFH(CAS)] HF &=9E
o] Alglident ohet AN e dFels 2 YA FBE At

(2-1)
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Fig. 2. 7 Schematic Digram of Washing Tank

2. Void Fraction

HH7 o e & TN FEUFY AJA3IE FUAA 37171 FY=
WA F&3] o] o] FoJX|A Hr}l AMH o] thdt F719 v|AF u]E Hol=g
(Void Ratio) 24 Uepdcid MA =2t 7|8 JZ o A&zl £t o]
22 MAgel Fr|3e] Exzte 42 AE2 o FPo A Balx = o]FaA]
oA e FEAels EXsta cidsly] wigol o|[EF o8 3= A2 ALY =E7Hsdt
th 23R AEHos T thedyl MRSl AR e AP FF
off &J3fA Hol=&E Pk WHE AYstAch

olFAlolA & MA£ FU1Y BFAEE AE tiEA Uehu JAY &=

Us 4 FYERE Hol=&L2 g Ao2HE ARHLL
_U_ G _
a= 7 AP (2-2)

.28 .



A7 SAKL f= gy & 018

A) (2-3)8] Z}E Flow Parameter® &Y 4 9lrl.
ARt 27)e] HIHS BAZ Uyehdr]l ¢std fAle] &xH|E s(phase

velocity ratio)8} ml71g] @ &% (slip velocity)7} X} o] &F o] ZT}.

_ U, __U(l-0a) 2-0)
U[ U[d
U U,
— — — L -
U= U~ U=~ 125 (2-5)

olE2 Zh& ¢W A (2-4)224H 9 U2 ZBE & Utk

@ U+ sU, 1+S(U1/Ug) X+S(1_x)pg/pl

&zHlE A(2-4)ol & 4 deuket Zol vt T2 AAMe] FHHEch

(2-6)

_l1—a X L1 _l1—a B _
s=—— x———l_xxpg ~— Xl—ﬂ (2-7)
2YEES Bol=gg AAsH] fslME Bl B4R, &uH], nBY 4E 3

ol |AE F3hd Hr}

Rol=ge] B3 2u)E metsirl flsiAE 7], A nEd = NEE 3§
st Hejsich

Peebles-Garber'”= 21725 4mn R x| FilollMe] F7ixe] FAAMNSEEE 7|X
o] EAtL ubA O Z 0.6~7.5me] Mol sl og RA sjolA éfzga}gic},

7|22 L5 7|22 Reynolds4 Re,,=2RbUb%9—} A A AFold 1Y 2.

83} ol 471z 2 B/l Zzte] Hglol NEASEE A3t A (2-8)3 B2
AEAE AL gl

=29 .



0.4

]
~
% 0.3 | O
g ! \QQ
P . ~w
£ t Water(20T) ~e_,
8 @),/ TS
S 02 | (] S~ — (4)__‘__________
G p o=~
'

g / Q = -
@ 4) Ethyl-alcohol &
8 0.1 Cotton oil Mixing
j’t’ p#y=11%10"3Ns/m*

(1)

O : | 1 1 ]

Radius of Bubble R, *10°%, m

|

Fig. Z. 8 Ascension Velocity of Air Bubble in Liquid Pole with Rest State
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A, = Vb(1+10,) (2-25)
od71o)A b 2nd Mixing Zoned] T Aol thg} 1st Mixing Zone?] THd 3 & U3t
t},
Al (2-24)3F A (2-25)& A (2-21)0) tiYste] FElR]= 1st Mixing Zone3} 2nd
Mixing Zone &72te] ¥ Z3sh:= theat gt
(P, — PPA,—tA, = 0, V,’A,— 0, V/ A,

= 228 [(vp1+ 7004, - V4]
= L8 261+ 9004, - A)) (2-26)
2
P,— P;= ViA.(+120,) [{6Q1+90)2A,— A+ 1A, (2-27)

Q
Q=Q, °13, Q,=A,V,  Uehd 4 9oB2 the 4 (2-28)0) #=Ho}.

FAS

TA,= k 5

po[ Vfb(1+ ”@o)]z
2

e 28 (v 1490,

2

=k

. . 2
_ k- (1470, 2[1/Vf1{(1+77¢’o)] (2-28)

T 7Y A& o] &3t A (2-28)& A (2-27)ol thdshA

2
P.)—Pf= Vf (1;”@0) [{b(1+77¢)}2Ao— Af]

+ BLEIG) 1y (14 90,07
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2
_ v (1;7;@,) [(6(1+ 70024, — A;— £ (5(1+70)V]

= ZU(b(1+ 700 A, — A, — £ (6(1+ 20)}?] (2-29)
A7l z= LLULI0) gy

F719 ulFF2 Eoll wisled 1/10000] 3fPE= AR TYM W 1st Mixing
Zone, 2nd Mixing Zoneo|A 2] $58F o|22 VWater inlet / Water outlet ojJ#E{2}
Zosict. ©t, Vater inlet / Water outlet o &Ejob= FYFel F271 iy F7)
U5 A2 ey WETF Ft

oldelo] gojA Fay W4 Fu] Qp o HAHH] Ap 2 7Y tig3} ol
Beldct

_ Q@ : .
Qr= 7: Q; N Q; (2-30)
Ap= 2L (2-31)

A
Al (2-30)0l] Q1M ¥y = ¥IEFRE Q = AFY /AFS vehH A (2-31)Y A
=279 44 U7 Aol A, = st Mixing Zoned| T3S Uehiy
AERAY G Qp o FUBA Q4 O UYL Qr=Qut Qs £ A (2-30)3
Al (2-31)& o]&3Pd S Zo] yehdth
Qr=A,Vi(1+ Ag) (2-32)
Je83 FEHA B3 27 T ol FAJ FAHANE f AN F, 1st
Mixing ZoneollA Zte BIFH4 V& 2] (2-33)3 th

A
y vyl vy o V14 (2-33)

V2=

A7leld v, & AERA i AFolNe Goltt
AME 27 FEo) &EolA B o|FMI ZE BIKS V, £ 4 (2309 2

o] Ueptct.
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V= go =Ar(1 - ARV, (2-34)

aga oAe dAe] gl ¥yl N 2 4 (2-35)8f Zrtl

Po_Pf _ (Po—P/)
Pi—P,  (Pi—=P;)—(P;—P,)

N= (2-35)

4. A BA +U43 AN

FU AM7HEZ RN 835U MY Sof olFAAM AW HEY A2
dol AA7IZ2M &g ol 8% AXdo] YNOR NHFE T4 ER] SHHS
AA EEES AAANACL Q7oA Lt AH4US 3719 TYUHINAL A9
7ol b Uit

A 8olME 2he/om’E GBI QLT Folo] Asjria Six|vt AA 3I1F
ol Azl, +, AFALE H3AIEN SHFEE Yl A AFHeUAS A
A AFApE wAY 5 ek

EE Mustaat ste AY7ie ¥y $RALE APA2E AH4rt Al
on] F71Fo] ohd 528 MH el FI|7t EUHE olFA WUYRY ARE
gk 2u $AAYA UIY £ g &4 HRFE BIE] A @F
8mm, 10mm &g 25t BAIAZE 300mm, 600mE 2}z o] E3tHAM E&UYS
1~5kg/om’Z AR FIEAA HHP =Y SFPYEE 45T

AR+E g AFle =& FFe SEAUAY FET 7 wfEe] AdA=
SatEde] gL YL ne Yoz ‘99d $5YVe £ite] U4t Al¥el
A thest 22 Y 23E ayrt
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Table 2. 1 Resisting Water Pressure of Ginseng

+U( kgl om?) Az
5 AZEAH AH7Hssh nE
10 v AP LS ARGE
15 HHEAHS AH s AGEAA] njatRe] mhe
25 AF G FAFH &
80 same

X 2. 1004 B uie} o] £4te] o] AAZ AEEo|A= £l o7l of
Fofl MAo] 10 ke/om® BETF Hojof Tt Tt o] F it ¢HA EEI}
"o gk ohel tid] AA+E FF3H7] AsiMe dul W 288l Ao
A syt glong FAY ALY oM EAFe] "t JEE HAsY
of iyt A& Y =FF2 YT BA JoBE JE 83U FAAY
71 o] Ao w3t F&A 77 asicl

Agols Hr) F35Y 20 ke/om® , HTh EEF 0.27 mmin, 755 18w 4
¢ ERE FZE AMEsle) #U3 /3 AHELE WA stgch

E 2 2& 9973 AA=E AEZ2AE Uehdx gich

a3 2. 103} o] ©7 AdFo] FAH BAlele VAR 749 AXs
B2 AFel =& UT7H0 UYAE AAHAT H LY UL =EYFE HoR 3
ek ol o yvehd {7 U K52 233 KJAE o183t FFsgen AT

diolele ¥ 2. 33} Zrh
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Table 2. 2 Experimental Conditions of Single Hole Nozzle

. ( 2) Nozzle Injection Sample Number
ressure( kg/cm Diameter(mm) Distance(mm) ’
300 1
8
600 2
1
300 3
10
600 4
300
8
600 6
2
300 7
10
600 8
300 9
8
600 10
3
300 11
10
600 12
300 13
8
600 14
4
300 15
10
600 16
300 17
8
600 18
5
300 19
10
600 20
300 21
8
600 22
6
300 23
10
600 24
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Fig. 2. 10 Experimental Apparatus of Pressure Resistance for Ginseng

£ 2. 3014 =307 Uo] SUsh] wiEol U7 sml} 10mol N WA olxE

843 fUe A A Ushixm Bxe] ghattiel 22MRAY 33
FIQUEE ofzke] xjol7} WAIE oL},

2qk0] Z7MU4E F4E Z7iElolAT P8 RN Qlom 49} 1 kg/omPol A

6 kg/cm*7HA 34D B 42 0.16w/s, 0.22n/s, 0.26m/s, 0.28w/s, 0.34n/s,

0.37m/solm 1 kg/cm?®, 2 kg/om* 2.2 44 A5A17 B | °] 13 A 57t
sl 2 o]F 0.2 w/s~0.3 /s FEE F7I5IHLh
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Table 2. 3 VWater Velocity & Quantity for Variance of Water Pressure

;zzgi: Veloci ty(m/s) |Quantity( m®/hr) Eiz;l; Velocity(m/s)|Quantity( m>/hr)
1 0.16 1.3 13 0.28 2.6
2 0.16 1.3 14 0.28 2.6
3 0.16 2.0 15 0.28 3.0
4 0.16 2.0 16 0.28 3.0
5 0.22 1.8 17 0.34 3.3
6 0.22 1.8 18 0.34 3.3
7 0.22 2.2 19 0.34 3.6
8 0.22 2.2 20 0.34 3.6
9 0.26 2.4 21 0.37 4.1
10 0.26 2.4 22 0.37 4.1
11 0.26 2.5 23 0.37 4.7
12 0.26 2.5 24 0.37 4.7

dgl5l %o A9 =FZH wel oA% xjolr} Uehtedl A% 8me] -
Sl M= 1.3 m3 by, 1.8 m3/hr, 2.4 m®/hr, 2.6 m®/hr, 3.3 m’ hr, 4.1 m®[hr ©]A|
ot 10m =ZoME 2.0 m by, 2.2 m*hr, 2.5 m®/hr, 3.0 m®/hr, 3.6 m*/hr, 4.7

m /e Z7H8 By At MAS5UR 6 ke/om?e] A= 5 kg/om® BTl 0.9 mdhr

fago] 37318 BArh

7t A &S o8 &4 2 A A9

2 Age olHE £F4 AX7Y AUz 280 V12 ARE WY FY=EE
A AES Foto] F4te] E4E UAY £ A Ao AU AFFEE 248
7] $15te] AAlstdct # 2. 4= AR Y Ad¥E2A 2 Z23E vEpia ek

e HEHE AEE :=Fo] AP FAlAL 4] FAUFL AT Holx]| U=
th o] AL 4d~6d2 F4 Vel AF WFHI sl Hd=EEAL] 3

N %atel 8ol 4943t 4BHAN 4 Aol AE RolA Y Aelth
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AHA 59 3kgs/om® ol ol 2 oluiel #4te] v W F, theld A
HHEQl mhEo]l oW 6 kg/omPole AlHo] Eilste] m) zAnih £4E 1
kgs cm®R¥l 5 kg, cm* A 1 kg/om® BALE B5NY RS HE AHELAI

Haste B¥E E4siglch

A
rlo
i

Table 2. 4 1st Experimental Conditions of Direct Nozzle Spray Test and

Resul ts
Conditions Results
Nozzle Dia. |Spray Distance|Water Pressure| Moisture Ash(%) Ash of Non-
(mm) (mm) ( kg/cm?) [[Contents(%) soluble Acid(%)

1 76.1 7.85 1.51

2 69.1 7.69 1.65

300 3 73.9 6.88 1.05

4 75.5 6.90 1.46

5 73.6 5.04 1.39

8 1 77.1 6.61 1.86
2 73.9 5.55 1.50

600 3 78.7 6.11 0.92

4 75.5 5.55 1.50

5 74.0 6.75 1.14

1 71.3 8.48 1.85

2 71.3 5.64 1.50

300 3 78.7 5.21 1.66

4 74.8 5.19 1.43

12 5 75.2 5.10 1.35
1 73.7 7.05 1.88

2 73.0 6.93 1.82

600 3 70.7 7.08 1.74

4 76.9 6.85 1.44

5 77.2 6.95 1.67
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A 2o ot 23t 441 SIS FA FAZAKAAGY, 1999)0) A
wre] mo] 71&Ye] HE tele Ruvt wAEE FEE &Y V&R X
gom ol AR St Axlel oA AEFHAC

Fig. 2. 11 The Picture of Damaged Ginsengs

29} Z71A] MF &= Z7EY 3 kg /om? olAY] FUddME 27 2. 113}
o] 2ol E¥= BEE BT tiale Aol YoURE 2 kg//om? ol8te] $4o]
AP Aog ey}

B Ee] AS 5wol3tr} Qlatatdy B J)Fol XYUHY E 2. 4o T AY A
ol BEAA Yzt Auvtg o Ags| njFY Rog UVekdch 53] 1 kg /om’3
2 kgl omPol s BEo] iR e A Uehlz 4o 34 najrt 438
Yo UH= 3 kg,/om? ol ol BEuto] tha ZasAT & olE o] 24
T} olRE 4eate] TRA EBaRl Mok 4¢tu fao] TAF nxx| Edls] of
Bog mittgolzn A4 kZo] 3 Mol 2213 $2tgo] wHumletol Hct
B 4 9t}

I AHELMIEL g EQHEZ F2o PEHY it Hels 5E3)
FARC] QA okxnt UubAQ okxje] AL 2058 1 J|EoE 7] Wi

3

fd



1

[N

EQEE AAsYL AP &AM} =02 & 4 gtk
T4 Ay Ee BAl, 7 &S £ 4 HH o4& FF5] 48

e 5
A 3% 2. 103 g =EEA AUBANE 2L E 2. 37 S 2AsIN Y

LA

& 33 A3t 3 kgfom? olFANE 302 ool 44t AAel thR Eado] oo
A3 L kglom® o1 HIME 271 A7} SholRA AEHIA 2 kgfom® olUiFt AF
A% gre ol YF gk,

A 24 A FaF

1. dALE

7t 2A4 4o

2Adg e A it 2ol FelE 4 vl LT AFHRAA HHH A
© AT A BE o83l A FUY EZF TE ¥ e AFY FH
£ A BHIY7IY B3 dAL A (2-36)3} Zol EAIY 4+ rh

Qa _ Qs _ -
Na2a N 7828 = Ve (2-36)

A7 Qa, Qu= AR FALHIH L (Ke)
74, 7= AAEL0] VAW RIS
SIA, 2B= AHo] A2%E AAAA olth
oA71 A A, BE ZZte] AelsYo] Aol¥ $AMHIE u|3tRE A, B 44
H7lo] &3 walo] BUSAL Ae] fAlstd A (2-37)34 ol FolA 4 gk,
4= 1B (2-37)
ol2} T Zfol M| AT EAHHIE HAVIEL Adethd BEE she 4
A Qpoll Agste AMYY AW 3, Ip & okt 2L BAES Yehdch

%*2A=ZB (2-38)
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S8A], Aoly WAl SAAT|N ALY BAL A, B 2 B OE o
YANE X, Xp E AN4 % B71Z 749 olFAY ¥ Na N2 8o 2
%3] o) %A ARVE AAN AH X°o% Urhid o2 MYz Ao 2t
2} wlaict,

S A B SAMAETIGIN Fte BBoE aestd B o A (2-39)%)
o] W},

Q4 _ Qs
NaX%  NpXi

=7 (2-39)

o] Ao gRE FUY FHANIY HY WM &g3te A=A o]
chsid s EEY 4 vk A7 dAE 3 434S vEhdEe d
she Zo] 2313 o] AL Aol tisiME FHdel F¥E mHch

P AR TIE MAstaxiste £ale nQdgde] ¥ YAEH BT SF
$) glo] 83 to] o]Fo] A uf M EZol A LERIA Hrh

BIFAFAIZ tls] M7 FUARN 272 Awlolo] o|FA2A 7XE ¥

stetl & o|AL t = f (W X Yp)olw F o447 oY, ol4%t Agl, ¢
2 Zole}l 21zt VAV 9o FIFHOEE= t=’;‘{23'§ I RTE o] RS F£AMA A7)

o] MAAEI 383 BEXo] EYTH: 7Pl o]Foj EAA BAMCIR
2 2A4g 71&3 & ool MAI|Eo] HRE|Fo} )

B AY3xo =tz JHAsIES o AF 25U Ve BEAA AXHR
& 448 A25E ARSRY Qo] Famsds ¢ 4 Ytk

agE2 2A4Yd g 71Ee ARAL Aol RAANY Y MAYFEAE Y
A AAss Zo] BBty Fasicia ¥ 4 gtk

wy £AAH Y] 2Ale] iYEE Az oo g4 FFHEE, AHEH, IR
B, fUEd, oj44+F w4y, AN 5 AU 227 i ¢ASE I8 &

Adgo] o] Foj#o} it
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2. ojHE +734 +A3Y

FAH7e M B MAHINY 2P L FPolIHE Ao F5FE B4
AlZJom PIV(Particle Image Velocimetry, UXIFAFEA)E FH-83lo FATIEL
2 4=F A AL, Femse] o2 &0 % A3EE =298 5 32F
o2 EAFIGCE ol2A AA7| Y tiFAA Ty efwel Fdol ciste
g 4 AUk

AzEo g AzE MF7IY F9 MY Y Rl Fele &AY 43 43 #
8] 24& dPos Qste PIV FRL2 AL 47 Fejet wif ke B3
£ Ho|x gith oHHE B o|FAY PP sty U /AA ENHE T4
3lo] AEE B2y = tlE yelo] o4FIF FAEE, oAE e x| ujdel o}
£ A3 = o AolstAl Uehdtt

ojg} L AFFolA AZIEE oHEY wigt AF EIY FUL LotRJ] 9
&}o] CFD(Computational Fluid Dynamics)E o] &3lo] 33 waAlg B3t &5 3
A& Atk

AF 7o) FUSEE ol FAY F5E 337 ¢35l Eulerian FZ WY ol &3t
FAlY A YRS FEIL FEH HoE PFAE 27 AT sdeE AF
A AElo] o]ArshbA Al(Discretization equation)E EURTE FEH olabzhuA A

2 line - by -line TDMA(Tri-Diagonal Matrix Algorithm) ®}E A4ibHo] 2j3) 3|&
281A 9ok ? =3 GFE s fal YREES -5:-‘23]'3’- g Aol LiE}
e g3 $22 AAEAE A3yl ¢13] SIMPLE ¥3e]| &S AH8Sigict

7. AR
) @k AupE

4% oux], 3}3}tEe] Zak(mass of a chemical species) T2 HEH S UEe}
e Qub AR A3 0t T HolA whe] A k] A" HIste

gag, 2Llo) oy agel Wasith  olt §E3 Yakk(flu)ol 23t W2}
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2kz} Aol 3to g UehjolAct. g B2s AAAefe] 7 -§o efflux®t source

—M at = —V '( T convection + T diffusio") + S (2—40)

9 Aold ok WE, ¢ &= U], AFEE, dFAUA & UehE

tre| zlafet FL&H4 (dependent variable per unit mass), 7%:— 49 +5

(convection)o]L} Aak(diffusion)o] &3t flux, St %H9] A|ZhH, el AL of
W ool A EE= AEE Uehie A4S vehdch
Al (2-40)0 4 SEol &R flux, T comectin™= U K5 puol thsl ofelel

Zol Fojlch.

g

] convection — p_Z:QS (2'41)

Al (2-41)2] Q2% divergence® UERJo|z|:= S 3te] Ee|3 gn:=
divergence?] FojAlozHE z}HE3tA thel Az, we AAY 1 REAEES S
BRI ofE B2 effluxd UEhdS @ 4 otk

(oud) = i J s aa (2-42)
v leud) = Im, [av

o

Al (2-42)0ld ue &= dE, A: W3, Ve A 27 yehdth A
Hg B3 wpALIZ PolEE Al (5-10)2] LEF o] BEITI Bl Rosiol
1=

A (2-40)NAN  Jygpont BAY fluxE Vbt ol& theat e HAe 383
o Utehict.

Newton®] A4 ¥H ¢, = —u(-‘g—’; + g—z) (2-43)

o) A (2-43)¢ UNBFER4 4o} VA I'E A8t QB3 A7)F ol
A} (2-44)3} ol UrehfeiAch,



" Jaippusion = —I'V P (2-44)

A8 A (2-41)3 (2-44)& ol-B3to] YW Fehe] AuPYAAE unsteady ¥,

convection ¥, diffusion 3} I2]3 source ¥ T Lleld 4 it}

—a—%"?@ +v-(oup)= —v - (I've) + Sy (2-45)

BAOENA S5 ook HaAs I, B8Pl tisted 3 AaztEA A
ElVE ® 2. 59 Zth

Table 2. 5 Diffusion coefficient and source term expression for 3-D

rectangular coordinate

Name ¢ | I'y Sy
Axial _ 3, odu\, a(  dv\, o _odw\__op
Velocity u | K |5y (#eff x )+ ay("eff ox ) t %z (#eff ox ) ox
Vertical | — | Lo | 5 du\, o v\, 8 dw\_ 9p
Velocity | Y ox (”eff Ay )+ ay(””’ dy ) + 62(””’ oy )_ dy
Horizontal | — 3 du 9 dv a_ dw ap
Velocity w | Her ox ('ueff 0z )+ ay("eff 0z )+ 0z ('ueff dz )_ 0z
Turbulent u
Kinetic b | =L Gy — pe¢
Energy Ok
€
Dissipation c K oefr ?(Cl Gu — Cpee)  for Standard k-¢
Rate of k 9¢ | 2(CiGuy — Cy0e) ~pR for RNG k-
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ole} e AukA Helo] AuiuAAlS 3xldol st RYUAEY U FM(finite
difference method)& ©]&3} ojxkz}sld A(2-46)3F Ll

apPp= apdrt aydwt andyt+ asds+ a;ds+ ayPp+ b (2-46)

Al (2-46)3} o] ¥HE o)Aty H A S line-by-line TDMA(Tri- Diagonal Matrix
Algorithm)& o]&3}y 3)& 3}ttt

2) UF =Y |

dolgz4r} AR 45 RN GRE HolPe] HHY AFE UehiA
Urh GRE FAALLE AW PY 4+ At 2L AdolEZz4 chamel F53

£ TeR Fool T, YA H5 NS WA AW HHoE Bt
stk #MAFE Ath7h B BACIE Navier-Stokes B Ashe A2 &
el Aetg WeTh  olRS IRLES TN ofF I olriel AT 24
& AFSA ANY 4 g7 BRolth meld WAL AN $HOET IRE s}
7 AANE FRELS =Ysfol Yt

URold BelR 4o B¢ Al (247)3% o] BN

¢=o¢+¢ (2-47)
p=L ["gar ol ol Nl eysd F = oItk

g HZAC ciste] GFe A Qi AEFALS 28 A (2-47)& HESt
of Tl ol EAHM,

5?;(;;;) + -a"’;(‘pm + 2 (oww

- o) BlortE) o)

|+ j—( ~a—“’) ~ 90 (48)
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2 (oun) + aiy(m) + L Gwo

Vipu-u) = vipg+pu)vu + S; . (2-51)

Si= Vutu)gu— 48

AazEAe] Ut QRN % v, w o AMBEAE QAo AR e
JFA RE A% YHS Fol oMHE Bt WS ST AFJ)el FUYE
2 olot RL AT 4R BLE AN st UF Edlo| WasA Uk IF

B2 x—¢ GFELS FHE3loct

71 x—e HHEY
x—e $FRUEUL UREFS Al S5 AAY3 do] AHAY URE %
B3 e] $FEF Sh= two-equation BY2] dFoltt. & YR Folyx] #Eytoh el
A 2

AU (L4h)e] it 508 AE Frh. Fdol g3l 28HE dRoUA &
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= T (2-52)

k2t ol it 5332 GRAGASE ot Jlestart

Ok L ok _ 9 (#e k) (0w  du)dui _ _
okt ourdh = (BB (G G e (2-53)
de de. =0 (#: de Cruse (Ou; | Ou;\ du; C, pe* )
O3t T P%iox; o, (os 8x,~)+ k (a,x,- + ax,-) ax,  k (2-54)

¥ +F B4AS p,= Prandtl-Kolmogorove Ao oj3f whe] AP i

U] kSt ko] A4t8Ql e0.2 Uehjoldrt

2
o C R (2-55)

K = c

9] Ao Uehd ZEASES ABUolEERE theat 22 Ftol del ol &Ha &
t}. C=1.44, C,=1.92, C,=0.09, 0,0.9, 0.=1.22, EJ IF HGAST pe

k9t eol tidr xuj YFAE FESIL olo] Uit fE FHLZA @ojHrh A

(2-53)0]l4 kol th¥t £EHA — pe TANAY 2FoUx|Y #AE Uehdch
9 AolA kSt eol TR BA AsE fold 7 UF AY AL 45 OF

Prandtl/Schmidt £ Uy S Adol o3t 4/ it A4S ¢ 5 drh

& Pr= 2, sc= 4 2 FolAEZ URIN & YL IF Pr,, Sof

gd JRoMe o2t DE ZZ ¢ 4 Arh
UE HE SZoux]e] My AW ZojA Tl T Hazte 6,2 ¥HIE

b ]2 U a5y A4S Ul A2 i aF5dUAs fA9
THEAA 2 dUAE Bttt & 4 deBZ fA2] £ Y(dissipation
function)7} 8% ollv#]2] e AAH¥e R EAHTIL 8 4 AUrh
43 P4 otel] A (2-56)2 EAJHCE

1 du; | Ju;
?= 22‘2[(8x, + ax,)

2
2(v -"&)a,-,] (2-56)
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eddy-diffusivity 2ollA] turbulent scalar flux term& T}S2} Zrol 7}A jich

£ 09 (2-57)

—eud = 0y 0%;
A7NA o, AAURYAFA A Prandtl 2 3}8F-9 g4y o= Schmidt
£2 Yehdcl, BE dFoly o] F £ AL 1.00] 7hzich

ol= BuAOET Ya] RIF| Yt HoT BN k- ¢ Buolaka Halch

3) H¥<4(wall function)

el ol HE 29 /52 SEuit 27 wf o] W AxAEE Ue
2 gt 2} iy AN 3 EE s A2 7 AR elw 53| 3Ad A
g A oR Y Aol " SAED AA AlAt Aol A7 FHA] AHefol o] H
S Azt £ €9 ot k. 28BEZ 3 IAMY FAHH2 5EHY il
27

W ZA oA FAe T8 PAE AP B viscous sublayer, buffer zone 12]3L
£3 7 992 logarithmic region® FTEEHM F& FolA FHSHA HEYh

& Hz|5}t7] )3 EE parabolic boundary layer }EA& Eo] 3|Z2H +x=
9Ix|qt spatial resolutiong $13 WL ZAz}49] AHS AFEH &Y F7het CPU

A7) penalty® ob7lAld Bt ohjeh RALYE AHESHE FPol JlstEa

o]

HF38E doF(o,control volume?] large aspect ratio%) 42|34 e] Er4d3t
89le] Hrx ¥l aHEE FHEA ul®E £ {4 (vall function) Yol o
2 glch o] W2 &d GRAE g3 HEe dZAAI= 9¥E YL
o] wp.e w2l ActH L &3 law of the wallol 7[Z3F FH2}3Q Q;——+ A4
£ #gslo] WA ZAo|AY = BEE et
a7 2,128 - oMo A4S 1Y o HojA2] pseudo- friction velocity

u & ofefe} Lol ot}

w = ()" (2-58
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/7

)
b, ssssrsres. 7. /

viscous sublayer Uw=0

buffer transition region *o—

fully developed
logarithmic region

Fig. 2. 12 Velocity near a solid wall

PAY WSS THY 4+ Uk

212 friction velocityE o]-&3}e] olzje} T

¥ ZAolA AL 4](2-59)F FAHC]
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Fig. 2. 15 v Velocity Intensity at z-y Plane
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Fig. 2. 16 Velocity Vector at z-y Plane (at x = (.27m)
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(c) Move Frontward

Fig. 2. 17 Velocity Vector at z-y Plane (at z = (0.25m, z = 1.65m)
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Fig. 2. 18 v Velocity Intensity at z-y Plane



Fig. 2. 19 Velocity Vector at z-y Plane (at x = (.27m)
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(c) Upward Interval

Fig. 2. 20 Velocity Vector at z-y Plane (at z = (0.25m, z = 1.65m)
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_/(c) Upward Interval

Fig. 2. 21 v Velocity Intensity at z-y Plane
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Fig. 2. 22 Velocity Vector at z-y Plane (at x = 0.27m)
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Fig. 2. 24 Design Procedure of Model Washing Machine
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Fig. 2. 25 Schematic Diagram of Model Washing Tank
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Fig. 2. 29 Screen for Ejector Water Feed Pressure Control
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Fig. 2. 30 Submergible Pump & Water Distributor
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Table 2. 6 Operational Conditions of Model Washing Machine

Feed Water Retention Optional
Sample
Pressure( kg/cm®) || Time(minute) Condition
5S40 5
S41 10
S42 1.8 15
543 20
S44 5
545 10
S46 2.0 15
547 20
S48 5
S49 10
S50 2.2 15
S51 20
S52 5
S53 15 10
S54 T 15
S55 20
S56 5
S57 10 Submerging
S58 2.0 15 10minute
S59 20

F 2. 72 ¥ 2 60N AAEH AR AT 2d NI AEE ¥ T+

=)
o,

)“_]-.

H
=

£43ES ZYstel Ushd Aol
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Table 2. 7 Exprimental Result of Model Washing Machine

Moisture Ash of Non-Soluble
Sample Contents(%) Ash(%) Acid(%)
Raw 66.0 6.45 2.98
S40 70.4 5.96 1.75
541 72.3 5.51 1.53
S42 68.8 4.59 1.36
543 67.1 3.95 1.32
S44 62.4 4.15 1.06
S45 67.2 4,10 1.27
S46 65.1 4.02 1.12
S47 65. 4 3.53 1.03
548 69.6 4.53 1.47
$49 67.8 4.71 1.33
S50 68.1 4.36 1.48
S51 62.9 4,02 1.16
§52 70.5 6.74 2.19
S53 67.6 4.40 1.23
S54 64.8 3.95 1.13
S55 63.6 3.63 1.17
S56 64.4 4.91 1.36
S57 65.8 4,31 1.22
S58 70.4 3.96 1.24
S59 65.1 3.14 0.82

F 2. 79 2AE 94 =2 PG o] &3l EMFA i} Pt
a3 2. 3164 oA TF4e AFE 1.5 ke/om® 8 0.2 kg/com? ~0.3 kg/ cm®7}
2] AR F44Y AABEE UTsT] 23t HA F pado] AR HE
3 AHESRHES FFstdch
71 G el 1.5 kg/emPoll e 2E6.74%, AFEEZIHE 2.19%2 4 IEL 7|
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Fig. 2. 31 Ash & Ash of Non-Soluble Acid with Respect to Feed Water
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Fig. 2. 33 Ash & Ash of Non-Soluble Acid with Respect to Feed Water

Pressure Ejector in 15 minute
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Pressure Ejector in 20 minute

a8 2. 350 AFALE 5E~2080 2 HAIAIHA 7 £YgolM EHEL A
AREE AT Rct

A FA| Zo] 52Q Ao} 108¢ Aol 2 £4bo] wisle] me} HEY AARE
L 2 H3Eg Holx glon 158% ZFAR st 1 HHZL BAINA &5

2 £do] FURCI A HER Zashe Zo] ohzt s4de] 2

_l

2710 A3E Rolx Ytk ok 44U Lhe/on'E VAR 3
ote] 2719} 3 &2 AAY wiHA LR o]Fojx|L} 1 o]Ate ¢
ol A= wlalstA] s Zolth



8
7 |
*
6 -
5 -
®
c4r
7]
<
3 -
2 -
A
O P 1 1 1
0 5 10 15 20
Retention Time (minute)
¢ Raw ~—#— Pressure 1.5
— -@ — Pressure 1.8 ~8— Pressure 2.0
- -0- — Pressure 2.2 -- . & -- Pressure 2.0 (+Submerge 10)

Fig. 2. 35 Weight Percent of Ash with Respect to Feed Water Pressure

Ejector and Retention Time

28 2. 36lME 4 FelM ARAZY WA AEEEHEL] HAAZEE AT

8432 Bf ARAIL] 102 ol F-fols Z £l Hjel wet A

g 4 gtk ok HEIE @ A

e o ¢
A
3o
lo
&
o
dr
2
X
kt
£
()
e
oy
B>

A
E843Ee A-F 10E2°] HF ARA|Ztoe
&

=
=
ool GUE HRY FLo HRY FBL Holn Yot VEEHURY B

¥
Ju
>
()
lo
o
ok
w
29,
kn}
1y
N
—rrl‘
Aul
£
R
32
o
filo
(A
-
34
32
a

-8 -



3.5
37 .

=
o 25
3
<
L2 st
re)
2
Q
Ti15
S
=
° 1t
S A
<

05

0 A ). 1 1
0 5 10 15 20
Retention Time (minute)
¢ Raw —@&—Pressure 1.5
- -@- — Pressure 1.8 —8—Pressure 2.0
- -0- —Pressure 2.2 ---a& - - Pressure 2.0 (+Submerge 10)
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Fig. 2. 37 Turbulent Water Flow in Model Washer at Pressure 2.0 kg/cnfz
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Fig. 2. 38 Ginseng in Washer after Ejector Washing System
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Table 2. 8 Operational Conditions of 3rd Experiment

Feed Water Retention Optional
Sample ) . . o
Pressure( kg/cm*) Time(minute) Condition
S60 5
561 20 10 Submerging
S62 ) 15 10minute
S63 20
S64 5
S65 10
3.0
S66 15
S67 20
S68 5
S69 20 10 Submerging
S70 ’ 15 5minute
S71 20

Table 2. 9 Results of 3rd Experiment

Sample Moisture Ash (%) Ash of Non-Soluble
Contents(%) Acid(%)
Raw 65.3 6.33 2.41
S60 66.8 5.07 1.71
S61 65.7 4,94 1.52
562 66.6 4.49 1.33
S63 74.0 4.27 1.12
S64 67.0 4,38 1.33
S65 69.5 3.64 1.39
S66 68.7 4.08 1.38
S67 73.2 3.64 1.31
S68 71.8 5.23 1.85
S69 69.1 4,68 1.31
S70 66. 4 3.42 1.36
S71 66.7 3.86 1.45
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Fig. 2. 43 Washing Results of Ginseng
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Table 2. 10 Design Results

Itenm Specific Data

Size 4,000LX1,100Wx 1, 050H

Pump Volute, 137 m®/ hr, 2 kg/cm?,Driving Motor 25Hp
Ejector Washing :34EA Conveying :12EA

Surge & Distributor 8" xXL47.27

Frame S/Q Pipe : 50X30X2t
Quality STS 304

Power 220VX 3@ X 60Hz
Control Batch+Auto
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Fig. 2. 45 Schematic Diagram of Ejector
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Table 2. 11 1st & 2nd Experimental Conditions of Full Scale Washing

Machine
Retention Time(min)
Sample
1st Washing Bath | 2nd Washing Bath | 3rd Washing Bath
S1 Raw - -
S2 5 5 5
S3 10 5 5
sS4 15 5 5
S5 20 5 5
S6 5 10 10
S7 10 10 ~ 10
S8 15 10 10
S9 20 10 10
S10 5 15 15
S11 10 15 15
S12 15 15 15
513 20 15 15
S14 5 20 20
S15 10 20 20
S16 15 20 20
S17 20 20 20
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E 2. 12& AN AHAZAE Jehfx Qlch

Table 2. 12 1st Washing Results Using by Experimental Set up

Sample Moisture Ash (%) Ash of N.on—Soluble
Contents(%) Acid(%)
S1 72.38 7.82 2.24
S2 75. 54 4.48 0.25
S3 73.40 5.00 0.26
S4 75.01 4.88 0.36
S5 71.77 4,07 0.72
S6 77.16 4.60 0.24
57 79.69 4.30 0.34
S8 73.57 4.65 0.19
S9 77.18 4.07 0.39
510 76. 06 4.95 0.18
Si1 74,28 4.59 | 0.27
S12 70.72 4.35 0.24
S13 74.15 4,31 0.27
S14 67.17 4,66 0.60
S15 75.67 4.64 .0.57
516 78.77 4,30 0.37
S17 75.70 3.72 0.25
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Table 2. 13 2nd Washing Results Using by Experimental Set up

Sample Moisture Ash (%) Ash of Non-Soluble
Contents(%) Acid(%)
S1 73.75 8.80 2.48
52 72.85 4.45 0.28
S3 72.46 4,58 0.18
54 74.84 4.52 0.24
S5 78.08 4,29 0.23
S6 73.11 5.00 1.26
S7 76. 21 4.43 0.13
S8 71.92 4.37 0.24
S9 71.12 4,90 0.27
S10 71.66 4,87 0.27
S11 73.79 4.91 0.38
S12 70.14 4,78 0.32
S13 74.92 4.72 0.20
S14 71.44 4.53 0.50
S15 81.78 4,37 0.33
516 80.69 4.31 0.35
S17 72.73 4.28 0.29
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Fig. 2. 54 Washing Results of Ash with Variance of Submerging Time and the
2nd & 3rd Tank retention Time

23 2. 540l 2 AAZAINY AFAZ whet 23T AL Urhid
th Ad A3k BE J12A n9os AY 13} gol ABEAUE AN Sy
A2 F ARNA7N BB 23} BB PP5e GUS Yol LI Utk A ¢ 4
qgict,

23 YL ABEHHE AADANAE AHIMYZ AFAZo] 52 P A
HAZY % IA BI glen, AFAZ] 158 o] Fole oujAHze

(o]
A FAIEL] o] A2 girke 2AE& & + arh

- 110 -



2.5 - 7

15

05

Ash of Non-Soluble Acid (%)

Retention Time (minute)

|« Raw —®—RT5--e-RT 10 —e—RT 15 --o-~RT 20|

Fig. 2. 55 Washing Results of Ash of Non-Soluble Acid with Variance of
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Appendix I. Design Plan
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Appendix II. Figures of Experiment & Equipment
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