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Development of the Purity Index Measuring System
for Transactions in Net Weight of Paddy at Rice
Processing Complex
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SUMMARY

I. Title

Development of the Purity Index Measuring System for Transactions in Net

Weight of Paddy at Rice Processing Complex

II. Objectives and significance of the research

Threshed high moisture or dry mixture of paddy and foreign matter such
as straw, empty Kkernels, stones and fine contaminants is took in Rice
Processing Complexes or Drying & Storage Centers, separated by a paddy
cleaner, and weighed by a hopper scale. But, owing to lower separation
performance of a paddy cleaner, the remaining foreign matter mixed with
paddy is weighed like paddy at a hopper scale. Decrease of net weight of
paddy owing to remaining foreign matter bring about decrease of milling yield,

and finally worsen the management state of RPC.

To construct a transactions system in net weight of paddy, the purity
index should be adapted at RPC, and the purity index measuring system(PIM
system) should be developed to measure the purity index automatically. But,

there is no any related research with PIM system.

The objectives this research is to make a transactions system in net

weight of paddy at Rice processing system by development of a PIM system.



II. Contents and scope

The major contents of this research were establishment of development
directions of PIM system, investigation of design factors, and manufacture and
modification of the prototype PIM system.

The detailed contents of this research were as follows ;

A. Establishment of development directions for PIM system
O Survey of actual state of taking paddy in RPC

O Analysis of cleaning characteristics of paddy cleaners

B. Investigation of design factors for PIM system

O Geometrical and aerodynamical separating factors of foreign matter

C. Design, Manufacture and modification of the prototype PIM system
O Design and Manufacture of the prototype PIM system
O Operation test
O Modification
O Field test at RPC
O Construction of synthetic data processing system in RPC

O Construction of operation and distribution system for PIM system

IV. Results and suggestions
1. To establish the development directions of PIM system, actual state of
taking paddy in RPC and cleaning characteristics of paddy cleaners were

surveyed. The average real taking capacity per a taking facility was



10ton/hr, the average paddy weight took per a farmer in RPC was
1,858kg. The average separation ratio of foreign matter from mixture of
paddy and foreign matter was 23.39%, and especially the average
separation ratios of empty kernels and fine contaminants were lower than
that of straw at paddy cleaners. So, empty kernels and fine contaminants

were considered as the main objects to remove in PIM system.

2. To investigate geometrical separation factors of empty kernels from paddy,
geometrical characteristics of paddy kernels and empty kernels such as
size, area, aspect, roundness and perimeter of 5 varieties paddy such as
Chuchung, Whabong, Ilmi, Ilpyum and Dongan of moisture contents form
14.9% to 26.5% were investigated using image analysis system. Among
the geometrical characteristics, size, aspect and roundness of empty
kernels were significantly smaller than those of paddy kernels. And, a
prototype screen separation system composed of two layers screen of
three type openings was designed and manufactured. Separation test of
foreign matter from a mixture of paddy and foreign matter of Chuchung
was carried out using a prototype screen separation system according to
screen opening types and angles of screen. The separation ratio of straw
was 94.2%, but the ratio of paddy loss was 2.32%, which proves the

screen separation system is not adaptable to PIM system.

3. There was a significant difference of 1,000 kernels weight between paddy
kernels and empty kernels of 88 samples collected before and after paddy
cleaners in RPC, which proves air stream is quite applicable to separate

empty kernels from a mixture of paddy and foreign matter. The terminal



velocities and critical velocity of paddy kernels and empty kernels
according to moisture contents of 5 varieties such as Chuchung, Whabong,
Ilmi, Ilpyum and Dongan were measured using manufactured a pneumatic
classifier. To maintain the difference of highest position between paddy
kernels and empty kernels in the vertical air stream under 25cm, the

optimum critical velocity was from bm/sec to 6m/sec.

4. A software related with the operation, and reception or/and transmission of
data from PIM system to a hopper scale and management program of RPC
was developed using the communication standards of National Agricultural
Cooperative Federation. And the first prototype PIM system was designed
and manufactured considering the directions and the values of design
factors. Operation test of the first prototype PIM system using a mixture
of paddy and foreign matter of Dongan was carried out. The empty
kernels and fine contaminants mixed with paddy kernels were removed
perfectly, but the improvement of the sample leveling and distribution of
air stream of the first PIM system were needed, and the loss of paddy

kernels should be decreased.

5. The second prototype PIM system considering the several problems of the
Ist system was designed and manufactured. First field test was carried
out during the harvesting seasons 2004. The empty kernels and fine
contaminants mixed with paddy kernels were removed perfectly. And there
was a constant pattern of the differences between moisture contents of
paddy before and after separation by PIM system, therefore the moisture

meters could be eliminated from PIM system. And the loss of paddy



kernels should be decreased.

. The third prototype PIM system considering the several problems of the
1st and 2nd systems was designed and manufactured. Second field test
was carried out during the harvesting seasons 2005. The empty kernels
and fine contaminants mixed with paddy kernels were removed perfectly.
And a synthetic PI management system was established using developed
new control system of PIM system, a hopper scale, and the central

management software.

. A patent related with PIM system was granted. The results of this
research are planned to be transferred to the related company, and the
PIM system is needed to be distributed to 3,000sites of RPC and DSC to
establish the transactions in net weight of paddy, and to prevent the

decrease of a milling yield, and worse of the management state of RPC.
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¥ 5. We] g, olEde] e A7) A - o] Ho E9]H o5
o] 2 2AE(4 2000)
R olZHe] FHH(%)
K o Z45(%)
(55 mgo] | o] B | AFP] | A
2714 4.31 0.39 0.17 4.87
24%
T | ZAE 3.14 0.32 0.09 3.55 27.10
8
( z}o 1.17 0.07 0.08 1.32
2714 2.39 0.53 0.10 3.02
22%
T | ZAE 1.89 0.26 0.07 2.22 26.49
7
( z}o 0.50 0.27 0.03 0.80
ZA714 1.73 0.32 0.25 2.30
20%
T | 2V 1.27 0.18 0.11 1.56 32.17
9
(9) 2}o] 0.46 0.14 0.14 0.74
ZA71A4 3.59 1.16 0.68 5.43
18%
S | =M 1.88 0.45 0.11 2.44 55.06
8
(8) 2}o] 1.71 0.71 0.57 2.99
24714 3.00 0.36 0.20 3.56
16%
S | =AM 1.96 0.18 0.06 2.20 38.20
9
( 2}o] 1.04 0.18 0.14 1.36
ZA7]
) 78.31 14.39 7.30 100.00
At | =AMy
@) | =as 84.71 11.61 3.68 100.00 37.74
A& 31.39 44.76 57.38 —
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3 6. RPCO| A¥IsY 3 veixas
REC Al | A5 E(%) RPC ATl | A EE (%)
(ton/hr)(A) | (A/20>100) (ton/hr)(A) | (A/20>100)
A 12.0 60.0 F 15.5 77.5
B 14.5 72.5 G 14.0 70.0
C 13.6 68.0 H 13.9 69.5
D 10.9 54.5 I 12.7 63.5
E 7.3 36.5 J 12.6 63.0
At 12.7 63.5
2) RPCY| ¥RRIA718} &% &
200712~ 5% RPCell WIlEl RIiE=5 2k RPColA 71278, 4=zt #]<d
oR dE YT AuE Astar s7PE wgige] gl A 319 o1&
o= RA7Ier B B gkrgol oial] A ekith

oS 7 72 20024 48+
o] ZS A9, RPCH
RPCel & HlE

2 8,500=2] °F 36.6%F=°]A+=H),
A8 F7E Q7] wWEe R ddEdel = 7
12/1~8/2571] g7}l A Frullshs W= At

ol wo] AaFS

=

71(2002. 8. 26~2002. 11. 30)]l RPCel ®
, 1s7PEE YR Aojrh 33
RPCE oF 3,107E2% RPCH HIFE

P A 2 A=t 7g7] o9

1%214(3,343%) 7},

2ko] 621,390,721kg, 170

o]L;—

G

7k RPCH
Vel Ao

= o1
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¥ 7. 20023 8710 HF RPCY AHa WIES

ol = i l.:7 o) 5 ll:j T} 13
9] pecw 2 | Rec 19 | © ;ﬁmw ;ﬂt‘;}‘}‘g
St | HETIDMRIEHKD) | oroer | o)
) liuﬁo(kg) %k(kg)

RPC | W9l
e (ke)

7] | 32 |136,504,732(1,483,747| 4,265,773 46,367 520,000 2,740

| 10 |22,305,933 | 242,456 | 2,230,593 24,246 49,050 1,550
5 | 17 |57,088,366 | 620,526 | 3,358,139 36,502 788,216 1,724

% | 36 [123,246,432|1,339,635| 3,423,512 37,212 582,640 2,295
A5 | 30 92,491,293 |1,005,340| 3,083,043 33,511 1,222,772 2,097
A |40 | 94,264,574 (1,024,615 2,356,614 25,615 452,760 1,724
A& | 18 54,957,821 | 597,368 | 3,053,212 33,187 95,141 1,652
A | 17 40,531,570 | 440,561 | 2,384,210 25,915 173,560 1,081
i

) 200 | 77,673,840 | 844,281 | 3,106,953 32,819 485,517 1,858

At 1,858kg(3E 8)ollem, i oA & & %ol 1571 1,000kg o) de 1
Jsh= w7kl HlEo] 59.8%, 1,000kg WWHS WHlal= s57ke] H]Eo] 40.2%0]
ALE WRIEE Wl S HS 19.9%0100, 24%v]7Ho] 84.6%=A T
S A6l om, 25%0]4- 15.4%0]3tk
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T T T T T - T
0/9 10/19 10/29 11/8 11/18 11/28
8o (28/g)

c
o .
o

19 sl | s | E | gesewb) | w5 | LS

%) (%)

500,000kg °]d 9 0.0 35% °©’ 156 0.0
300,000kg 1% 5 0.0 30% ol 2,897 0.9
100,000kg ©]% 37 0.0 27% o 16,930 5.4
70,000kg ©]% 83 0.0 25% ol 28,620 9.2
50,000kg ©] 95 0.0 22% o 58,682 18.8
30,000kg % 194 0.1 20% ©1% 36,113 11.6
10,000kg °] 2,627 0.8 18% °l% 31,568 10.1
7,000kg ©)% 5,019 1.6 16% o1 37,422 12.0

5,000kg °] 11,590 3.7 16% °lst 100,210 | 32.1

3,000kg ©]% 39,623 12.7

1,000kg o1’ 127,889 40.9

700kg ©]% 23,630 7.6

100kg ©% 26,193 8.4

|

400kg 1’ 22,116 7.1 7 312,598 | 100
|
|

100kg ©]s} 53,488 17.1

A 312,598 100
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olEHol FHH( % )
A Z2E(%)

of & | #FAHol | AFep] A
zA71 A | 0.05 1.66 0.06 1.77

15%9 | 2471 5| 0.02 1.40 0.03 1.45 18.21
2}o] 0.03 0.27 0.03 0.32
2471 4| 013 2.54 0.14 2.81

18%d] | 2471 & | 0.05 2.20 0.03 2.27 19.12
2}o] 0.08 0.34 0.11 0.54
2471 A | 0.14 1.23 0.12 1.49

21%d | 247 | 0.10 0.91 0.09 1.10 26.46
2}o] 0.04 0.32 0.04 0.39
2471 A 0.33 1.66 0.10 2.09

2490 | 247 | 0.30 1.33 0.03 1.65 21.28
2Jo) 0.04 0.34 0.07 0.45
zA71 A | 0.07 1.43 0.11 1.61

26%°17d | 2471 3| 0.04 1.15 0.04 1.23 23.74
2}o] 0.03 0.28 0.07 0.38
2471 A 7.40 87.18 5.42 100

B (%) | 7] | 6.60 90.69 2.70 100 21.76

A& 40.05 19.08 59.70

3 10€ o] FpE) oo Feps 247 A - FolA A Bel] £
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E 11, ¥9] 757 gl mE ¥ Ay 7IskeA 54 (mm)

2 13E(n)| 35 o= w2 gdsy] | Edde] | 984S
14.9 7.02 3.40 17.94 | 197 | 16.75 | 1.33
17.7 7.10 3.41 18.03 | 1.97 | 1693 | 1.35
% 20.1 7.15 3.42 18.14 | 1.97 | 16.95 | 1.35
24.1 7.10 3.46 1857 | 1.96 | 17.04 | 1.33
26.3 7.20 3.44 18.67 | 1.99 | 17.17 | 1.34
14.5 7.35 3.43 19.26 | 2.05 | 17.42 | 1.34
16.5 7.43 3.45 19.65 | 2.07 | 17.56 | 1.33
she 19.1 7.44 3.47 19.71 | 2.06 | 17.60 | 1.33
24.0 7.36 3.49 19.81 | 2.04 | 1761 | 1.33
26.6 7.45 3.48 19.88 | 2.06 | 17.67 | 1.33
15.0 7.08 3.29 17.95 | 2.07 | 16.76 | 1.33
17.4 7.14 3.28 1811 | 210 | 16.82 | 1.33
&lm] 20.2 7.15 3.27 1814 | 211 | 16.84 | 1.33
23.8 7.13 3.32 18.43 | 2.07 | 1693 | 1.32
26.5 7.13 3.34 1857 | 2.06 | 1699 | 1.32
15.3 7.35 3.29 18.23 | 212 | 1719 | 1.38
17.5 7.39 3.33 1853 | 2.10 | 17.35 | 1.39
s 20.5 7.38 3.35 1865 | 2.09 | 17.35 | 1.37
23.4 7.41 3.37 18.98 | 2.09 | 17.41 | 1.36
25.1 7.44 3.42 19.22 | 2.08 | 17.52 | 1.36
15.2 7.03 3.32 18.05 | 2.04 | 16.80 | 1.33
17.5 7.04 3.31 18.12 | 2.06 | 16.83 | 1.35
dF 20.8 7.01 3.37 18.26 | 2.01 | 16.86 | 1.32
22.6 7.01 3.35 1831 | 2.01 | 16.93 | 1.33
26.2 7.06 3.39 18.67 | 2.02 | 17.04 | 1.32

,4’77




3 12. W] FF3 gl wE HAelo] 7Isker] 54 (mm)
wed | gE(R) | S | 95 | WA | dds | Ede]| d3e
14.9 6.83 3.19 16.4 2.05 16.13 1.35
17.7 6.97 3.25 16.95 2.05 16.43 1.36
% 20.1 7.13 3.29 17.77 2.06 16.91 1.37
24.1 7.03 3.35 17.84 2.02 16.76 1.34
26.3 7.17 3.36 18.33 2.05 17.09 1.35
14.5 7.39 3.37 19.04 2.12 17.62 1.39
16.5 7.48 3.38 19.37 2.14 17.69 1.38
LIRSS 19.1 7.55 3.35 19.68 2.17 17.8 1.37
24.0 7.48 3.45 19.89 2.1 17.87 1.36
26.6 7.49 3.47 19.93 2.09 17.9 1.37
15.0 7.09 3.26 17.65 2.1 16.76 1.36
17.4 7.13 3.24 17.71 2.13 16.91 1.38
2 20.2 7.12 3.27 17.86 2.12 16.94 1.37
23.8 7.15 3.32 18.23 2.08 16.98 1.35
26.5 7.22 3.33 18.49 2.11 17.13 1.35
15.3 7.51 3.3 18.55 2.17 17.57 1.42
17.5 7.55 3.32 18.94 2.17 17.7 1.41
&<t 20.5 7.6 3.35 19.3 2.17 17.78 1.39
23.4 7.63 3.38 19.5 2.16 17.93 1.4
25.1 7.74 3.35 19.77 2.21 18.13 1.41
15.2 7.08 3.19 17.35 2.14 16.67 1.37
17.5 7.05 3.24 17.46 2.1 16.72 1.37
A+ 20.8 7.11 3.28 17.84 2.09 16.88 1.36
22.6 7.13 3.31 18.04 2.09 17.09 1.38
26.2 7.22 3.28 18.13 2.11 17.17 1.38

,48,




3 13, H FFE W AYe] 718 54 (mm)

T AET | EET | WA [ AdEaT (S]] dEET

4 7.12" 3.43" 18.27° 1.97¢ 16.97° 1.34°

s 7.41° 3.47 19.66° 2.06" 17.57° 1.33

&Jm] 7.12" 3.30° 18.24¢ 2.08 16.87¢ 1.33°

S 7.39° 3.35° 18.72 2.09% 17.36" 1.37°

AE 7.03¢ 3.35¢ 18.28° 2.03° 16.89° 1.33

e columntfoll A 72 alphabet-& - 5%
A&7} p=0.05, 0.01, 0.0015=FolA #2182 2ol7} S
3 14 He] g v 9] 71eket4 524 (mm)

Fin: 5 o wAT | FdEy] | Edde] | 43E
14%F= 7.16 3.35" 18.29° 2.05 16.98" 1.34
17%5< 7.22 3.36" | 18.49" 2.06 17.10° 1.35
20%T% 7.22 3.38" | 18.58™ | 2.05 17.12® 1.34
23% T 7.20 3.40" | 18.82" | 2.04 17.18" | 1.33
26%55 7.26 3.41° 19.00? 2.04 17.28" 1.33

s Rk ok

columntfoll 4] 72L& alphabet2 72 59

A|B7} p=0.05, 0.01, 0.00155014 Frel &9l 2ho]7} YL
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¥ 15. W9 5

=1

%230]4 7] ]—61—7(-] E"q(mm)

= = gz | gee | war |gusae|lsggert| aug
% 7.03 3.29° 17.46" 2.05° 16.67° 1.36°
sHs- 7.48° 3.40° 19.58" 2.13 17.78 1.37
oIn 7.14° 3.28° 17.99° 2.11° 16.95" 1.36°
<t 7.61° 3.34 19.21° 2.18 17.82° 1.41°
A& 7.12° 3.26° | 17.76% | 211 16.90° | 1.37"
abe columntfell A 72 alphabet-> 2 5%
S AE7F p=0.05, 0.01, 0.0015=llA o %21 2po]7} Q)
3 16. He| g8 %7g0l9 7]8ket4 544 (mm)
(%) | FF | @FT | WA | Zdse) (Bddel’| 99
149%tH 7.18 3.26" | 17.80° | 2.12 16.95" | 1.38
17%tH 7.24 3.29" | 18.09" | 2.12 | 17.09" | 1.38
20%t) 7.30 3.31° | 18.49" | 212 | 17.26™ | 1.37
23%H 7.28 3.36° | 18.70 | 2.09 | 17.33* | 1.37
26%tH 7.37 3.36° | 18.93* | 2.11 17.48% | 1.37
abe columntoll A 7+ alphabet& 28 5524

A&7} p=0.05, 0.01, 0.00170llA] §-2]221 2|7} gl
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T 18 4% 233 AN 239 W, e D G ne e
9 ol WEs
oo | ATEH AW B ol | ARF AHT AH % olEd olFAAEE
%3?_%3 (Ei? FH500g) THe) éi% (%

R K = I O A X]j]rl‘r 5’?@% A | "9 le?ﬂ i@% (% Xl;ﬁiﬂ} f@%
BRI | 17°| 0 | 49342 0.86 | 5.72 |487.66|485.54| 0.00 | 2.12 | 1.60 | 100 | 62.94
&) 1 [493.05| 2.07 | 4.88 |485.62]471.06| 2.33 | 12.23 | 4.46

2 149342 0.51 | 6.07 |493.23|488.45| 0.00 | 4.78 | 1.01 | 100 | 21.25
3 |489.27| 2.25 | 8.48 |488.85|476.56| 0.55 | 11.74 | 2.60 | 75.56
21°| 0 49228 | 0.63 | 7.09 [482.94|467.59| 0.23 | 15.12 | 5.02 | 63.49
1 (49527 | 097 | 3.76 [484.20|475.56| 2.30 | 6.34 | 3.98
2 1490.29| 1.86 | 7.85 |484.41|470.98| 0.98 | 12.45 | 3.94 | 47.31
3 |493.12| 0.00 | 6.88 |487.18|476.79| 0.00 | 10.39 | 3.31 | 100
25°1 0 [491.85| 0.13 | 8.02 |482.18(473.85| 1.09 | 7.24 | 3.66 9.73
1 |491.73| 2.63 | 5.64 [485.61|473.26| 0.38 | 11.97 | 3.76 | 85.55
2 149478 | 0.36 | 4.86 |490.17|482.11| 0.40 | 7.66 | 2.56
3 [491.19| 2.21 | 6.60 |489.42|484.24| 0.00 | 518 | 1.41 | 100 | 21.52
BRI | 17°] 0 | 484.16| 0.00 | 15.84 |482.10(478.55| 0.08 | 3.47 | 1.16 | 100 | 78.11
(#3) 1 [483.03| 0.00 | 16.97 |483.44|477.93| 0.00 | 551 | 1.06 | 100 | 67.55
2 1483.84| 0.00 | 16.16 |488.14|483.91| 0.00 | 4.23 100 | 73.84
3 |484.19| 0.00 | 15.81 |491.10|487.83| 0.00 | 3.27 100 | 79.32
21°| 0 |493.97| 0.57 | 546 [490.67|486.21| 0.00 | 4.47 | 1.57 | 100 18.22
1 (49227 | 147 | 6.26 [493.28|490.62| 0.00 | 2.66 | 0.34 | 100 | 57.44
2 |491.70| 0.00 | 8.30 |491.82|486.45| 0.65 | 4.72 | 1.07 | 100 | 43.18
3 |489.39| 142 | 9.19 |493.66|490.39| 0.11 | 3.16 92.18 | 65.67
25°1 0 [483.89| 0.27 | 15.84 |486.45|480.90| 0.03 | 552 | 0.62 | 88.52 | 65.16
1 |485.11| 1.04 | 13.85 [488.86|483.43| 0.00 | 543 | 0.35 | 100 | 60.82
2 1486.16 | 0.35 | 13.49 |488.40|479.85| 1.41 | 7.14 | 1.30 47.06
3 48553 | 1.23 | 13.24 |487.60|479.72| 0.00 | 7.88 | 1.20 [100.00| 40.46

- 52



¥ 18, &% 238 AHARA 238 FA, 4w 9 Sl w2 Yy
2 o]Zd AHE(AIS)
oo | A 8w olz | e Aels 99 9 ol ol
sl | T 5000 ZKo) 3u| @
Rl ) I P ] T A P e A
R T | o A | ol
Ad | 17°| 0 |481.81| 0.00 | 18.19 |454.78|449.16 | 0.00 | 5.62 | 6.78 [100.00| 69.11
1 |485.11| 0.71 | 14.18 [458.87|451.54 | 0.01 | 7.32 | 6.92 | 98.17 | 48.41
2 |1483.81| 1.09 | 15.10 |474.35|468.61| 0.00 | 574 | 3.14 | 100 61.97
3 48358 | 0.16 | 16.26 |489.77|484.85| 0.02 | 4.90 90.63 | 69.85
21°| 0 |485.36| 0.60 | 14.04 |487.25|484.58 | 0.00 | 2.67 | 0.16 | 100 81.00
1 49221 053 | 7.26 |488.08]483.89| 0.04 | 4.15 1.69 | 93.02 | 42.84
2 1486.43| 0.04 | 13.53 [489.51(485.82| 0.00 | 3.69 | 0.13 | 100 72.70
3 486.46| 0.19 | 13.35 |488.74|485.13| 0.00 | 3.61 | 0.27 | 100 72.93
25°1 0 [484.16] 0.00 | 15.84 |491.56|486.65| 0.09 | 4.82 100 69.57
1 |486.15] 0.00 | 13.85 [493.18|489.20 | 0.00 | 3.98 100 71.28
2 | 485.93| 0.58 | 13.49 |492.26|488.71| 0.08 | 3.47 87.07 | 74.25
3 [486.08| 0.68 | 13.24 |490.85|486.71 | 0.00 | 4.14 100 68.70
et 488.33| 0.71 | 10.96 [486.28|479.91| 0.30 | 6.08 | 2.32 | 94.24 | 57.67
2. A2 Wl 909 ol5de] F7|¥eA AEIAl

7 Ay

1) #AHo] 7|FA4E 714 HAE

97124~ RPCe] ZA17]
olgste] ms} FAole] 4

oM Adgo] 7

- 53
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olg3te] ailomn, HHF(ThH)S 1,0008S FAYeR sl T3

=439k

2) F5 A2
we] A} sAoln JaEs SHow o] BX ke E4olE 95w

g olmAe] AR A% B/ B4 S48 AR F5S AL,

L.

2A719] FAo] AEE I Y71E71E AAAIAl = (oblique air stream)
slo] sk WAl B FEeko] AUXA St W gHo| o]Edy) o]
&= 2l $3o] o #Ao] MEgo] Az Ao AYULEE Q31

Il
QARG SN R = ARl ofEe Ao® AdEth webA Bezruchkin
(1949), Grochowicz(1980) 5o AQt} o] AMAFSAHAIATLS A4S
o]gsto] MHsh= Z1& 7o siglon, il B FEEEE 54 Hagh o]
5(1990) A 8YATe} S=FAFAKS A 0612-1992 @ A7)0l 28 43 =
L= O

A KS B 6311 : £%7] Ad)e] 27ste] ZEo MAlste] A2kl

| us| aw—V Ul

2) 3719 425 (vertical air stream)

Up <us < Up

oA7|A, us - Aol Q3 FE(m/sec)

,54,



e - W AHE] SAFE(m/sec)

3 2] s Ul 7 ARelA e Sl dAsEE ARAAE Az AA]e)

o, 274 10.0cme] of=™ A Fo el ZEdels e A sf 27l A
A8, 72 F52] wolE FHeh 120.5em7HA] 24 4 = A o

ZT

Mz o] AFERATE 3k $%7] (centrifugal type, 2.2kW, 90m/min)2] 4%
e AEsA Alofshr] flste] &% el VS motorE AAskSH S9kE 54
slo] FEow shlsiglon, U5 flske] pitot tubet 1T HAE vhe
HE](2655, Yokogawa, w-3lls 0.0lmmAq)E ©]-&3I3iTh

AztE FEel A7 d=aditAKS B 631D Fske] AAES=T
VS motordl] FHFEE AFE ZASHA 12714 F5HLNA ZF 207 259
S pitot tube®}t 1735 TAE wleHEE S7ste] 2T e] ZF Xl A

a9 8 AR Ak Fsdt FsulelA A
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1700.00

@ o | k=23

300.00

le—20.00—]

ReTIPL B FEE olgsje] Al AMAFZAALEe] Aol B M
j

TUSLEE 264 (W 5SSl tiske] W A} FAgo] of
s

30HS FAEEe] ah ZHIlEUA ol ¥ FaL SEste] °oF lem™
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4) AF7] & 71E oled ¥

Tea ol8ste] AFel), ANV 5 7IEF olzde] vk HESISIth
ArEb7ls 22 FERHGE 19) 77E B FEl(GE 2005 o838t FsellA
ARle] ZFeAE HEsIeH, Aol A7l= Aol oF 4.36mm(3.23~

549mm)Q! 2 AR&eto] AR 7Fede AESIGITE o] W Al ol&d F5

FAI(g) A& (mm) Zo](mm) A4 ()
1 0.09 0.30 5.60 0.40
2 0.17 0.30 11.00 0.78
3 0.21 0.30 11.10 0.78
3 20. A AR WAL B HFEle] fgH 54
FAI(g) A& (mm) Zo](mm) A4 (mm)
1 0.08 0.30 12.50 0.88
2 0.19 0.32 17.00 1.37
3 0.30 0.38 16.00 1.81
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A7 e B

TR REste] LR Aotk A oF 5= dio] A7) Sk Hol
EYH olEATA olE FES W AHI Ak v, &
T2 v Y] Frdo] 21%U7HA= B Y ErERh W vhH, 24%
FEHAME W AY d58RY 2o A4S Yehhodd 3, =
ol AFTle 27 1.49% R 2.40%W%rF AxE whd ¥ JYe of
0.44% =7t AZENOH, ZAolE= 0.86% = ol HAEHA] et

9 112 RPCol AF3 5 Alsdl x3w we JHy} HAHolo g8
Hlwgk Aogx W Ay F5go] 12.0~27.1%FFL
(3)3} o] 11.6~43.5%Tw0= Y W AgdA 899l FEol
23.0% T W AR SaEn 0] dEo] thah w2 whH, 23%01%
e W A Rt 4o o] tha = ekt

zAo] Brge A

2
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3 21, ¥o] At el 9] olede dE vl

oo 8(%)
Y ol& ZAo| ARk
A7) A 15.56 15.47 13.88 15.2
5% | 247 = 15.33 14.29 13.65 12.55
2}o] 0.23 1.18 0.23 2.65
71 A 18.65 15.83 16.02 15.2
18%t) | &7 + 18.15 14.58 15.24 13.48
2}o] 0.5 1.25 0.78 1.72
2247 A 20.55 20.91 18.59 15.95
2190 | A7) & 20.2 18.57 17.36 14.22
2}o] 0.35 2.34 1.23 1.73
Z47] A 23.37 22.14 25.01 24.57
249 | 2A7] = 22.83 21.42 23.66 22.84
2}o] 0.54 0.72 1.35 1.73
A7) A 25.65 25.99 34.14 28.12
26%°)3+ 5 25.07 24.03 33.41 23.93
0.58 1.96 0.73 4.19
A7) A 20.76 20.07 21.53 19.81
Bt -2 20.32 18.58 20.66 17.40
2}o] 0.44 1.49 0.86 2.40

M 4= —63.5022 + 14.0628M , —0.8639 M? +0.0183M5(»2=0.9211)... ( 3 )
A7I1M, My, F78ol F=E( % )

M, P BE ERE( %)
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p/]

=712 HE 6D(

Al$-3 VS BEEo| FFEE AR S 12714

(13 9)9l pitot tube

<
=

sheiA] 5wl

= A3

53 x4F)0]

o=

4

% 133 o] 204 - (PR

[e)
1=

A

ﬂ
¥

12.23m/sec(FFFL 0.43~5.76m"/sec) S 24 vk o g A Q= ¥ HHY

0.092~0.972m/secEA] Z} XA o] FZro] H|
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¥ 22. A U9 A4

=2 O A2HY>7T

t__rr~1_~_,_

YA

= -

VS motor?] AF-zkel

2 7 A3 el T (my/sec)

10

15

20

25

30

35

40

45

50

55

60

0.800

1.497

2.499

3.035

3.942

4.982

5.909

6.588

7.667

8.745

9.542

11.177

0.800

1.524

2.670

3.324

4.254

5.264

6.239

7.131

8.607

8.922

10.172

11.784

0.849

1.767

2.914

3.500

4.710

5.793

6.490

7.646

9.373

10.037

11.259

12.791

0.849

1.961

3.214

4.052

5.030

6.478

7.471

8.438

10.009

10.828

12.448

13.533

0.980

1.834

3.189

4.329

5.574

6.738

7.662

9.086

10.001

11.127

12.263

13.284

0.939

1.940

3.087

4.120

5.324

6.309

7.524

8.759

9.559

11.123

12.129

12.943

0.939

1.812

2.844

3.952

5.172

6.076

7.460

8.565

9.638

10.351

11.379

12.700

0.800

1.744

2.787

3.657

4.769

5.786

6.679

7.883

8.676

9.754

10.754

11.613

0.749

1.601

2.714

3.419

4.572

5.309

6.219

7.837

8.447

9.069

10.211

11.152

0.800

1.524

2.594

3.466

4.366

5.256

5.751

7.018

8.039

8.899

10.195

10.945

0.849

1.550

2.594

3.744

4.545

5.078

6.397

6.943

8.074

9.638

10.569

11.159

0.939

1.626

2.624

3.942

4.869

5.653

6.978

7.677

8.667

9.864

10.898

11.571

0.980

1.856

2.954

4.091

4.982

6.422

7.460

8.380

9.394

10.765

11.979

12.406

1.020

1.919

3.251

4.384

5.414

6.619

7.796

8.953

10.313

11.018

12.467

13.495

1.059

1.919

3.202

4.273

5.524

6.546

7.745

8.985

10.061

11.312

12.496

13.402

0.980

1.919

3.288

4.292

5.309

6.533

7.599

8.713

9.921

10.813

11.882

13.228

1.059

1.767

3.048

4.032

5.279

6.478

7.259

8.518

9.513

10.861

12.149

13.288

0.939

1.524

2.872

3.982

4.844

5.916

7.193

7.847

8.433

9.945

11.295

11.943

0.939

1.576

2.578

3.546

4.554

5.560

6.478

7.058

8.128

9.688

10.520

11.439

0.939

1.357

2.483

3.489

4.375

5.436

6.089

7.024

7.878

9.135

9.733

10.757

0.910

1.711

2.870

3.831

4.870

5.912

6.920

7.952

9.020

10.095

11.217

12.231

0.092

0.183

0.271

0.383

0.458

0.575

0.675

0.794

0.845

0.852

0.972

0.971

0.429

0.806

1.352

1.805

2.294

2.784

3.259

3.746

4.248

4.755

5.283

5.761

0.08

0.28

0.55

0.9

1.34

1.92

2.5

3.27

3.87

4.79

5.76

6.55
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3) WY F537 el wE FESE Wt

57 #Eel W(FA, sHs, 9], &< ¥t 5714 $5(13.22~26.57%)

o] WellA B Yt HAHolE Adste] 27 TSR] ofF lemd = A

Ry % 3 4 & =
13.22 13.24 13.61 13.66 13.62
16.73 14.65 15.93 15.74 15.57
B g
19.09 18.51 18.88 19.27 19.17
(%)
24.25 23.73 23.79 22.43 21.01
25.32 26.57 25.54 24.55 24.23
12.22 11.62 13.4 13.81 13.33
. 16.41 13.87 15.65 15.37 16.16
5740
Biniasss 19.46 16.37 18.80 18.99 21.60
(%) 31.34 29.16 25.74 24.52 25.83
35.41 38.08 29.59 28.75 33.12
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¥ 24, W] F5HE A 9 Yl TEEE
B A s ,
T+ FE R
Yo a
34 2.7652 0.0430 0.960
3l 2.7080 0.0431 0.929
A FHET
(m/sec) Jw] 3.1523 0.0222 0.934
Bot 2.9514 0.0397 0.949
AE 2.6557 0.0467 0.946
74 2.2007 0.0272 0.974
35 2.3544 0.0169 0.996
(m/sec) 211 2.4093 0.0148 0.840
Bot 2.5713 0.0116 0.899
SEa 2.3409 0.0164 0.925
¥ 25, EAol9 #5E A5 2 Yol USRS
A Ak ,
TR == R
Yo a
4 1.4701 0.0089 0.888
sz 1.3310 0.0082 0.854
A TIET
(m/sec) Au] 1.5366 0.0116 0.914
ot 1.2103 0.0112 0.844
AF 1.4139 0.0180 0.983
4 0.7235 0.0128 0.910
sz 0.9309 0.0044 0.966
sl ToET
(m/sec) dw] 0.8493 0.0140 0.940
ot 0.6340 0.0129 0.907
AE 0.7470 0.0207 0.941
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3 24, 259 FAAC] AE ol 8ate] 57l FEC] Blet HAolo] gl w
23S TEEEE vk A the 29 149 2tk 2 ATellA 4
o] FUEEE I5E 16~22% A 3.4~3.7m/secHA = UERLET], o]
& ©] F(1990)°] 4.6~4.8m/secErt Agkom, (1987)9] 6.7~7.4m/sec 2t
o]2 YehgIth o]t & Zfoli= o] 5(1990)9] 1z} v A| R SA R <]
zlool| Al 71Q1gH Ao = et

o

T Lol o Qo] SRl SRS Mol Be] FRERE 4G
g, F4E 15~30%9] WA FF Fuspl wsh Folo] Fus
Rl o 2misecqES] 2 Aolh WASHEL Qigich web B ge

Holne A SR 207] BN EAole] AES Slaile B
o} 2~3misecizo] WA Aoz WHHY. e Wel EAolE A%

Bk AMsks 9ol TRSERT R Fhe] Basigih

H

o

3 14, 57 FEe) vel Hgolol A el mE e FUEE vl
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4) AFH7] T 71E o= ¥
5.1m/secollM F-5& ol-&dte] Wtk A} TR 7RI AlFEb]e] AEdy
T7HA7E gl 22 Fels AEEA] S v, 77 B2 AlRebr|eh 7

22 APRep ) AEEATHE 16). 3 A9 22 ol = Av]el -t

a9 16, FeolA AEEA o= AT 5 Ve ol d

,67,



3. AARAGFZAN2E AZRS 93 AARIRE 1

7). A

1) 715 Wapas

A7} Q= e AT 297 B 71RAEe] ol gAY s
o] Yeks] A}, Wi, AHASSAAARe] Fa A
59l Ale] TR sk glom 7R SR A
QUG Wb, ARARSAN LGS AT S %

goloh ol B 7ML AL b e AFE)e] Z1FAE S S1d V1R W,

o
N
%
i
o
S
&8

¥

Hol|A &Ao] T o]ZAE 4] feixe TEEE ol FE o] HQ
sith =, 944 EHAFAE 7H] v} HAo] EAA & ol HAHslr] 23l
M= Wl EHole] Hf=o|xH(the difference of highest position between

paddy kernels and empty kernels in vertical air stream)& ©|-&3d}ojof 2

AAH AHAFEAA G ol AAF] ale] AHT Pzl e 1}

ERd 4= e $39 ASS(RAEGE, critical velocity)S 5743kt
ol #Aolo] TSI Fsolxke] 588 WA 17H] F59 H(dr])9
57 5E(15.3~27.4%5)A  F48(1.8~8.2m/sec), E Ao (gt



2.0cm) 2 F-fizolxte} HA o] AHARY, & Wsls SHste] 7)ol HE Al
=20 HAFAS} TS ARk o] 7IEAE ol8dte] 2547 (H 5FEX
g 5TE)E U e® W 20~22¢g0] EelE Fgo] TRl 3~4%<(0.3
2~0.42g)°] H&E= 4]o] 0.5cm Fol2 FHAT v $4(5.1~6.0m/sec)d H

gHel Fseel, HAol AAANRE, g8 W38 o5 S

|\

U dy 9 uF

D 71579 &

e T9 178 $¥712 AR AN Adsl] 3718 ESishuA Wl &
oo MAEYS SR BoR SPolA SEAL, BrolA Fstel

HolA o]zde] MHEALS & AolE UEhA &skth
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27} F5gol e Hel ZAols) Bgolxiel BAES W3

woh %go)7h Aol g 1904 wEow welshl FelA Sl A9t
FusEatelz ol Fssht, M 3 T M 19 olge] HW Hek: mi
9% ol 94T Fgol ve] Fow el Paka Rl Aol Boks
whebA] R el His) 2ol s Belsh] sl E Hs) Bgels 4%

)
o Ago] 7V Holw FAle] AR F F-fizo] Aol Adstelof s,
e

webd Al SRl Aol AES gla) AgEE FAESS FRkmnrt

2x A €k

26 °F 120.5cm®] 2 A3hfel 8 15.3%~27.4%° Adv] H
0.5cm FA(FAo] 0.32~0.42g, ¥ AH 20~22¢)= 3HF- Z=H]QIH 2 9o F
Ae v, 1.8~8.2m/sec MY 6714 T skl A B Aye] Wt Hiss
o], ZAo|7} st 2E|QlYlx O RRE] 120.5ecmle] AL 2E|lE 2 ol
7 FAtEo] AdEE AR We] g WEkE vERd Alojth

=3
il

td

Be
o
B
2
-
X0
Y
o
ol
b
o
o\

TUEERT WS 1.8m/secoll A= 9] AH
ol A& AMEA Bskrh F 3.1~8.2m/secol e Al
tﬁ AW 41ecmAETHA] A3 0

2 ol FAEo] AdEd o] o

s gYel el follon), HAo] AMARNE sl

rlo

N
o
>
&2
O
o,
-
I
ol

oo £ Lo
1% ﬁ oo
ol 2
o =
rlr k=)
= B
(@)
=
ol
?
N
ox N
—E —{E
1o,
&
= iuu
i
N,

o2

b
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H 278 57 FE(15~27.1%)2] AV HE 6714 FAEE 3
oA et Fsel, FAo] AL ARS Mol g WskE vekd
AORA, FollA & dxol HAFAZL F7AETS ¥ Wit FiEele vol
Hom, #Ao] Aol AQ¥E ARME A Yeigkal, A3S W g7 s

= S YERs

Lo

A Well= Bl FHolo] TS B HISHOR FADE v EX18)
=, o5 SteR S 7F tids] ofefs W ofuef, wRI Wil Fow
ZAol® Ags7|e tids] ofe Aotk o]5e] WS HAuET] flete] &
Aol AdsH] &2 W 57| FE(FA, 3he, A, Bk 4 e R 6
T g oA B Bfso], HAgo] AEARE s W
stk o] wf We] EAFoli= oF 0.5em AEol o, F48 5.0~6.0m/secE

Fse

g, g 15.0%%0 4 TR AFolls S5 5.1~6.0m/secoll A -
frigel7} 43.7~59.7ecmB =

AR o WHE WA oo

—|~
ol
b
ol
=
e
j>
AN
3
>,
rlr
=
)

» of)
=
L)
1o
Jr
o
Hir
o
)

50cmE B4 &S Aoz FE ) o] u] FHAo] A AQFEE AR 10.
1~23.2secToZ HU 25% oo tji o] 7Isd Floz JFuEe

™, o] ARE el e A 1.6% 0] AsketalaL, ol¢dk A= A



3260 (L))o Tl whE He] Wy Fisse] H HA] AEARE

- W A #7go] A A3

T E{nvs) F5zel(cm) AlZH(sec) r5(%)
1.8 B Aol i | HAo] Ak 15.1
3.1 ~4.5 26 15.0
Kiaias sy 4.4 0~10 13.5 15.0
15.3% 5.6 0~16.5 10 15.1
6.9 0~34.5 7 15.1
8.2 0~41 6 15.0
1.8 B Aol i | Fol ke 17.2
3.1 0~4 31 17.1
Biaiae=x 4.4 0~10 14 17.1
17.3% 5.6 0~15.5 11 17.1
6.9 0~34 9 17.1
8.2 0~40 7 17.1
1.8 B Aol i | Fol ke 19.8
3.1 0~4 34 19.7
Kiaias sy 4.4 0~9 16 19.8
20.1% 5.6 0~14.3 11.5 19.7
6.9 0~28 10 19.7
8.2 0~38 8 19.7
1.8 9] =AY fle | HAolaEqk 24.1
3.1 0~3.7 36 24.2
Kiaias sy 4.4 0~8.3 19 24.2
25% 5.6 0~13.5 13 24.1
6.9 0~26 10.5 24.1
8.2 0~37 8.5 24.1
1.8 9] =AY e | Aol AEe 26.2
3.1 0~3.7 42 26.2
Kiaias sy 4.4 0~7.5 22.3 26.1
27.4% 5.6 0~12.7 16 26.1
6.9 0~24.5 10.7 26.2
8.2 0~36 9 26.0
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327, W(LrD ] HAFA] whE vl et Ffisze] B FHAo] AR
\ko el
I vaedm | iss | a5Blm)

509 A% 0~22.5 6 14.9

w5 E21(10g) 0~21 9 14.9

g | 2F 0.5cm(20g) 0~20 11 14.9
15.0% | ¢F 1.0cm(43g) 0~18.5 12 14.9
°F 1.5cm(58g) 0~17 14 14.9

°F 2.0cm(76g) 0~15.5 16 14.9

509 A% 0~20 6 17.1

9= EA 0~18 10 17.1

Elaey °F 0.5cm 0~17 12 17.1
17.3% °F 1.0cm 0~16.5 13 17
°F 1.5cm 0~15.5 15 17.1

°F 2.0cm 0~15 17 17.1

509 A% 0~19 6 19.7

w5 4 0~17.5 10 19.6

Elaey °F 0.5cm 0~16.5 12 19.8
20.1% °F 1.0cm 0~15.5 14 19.7
°F 1.5cm 0~14 18 19.7

°F 2.0cm 0~13 21 19.9

509 A% 0~18 7 24.1

s E4 0~17 12 24.1

Elas sy °F 0.5cm 0~16 13 24.1
25% °F 1.0cm 0~15 15 24.3
°F 1.5cm 0~14 20 24

°F 2.0cm 0~12.5 23 24.1

509 A% 0~15 8 25.0

9= E2(11g) 0~14 12 25.1

g | oF 0.5cm(22g) 0~12 15 25.1
27.1% | °F 1.0cm(44g) 0~11.5 18 24.7
°F 1.5cm(60g) 0~11 25 24.7

°oF 2.0cm(81g) 0~10 29 24.7
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3 28. 5T gl mE = ¥ 7 AEEA
. F2(my/sec)
TE zage
(%) 5.1 5.3 55 5.7 6.0
0~12.3 0~14.7 0~15.7 0~17.3 0~19
AHE-F0](cm)
(12.3~437) | (14.7~46.3) | (15.749.7) | (17.3~53) | (19~59.7)
15.0
EAJo] AT sec) 11.7 11.0 10.0 9.0 87
HEG 1 H %) 15.0 15.0 15.0 14.9 15.0
0~11.7 0~13 0~14.7 0~16.3 0~18.3
AHE-F=0](cm)
(1.7~42.7)| (13~45.7) |(14.7487) | (16.3~52.0) | (18.3~55.7)
17.8
EAJo] AT sec) 13.0 12.3 11.3 10.3 9.7
HEG 1 H %) 17.7 176 17.6 17.7 17.7
0~10.7 0~12.3 0~137 0~16.0 0~17.7
AHE-F50](cm)
(10.7~40.7) | (12.3~44.3) | (13.7~47.0) | (16~49.7) |(17.7~55.3)
20.0
EAJo] AT sec) 15.0 14.7 133 12.3 11.0
HEG 3 H %) 19.5 195 19.5 19.4 19.4
0~9.0 0~10.7 0~12.3 0~137 0~15.7
AHE-F=0](cm)
(9.0~36.3) |(10.7~40.3) | (12.3~43.3) | (13.7~47.3) | (15.7~52.7)
25.2
EAJo] AT sec) 16.0 15.3 14.0 130 11.7
HEG 3 H %) 25.0 24.9 25.0 24.8 A7
0~8 0~9.7 0~11.3 0~12.7 0~14.7
AHE-F0](cm)
(8347 | (97-39) |(11.3~417)| (12.7~46) |(14.7~48.7)
27.4
EAJo] AT sec) 16.7 157 15.3 137 12.7
HEG 1 H %) 26.8 26.7 26.8 26.7 2.6
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3 29. S5 gl mE s ¥ 7 AEEA
3L 2~
g R—— S2(m/sec)
(%) 5.1 5.3 55 57 6.0
0~12.0 0~14.0 0~16.3 0~18.0 0~21.3
AHFH30](cm)
(12~40) | (14~43.3) | (16.3~49) | (18~51) | (21.3~59)
14.8
ZAo AR K sec) 10.3 9.0 8.7 8.0 7.7
5w H %) 14.7 14.6 14.6 14.6 14.6
0~11.7 0~13.3 0~15.3 0~17.3 0~19.3
AHFH30](cm)
(11.7~38) [(13.3~41.7)|(15.3~46.7)|(17.3~50.7)[(19.3~55.3)
16.2
ZAo AR K sec) 11.3 11.0 10.0 9.3 8.3
5w H %) 16.1 16.0 16.0 16.0 16.0
0~10.3 0~11.7 0~13.3 0~15.0 0~17.3
AHFH30](cm)
(10.3~37) | (11.7~40) [(13.3~45.7)| (15~48.7) [(17.3~51.3)
19.2
ZAo AR K sec) 12.7 11.3 10.7 10.0 9.3
TGS H %) 19.0 18.9 19.0 18.8 18.8
0~9.0 0~10.3 0~11.7 0~12.7 0~14.7
AHFH30](cm)
(9.0~36.3) [(10.3~38.0)|(11.7~43.7)|(12.7~47.3)|(14.7~50.0)
23.5
ZAo AR K sec) 15.7 14.3 13.0 11.7 10.7
FEF5wSH %) 23.3 23.3 23.1 23.0 23.0
0~8.3 0~9.7 0~10.7 0~11.7 0~13.3
AHFH30](cm)
(8.3~33.7) | (9.7~36) [(10.7~40.3)|(11.7~41.7)|(13.3~46.7)
29.3
ZAo AR K sec) 17.7 17.0 16.0 15.3 13.3
5w H %) 28.1 28.0 27.9 27.9 27.7
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3 30. SEV ol whE A ¥ V)5 AEEA
5 4{(ny/sec)
il T
(%) 5.1 5.3 55 57 6.0
0~12.7 0~14 0~15.3 0~17 0~19.7
AHFH30](cm)
(12.7~41.3)| (14~46.7) |(15.3~49.7)| (17~52.3) |(19.7~58.7)
15.3
ZAo AR K sec) 12.3 11.3 10.3 9.7 8.3
5w H %) 15.2 15.2 15.2 15.2 15.1
0~12 0~13 0~14.3 0~16.3 0~18
AHFH30](cm)
(12~40) | (13~43.7) |(14.3~47.7)|(16.3~51.3)| (18~56.7)
17.3
ZAo AR K sec) 13.3 12.3 11.3 10.0 9.3
5w H %) 17.2 17.2 17.1 17.1 17.1
0~10.7 0~12 0~13.3 0~15.7 0~17.3
AHFH30](cm)
(10.7~39.3)| (12~42.3) |(13.3~46.3)| (15.7~51) |(17.3~55.3)
19.6
ZAo AR K sec) 14.0 12.7 12.3 11.3 10.0
TGS H %) 19.4 19.3 19.3 19.2 19.1
0~9.7 0~11 0~12.7 0~14 0~15.3
AHFH30](cm)
(9.7~38.3) | (11~41.3) [(12.7~44.7)| (14~50.3) | (15.3~53)
24.9
ZAo AR K sec) 14.7 14.0 13.3 12.7 11.3
FEF5wSH %) 24.1 24.0 23.7 23.9 23.8
0~8.3 0~10.3 0~11.7 0~13 0~14.3
AHFH30](cm)
(8.3~36.7) [(10.3~40.3)|(11.7~43.7)| (13~47.3) |(14.3~50.3)
27.4
ZAo AR K sec) 20.3 18.3 17.0 15.0 13.7
5w H %) 26.6 26.1 26.2 26.0 26.0
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1 31, S5 gl e 5ot ¥ 7 AEEA
5 2 (my/sec)
T zqem
(%) 5.1 5.3 55 5.7 6.0
0~11.7 0~13.0 0~15.0 0~17.3 0~19.3
AHE-=0](cm)
(11.7~39.0)|(13.0~44.7)|(15.0~47.3)|(17.3~52.0)|(19.3~58.7)
15.5
ZAoAAA K sec) 10.1 10.4 10.8 11.1 115
= I C) 15.4 15.3 15.3 15.4 15.4
0~11.0 0~12.7 0~14.3 0~16.3 0~17.7
AHE-=0](cm)
(11.0~35.7)|(12.7~41.7)|(14.3~45.0)|(16.3~50.3) |(17.7~56.0)
17.5
EAo] AN K sec) 15.4 15.3 15.3 15.4 15.4
= I C) 17.3 17.3 17.3 17.3 17.2
0~9.3 0~10.0 0~12.7 0~14.0 0~16.3
AHE-=0](cm)
(9.3~33.3) [(10.0~37.0)[(12.7~42.7)((14.0~48.3)|(16.3~53.3)
20.3
EAo]AAA K sec) 17.3 17.3 17.3 17.3 17.2
=L I C) 19.9 20.0 19.9 19.9 19.9
0~8.0 0~9.7 0~11.0 0~12.0 0~13.3
AHE-=0](cm)
(8.8~31.3) | (9.7~35.7) |(11.0~38.7)((12.0~44.7)((13.3~49.3)
23.7
ZAJo] AN K sec) 19.9 20.0 19.9 19.9 19.9
551 %) 23.2 23.0 23.0 23.0 23.0
0~7.7 0~8.7 0~9.7 0~11.0 0~12.7
AHE-=0](cm)
(7.7~29.7) | (8.7~34.0) | (9.7~36.7) [(11.0~40.7)|(12.7~46.7)
26.5
ZAJo] AN K sec) 23.2 12.0 23.0 23.0 23.0
= I C) 26.0 26.1 26.1 26.1 25.8
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3 32. S5 gl mE dF ¥ 7 AEEA
5 4{(ny/sec)
TE L saggw
(%) 5.1 5.3 55 5.7 6.0
0~13.7 0~14.7 0~16.7 0~18.3 0~20.7
AHFH30](cm)
(13.7~42.7)|(14.7~44.7)|(16.7~49.3)|(18.3~53.3)|(20.7~59.0)
15.5
ZAo AR K sec) 12.3 11.7 10.7 10.3 9.0
5w H %) 15.4 15.4 15.4 15.3 15.3
0~12.7 0~14 0~16 0~17.3 0~19.3
AHFH30](cm)
(12.7~41.7)| (14~43.7) | (16~49.0) |(17.3~52.0)|(19.3~57.3)
17.5
ZAo AR K sec) 14.3 13.3 12.0 11.3 9.7
5w H %) 17.4 17.4 17.2 17.3 17.3
0~12.0 0~13.3 0~14.7 0~16.0 0~18.7
AHFH30](cm)
(12.0~40.3)((13.3~42.7)|(14.7~48.0)| (16~51.3) |(18.7~56.3)
20.6
ZAo AR K sec) 16.3 15.3 14.3 12.7 11.3
TGS H %) 20.2 20.1 20.2 20.2 20.0
0~11.7 0~13.0 0~14.0 0~15.0 0~17.3
AHFH30](cm)
(11.7~39.3)((13.0~42.0)|(14.0~47.3){(15.0~50.7)|(17.3~54.0)
22.6
ZAo AR K sec) 17.3 16.3 15.3 137 12.0
FEF5wSH %) 22.0 21,8 21.9 21.8 215
0~8.7 0~10.3 0~11.7 0~12.7 0~14.0
AHFH30](cm)
(8.7~38.7) [(10.3~41.7)|(11.7~47.0)|(12.7~49.0)| (14.0~52.7)
27.0
ZAo AR K sec) 22.3 19.3 17.3 15.7 14.3
5w H %) 26.5 26.2 26.1 26.1 25.8
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A 3 A RAATFSANZE AREE] Ae D Rg
1. AAAGEAN 2 13} ARES) A%
7L AR A
AAAFSAA ]S o}z TP 47} fls ARl ® arevkek A+

2]

% gl AElolth. whebd 13} AAES AAASSAA AR SR 57

o,

T8 AARMARD AEY, B, Aol Vs, 18] AR 13 A7
ARRE 71 dEE AR T, $8719 8% o2 oF o] Ad¥AnE o898

of AABIH. FsolM dad T59 TEo AL N EFe WHFH, she,

Qn), =0k AF) ] FgH(15.5~27.0%) 2 AT EAFA 0.5em(2~3Y
)E 7R W} HHole] Bfsolxke) 1w S-S (critical velocity)S ©]8

sialer, 72350 Al =it AKS A 0612-1992 1 Z=Q17]r] 2|7k
T S99, KS B 6311 : $57] Ag¥H) ¥ o] 5(1990)9] A+43E #Hal
slon oS A= nlglo 7 AAsle] =wS 2SI

o], o], AF|Ql W, &S A
AOIJATHE 33). A7) &

% ol=d T A9 thHE(96.3~97.3%)= *
A=l A= FHgole) ol&S T AAuPteR MAgsigion, 2 A7)

Fepe Ado] 7hsshes eIt
=]
=

il gloms AAA)

i

FHl ¢ 570 el Wel deaE A™I BAole] Tlskekd BAA], &7

_

sHe 52310l tie 54 A¥K2d) 7IFAEel 7w, 7R

o]
2 el BAPIEE olgste]l ARt Zgole] nidA e (flight distance) 2l
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2 13F ARRERS T YA gaEAl sy B/Es sHAA AR As A
% 5 7eksle] HPAEe 28, AlRHES 300g AES ]HEoR dlgon,

2
Atk Fwo Ae Hz MExdown AAW vle] Ao EZ|izo)
0.5cm(eF 2~3% 7)), ¥4 5.1m/sec(=TH AAA 10.1m/sec ), F-
=o] 25cmolskE o]&3ste] AAIEIITE o] oF 300gS E4Eo] 0.5cm= E
g o 9Fy HAL oF BemFwoldled, AN ddatAe oF
s3It T T o
XS =wsl] Yeto] = Trd KS B 6311(5F7]2 Ad 2 Axpg
W), KS A 0612(x47]7l o3k FR5AMH) A Fate] ARARRs
5.0x15.0cm(8§XL), &71ZTHL 120x120x120cm(WXL <H)Z A5k}

>,

w
w
J
X
w
w
EN|
(@]
!
2
2
N
=)
aC)
X,
O
=)
B
w
1
X
w
(o3}
(@]
=)
it

FF7] 0 S FEU9 FE5(5.1nsee) ¥ 5o A (0.1225m) 9]
AZHE oF 37.5mmin¢| e, A T UF-9} Alo]EEod A st

g 7elste] A oF 50mmAq FFo2 AAIEITH
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19 19. RPCOIA AREE2l 9 JaregaeA| =8l

1 Type RS—232C

2 Baud rate 9600 BPS

3 Data bit 7 bit

4 Stop bit 1 bit

5 Parity bit NO Parity

5 Data format STX(AIZH + DATA(Z®] : 60)

ala lorma + ETX(Z — % 62Byte)

7 Cable link method 25pin 7]

AAAFE e AMRA PG AW AFRS e FHoE A%

A SH2ALANA A F-ES 1597502 kst A2 dA] AREFo]

v, AARAGE B Aol AEtEE AMZAGA 2B A et glolth AAR S
SAN RN FAsHE X AR B FRWDH (M), AT F
FW) 3 FgrEM)RA, ols FAE ol&sto] wol e oledel &i&
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(FMR)& T8k ths A(6)3) 2o, olad Tdds FE AdAes v 4
(7)3} #opxint.

A% = (Hopper scale S45)X(AZAGT)X(AXRT) . (4)
M, —M,
Wo=Wox(1+ 0y 100— M ) e (5)
A7 Wy ¢ S At adE AT W S e)
w
1 Wa
AR=0-YHaw (6)
J714, FMR : o]&d &4&(%)
PI = 1_00 ......................................................................... (7)

o1714, PI : We] AR

ole} ZE FHFTUI| TSR ARG ANAS A8ste] s &
32 13(Boland Delphi 6.0)o4 w|QlsbHT} databased] 3t 3pHL v} 1¥
202} )Tt
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2k, Al A1

o 14 ARRE A7)
AR BAAFZRA AR 1A ARES e 29 213 29
18] o 202 AEE wslel PrEe SHss Fu

A Fo wele
2 0~3kg?] FHA(F}2, BC—3A), AZ2FZM(46m’

(Kett, PT_2OOQ), %O"ﬂ P la=t
/minx<100mmAq, 2HP)o|lom, Z}=
e AFES 9% FTIETIE F7IAR] () FLT AN AR

AL

E= 211
= Fokg 7W97](air cylinder, solenoid valve
A& AHESH

( AARE

(CFg 221003} wjEe

(FEE
T 21 AAXFERN S 13 ASE e AR
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2. 12+ A2ES] 294l 3 BY

7). A

w7k sl HAEIGEA oy, FEulel 371RE 0 3715 2719 4
A4 o, AANE, AYEEE L PrE WEE Sgsl] UAFERN2Y
o 71 e SA9e) L Fael A AEsir)

W7E st BHEA=A 5= 300g2] BlE AAlR Fste] HAGHE
48131, A FEHAY 5.1~6.0m/secAtololA] Hfizols FAsle] AA
Ffzol(9F 16em) s FAsl=AE Adeielth. Fsule] 27lwx 9 371
g2 7] AR R IIdEAS Faer &8k A S avE
2NN AFAR ARl o 238 sl Bl 79 e o83t

7 AFARHE 49A/)H) - F5S 455 A (VelociCal, USA) =2 SA3FIATH

Aol AR Alss 20030 3k BQE WMRA AN 24 RPCO
A BEPIEI(SF 29%) 2 Tolske], oF dkgUl9le] ElE W TASe] —5C
Farel] Bk Jlown, A9 194 Aol 2Eg 2ddte] B

H o] Ffigole B 300gS Tl T & F5719 HHE A4St 5
4.613} 5.57m/secoll A Bl S=818(15.9~28.9%) % A F-fizolE A3
o e HuAs AN @ Adolw, dRHFoRA A
(CTR—800E, Shizuoka Seiki, Japan)® Z4al3on, 49 FHAZS o|-&3}o]
BAAGE Tk

U A% 8 n@
1) FEole] ¥ 7 BT 54 4 5e
FALEY Fool % 23RN M BN vle] HHT
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rlr

ok 0.5cm (1 2~32 FAD oA 13} AAAGFZAHA| B AZREEL 2
3717} 35X35cmE AA B F9TE B B 300g2 FYT w TGt 2
dut FAA HAEQon AAHoR HHxolr} FAsH] ol &
EAE BB Wy} 28311 o} Mdo] Erlsslan)

ole] mehHoR FEI/|G Fas TU HAT F Ui gAY ¥
Q= el g AT A, vlwd FUH Fo] Fhsaih

2) U9 371 B 7|4EAY 7124

sUel T&5e wdAde ERE] flste] =EditA(KS B 6311, KS A
0612)°ll F=3k] AFAAR= 5.0x15.0cm(6XL), 57157 120x120<120cm
(WXLxH) & AA|, Azfeii o), g7]swde] swestAl 71 A RPCell x|
SRkl tids] & Ao dPdEdek whebd 7] 78 HAagow
a17] {8l 19 22(h)9F o] IR A& Sl FHY IS S
g3t

TE 4~6n/secAtolollA FF7] HHE 2AEA BFRAAL ANolN $EF
H35e SO 22(0)3 Ay v i 359 Wit HAETES A4
4.61+0.787m/sec, 5.57+1.036m/sec, 6.42+1.150m/secE WERHo] zF |HH
zpo]7F BABEAL QIRATE ARZRe] RA R R BA| A A 9] Fgo] M
Ha) S elton, B3], vt Ao geA $HEo 2 whgolxl TR ot
Al vebsth, AFAz el A3 v 23 el E T zfe 7 3RS
oF 5ol Bt At dad low vepdth webA S A arlE =

ol Wi Tk 2ARe] AAlge] Fasigir
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(b) &7 de] g+ 271 =4

3L O
T =

B REE
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2]

o 5.57m/sec

3

3

(b)

7+ 4.61m/sec

E

3

(a)

5.00|5.42|5.46|6.15|6.28 |5.76 | 2.98

0.95[5.986.10(6.83|7.05]|7.05]3.92

5.93]5.53|5.60(6.03(6.78|7.18|5.39

4.64|4.86(5.35|6.00]6.28 |6.98|5.51

4.29]14.49(5.4115.95(6.28|7.13|5.30

4.4814.60(5.12|6.03(6.60|7.10{4.80

4.0314.43(5.00|5.65]6.25|5.47|2.61

4.62|4.1014.55]4.81|5.05|4.66 | 2.29

0.4414.7115.18]5.29(4.10|5.78|3.86

4.7514.8214.70(4.95]5.55|6.15|4.15

4.20]4.31(4.64|4.78(5.10|6.03|4.39

3.9514.15|4.53|4.74|5.28 |5.78 | 4.74

3.01|3.65|4.41|4.64(5.50|5.68|3.89

3.50(3.854.2814.69(5.22|4.61|2.50

I 6.42m/sec

|

hyE

(c)

6.206.0016.10|7.10|6.95|6.68 |4.05

6.65[6.986.93|7.60(8.08|8.63|5.44

6.28]5.7016.63]6.75(7.78|8.40|5.88

4.7515.39|6.05|6.45(7.25|8.15|6.38

5.1915.505.74|7.00(7.03|8.30|6.83

4.9315.30(6.15(6.70(7.35|8.20|5.73

5.23]4.92|5.7816.55(7.18|6.94|3.05

, BESA (AL, Trast

3) AXEH

ol
o}

|t

3z
o

A ek, mebA

S

,91,



Weol Hit Hfiizols tr 3% 3604 & 5 Aol T 4.61m/secToll A
8~18cm, ¥4 5.57m/secTolA oF 22~30cmE UERNNOH, EHA ol W=
ZAFAT AYRTR= B2438E v Hujigisols E& 4 61m/sect =0l
A 20~26cm, &% 5.57m/secTollA oF 35~42ecmE HERASITE Al 249] A
o AHARZ SA4% T4 5.1~6.0m/secHYNA F-f3=0] 25cmolAHT= o}
A =S @S UERIE, ol vy 2asite] ZF ARe] FEARel7) 1A} A

Z2pEo] A AR He 7] wio s hdE gk

o) %% 4.61m/sec %< 5.57m/sec
HE(R) | Firfieo] | Aoifeol | Wiifol | Aol
(cm) (cm) (cm) (cm)
15.9% 12~18 26 27~30 42
18.0% 10~15 25 25~28 40
20.6% 9~14 23 23~26 37
25.6% 8~13 21 22~25 36
28.9% 8~11 20 22~24 35

U 3 37, 382 S5 s wslel AFARL ARlA Hitedo] 7t
4.61m/sec, 5.57m/secd H(Eeh e 818 (15.9~28.9%) s W3 2
ARAAGTE S35 Aot} g & 5 o] A e we] 82 0.3~

2.3%74% 2o} Al o, Sado] mEs AT AT wol 24

S

NS

,92,



olflof| = g8 W7} FT& o] FE wiep FeolA AES visE wele
el 7157F glofof shes Fsshi-ot 37t by —pass&

Arjete] HHz Aol TFeES sidlov, wAg Hye Awow <l Fsu
vl 7157 2Aete] Aol &4E 2SIt Air cylinderd] #EEEE

Solenoid valveZ ZA3le] A8k Ay} B+ 7]Fo] 2AS 9hs = ATk

E3 AT ME aete] gaEs Ssks WA oR sl el B
o] AYste] W5 F-2sto] AA|SISITh
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3 37, 5 4.61m/sec(BFAA P w W(Eeh o srEst B MRS
rERis) R

a0 | Hzatme | slomo | =opma

o | e | T | Wee | PRep | P
15.9 15.4 0.6 9.5 288.6 3.82 0.9618
15.9 15.4 0.5 9.0 289.3 3.57 0.9643
15.9 15.6 0.3 8.3 290.7 3.11 0.9689
18.0 17.6 0.4 9.5 289.1 3.64 0.9636
18.0 17.6 0.4 9.3 289.2 3.61 0.9639
18.0 17.5 0.5 8.8 289.6 3.48 0.9652
20.6 19.7 0.9 9.6 287.1 4.28 0.9572
20.6 19.8 0.8 10.2 286.9 4.36 0.9564
20.6 19.9 0.7 8.1 289.5 3.51 0.9649
25.6 24.5 1.1 12.3 283.4 5.54 0.9446
25.6 24.1 1.5 10.7 283.6 5.47 0.9453
25.6 24.3 1.3 9.9 285.0 5.00 0.9500
28.9 26.6 2.3 10.9 279.9 6.70 0.9330
28.9 27.2 1.7 9.6 283.5 5.50 0.9450
28.9 26.6 2.3 11.1 280.0 6.68 0.9332

,94,



£ 38, B4 5.57mlsecCRAR S 1 M(5D) Paus 2 GaAs
H-as) EREES

s s s o

T T deen | "G | W | PRGR | P
15.9 15.3 0.7 24.4 273.4 8.86 0.9114
15.9 15.5 0.4 27.2 271.5 9.50 0.9050
15.9 15.6 0.4 21.7 277.1 7.63 0.9237
18.0 17.5 0.5 26.2 272.1 9.32 0.9068
18.0 17.5 0.5 27.6 270.9 9.71 0.9029
18.0 17.5 0.5 19.5 278.8 7.07 0.9293
20.6 19.7 0.9 22.1 274.8 8.40 0.9160
20.6 19.8 0.8 22.6 274.5 8.49 0.9151
20.6 19.5 1.1 19.8 276.4 7.88 0.9212
25.6 24.3 1.3 21.8 273.4 8.86 0.9114
25.6 24.0 1.6 19.5 274.6 8.47 0.9153
25.6 24.2 1.4 16.6 278.3 7.24 0.9276
28.9 26.9 2.0 19.5 272.7 9.10 0.9090
28.9 26.9 2.0 19.4 273.0 8.98 0.9102
28.9 27.1 1.8 17.1 275.9 8.03 0.9197
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3. Al 22k A|Ee] Al=F 2 Bt
7k Al 22 A2 AA R AR

22k ARl Al 1AF AJRRERS] AR A ESel YERd EAIRE
SAoAl ARbete] 12 AlRREI sdR W o ® AAISRIT

12} AJARES Al H8H(300g) = 7o ofA-FAIE o]8dte] Al%ts)
Nom, FFHFS Tl AT VA SAdE et 2vF A%
= & T AT 2y o AlRES AR we T 2717 AA
TEHY] Extdo] AA AR dAdEAS AF ol FA7F Bassion, A
A1 A7)5% A A A AX RPColl A-8st7]ell & 3H4%] Algte] Wakth whebA
12 AlERS Bl | it A83e Aol FaL 23k AR EEE AlFte)
RO, FAHTR= HeS ARgste] Azkeigich

AAgeel Alzrle] HAAR] V|EFEE 12F ARREY FdEAl AAEIele
W, AEFS AAAGFSAA=TAA Ao e A st AgAgbH el 1
b AR 1/35ER] 100gE 7Ieo® skt El#ize] 0.5cmH2 F52]
A7 20X20cmE 7]so® dlglon, FETHS T57]5 6m/secd Wl 14.4
cmm, ZUL AIFES 7kl 30mmAqol S VIFo® diglen, $E7)=
AlZFW(IHP, 30cmm><50mmAq) 22 itk Fsule] BFAR= 2.5%4.0cm
(6<L), &71948 A (plenum chamber)S 53 sde|= AA| AZSATH
716 A B TS 1AF AR sYE S ARSIl o, Alztel] AR
WS 9 233 2o, 23 ARRERS: 19 249F A



7 bl *g Bl 2

i 170x200 i
2 110x136 1
1,300 3 1
4 110x136 1
5 16mmx50ST 1
6 1
7 16mmx150ST 1
8 | ZS@aed | 16mmxs08T | 1
[9] w=gad T6mmx50ST | 1
/\ ﬁ H 9 0 200x200 [
K\// EJ @ 11 SINGLE 1
12 40mmx1258T 1
13 110x136 1
T4 i
15 1
16 1
580 17 45CMM 1
EIIRLES 380mm i
170 &l 800
8388 r'_" )
L 0 |
| | ® LiEp |
- = © N
L — |
< y4 @
%’ﬁz% g ® l i
= 7
3 -
(- ® . 7
(@] N
@
® B | | |
® e ®
2
st A F A2 Y
® UKL BYAAY — L W Frywe
J— seu 1/1
2 me
a0 3 Wee
Iy oweNa. e
N ES T /
=2 ]%z ]/\Eﬂ ‘]. ]x —"19/] Zo0 MHAC
2% 23, AARFSAPAIE 23F AIRRES] 8 A AR
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a3 24, ARARGFZAAAE 23} A ZRE AR

AT WU 1A ARRR Sdsl LVIAIE) Y] sl sk e

AN
u, Alo]2Ee] Axel me AWS: $E7] WE mdshuA b F
ol AFAL sk hEsAY S Allel BEE 870e] TS el 57

aglom, AY=Aol= pitot tubedt 4% TAE whewE|(2655, Yokogawa,
0.0lmmAq)E o]&3}3itt

,99,



o

@ Feolel Wef wd HAR 54 1 23} AAES S5 A717F 20%<20em=
A 12} AJRRE] 35%35emBL) Zo] ME FAsH HA3 4 9 R
= AAskslen, At v BEAels R o FHAHoY £

o] AAE HARRE AAH7]) BT 25(a, b, )RE),

AV

3.88m/secTwolAl 3~6cm,  FTH  4.99m/secTollA 6~9cm, T
5.81m/secTolA 13~20cmE YERS] & Ffi==o] oF 15ecm T2 7

P F55 5.0~5.81m/secrol A A o] A1 laa & o AU

A
APAAFA Y] HYS 1.95mmAgeIR oL, Alo|EFERS RaelW E4Ho
2.67m/secE 7HAEAA A 17.12mmAgqE ¢F 15.17mmAq7} 5718k
whaha] Alo]E2oA] Rl A2 Q = Aol ko] Ags| 2 A 7okslo]

Afe]FE Bl olEHo] AUAl ol o] Ahwsly) WA ks &)

- 100 -



() FATHOR A5A HA B (b) AAHE Bk

o

(c) #dsHAl g4

rit
o
>
e
ol
offt
)
_|>L
2

lu

fu
lo
a0
il
1
S

(e) S & pitot tubeE °l-&3 5 B AUSA

7 25, AAAFSAGAAT 23 ARS8 54 B Bk
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2]

6.81m/sec

5.40(5.68(5.75(5.80(5.75|5.50{5.33|4.33
6.60|7.53|7.58|7.58|7.50|7.55|7.40|6.05

- 102 -

-
it

%2 5.81m/sec

(e}

]

RyZ

(¢)

4.06[4.23|3.99(4.23|4.18(4.05|3.91|2.67| |4.96|5.38|5.40|5.43|5.43]5.43|4.83|2.54

5.95(6.38(6.35|6.30(6.33|6.33|5.45|2.83| 16.03|7.35|7.63|7.50|7.33|7.33|6.93|5.63

3.38|3.22|3.43|3.47(3.41|2.75|1.30|0.89| [4.19]4.83|4.42|4.85(4.11{4.10{3.02|1.95
4.06]4.45|4.13(4.08|4.13|4.33|2.24|1.16| |5.11]5.73|5.58|5.50|5.35]5.25|4.34|2.74
3.61|4.44(4.54|4.48]4.49|4.66|4.15|2.30| 15.55[5.83|5.60(5.58]5.75|5.58/5.30|3.88
4.2314.51|4.39(4.22|4.42|4.48|4.48|3.84| (5.33]5.60|5.58|5.73|5.63|5.55|5.45(4.57
4.02|4.3614.39(4.26|4.21|4.34]4.32|3.45] [5.17|5.53|5.53|5.45|5.53|5.53|5.33(3.91
4.23]3.88|4.49(4.30|4.42|4.45|3.51|2.40| [4.59]4.99|5.13]5.30|5.06{5.13|4.23|2.40
4.90]5.05]4.92|4.36|4.96|5.06{3.39|1.56| [4.32|5.70|6.73|6.03|5.98|6.25|4.94(3.91
6.30(6.73(6.70|6.53|6.55|6.63|6.30|3.66| [6.70(7.78|7.68|7.75|7.73|7.80|7.10|6.53
6.35(6.58(6.63|6.68|6.83|6.80(6.50(|4.80| [7.03|7.63|7.70|7.65|7.80|7.78|7.55|6.48
6.33|6.70(6.58|6.63|6.83|6.58|6.58|5.07| |6.88|7.48|7.53|7.78|7.75|7.73|7.60|6.43
6.00|6.45|6.35(6.68|6.38|6.43|5.43|2.60| (6.38|7.28|7.55|7.53|7.55|7.35|6.63|4.34
5.98|5.78(6.18|6.20|5.78|6.28|4.46|3.04| |4.53|5.95|7.05|7.28|7.03|6.88|5.00|2.35

4.21]4.49|4.48|4.50|4.54 |4.66|4.46|3.42
6.18|6.50|6.58|6.58(6.53|6.65|6.45(4.31




3.88m/sec 4.99m/sec 5.81m/sec
15.7% 5~6 9 19~20
18.1% 4~5 8~9 17~18
22.0% 3~4 8 15~16
25.1% 3~4 7~8 14~15
27.8% 3 6~7 13~14

T | 23" A | 23" F- =55 AT PR | 23" s
(m/sec) | AU (mmAq) | ¥ (mmAq) | (m/sec) | AH(mmAg) | AH(mmAq)

3.93 1.13 2.40 2.57 11.27 11.86
4.88 1.50 3.84 2.83 14.12 14.85
5.86 2.32 5.38 2.99 15.80 16.37

3 42. N5(100g) SN AlelEE Fafefioll e vhaamsl A, shtollxe) st

ARELREES AEESREE Py
To | A39 AN | 239 SN | EE | 239 AN | 239 &
(m/sec) | ASHmmAQ) | eHmmAa) | (m/sec) | 43HmmAq) | A5HmmA)
3.52 0.82 4.73 2.32 8.97 13.13
4.47 1.32 5.95 2.45 12.17 15.48
5.23 1.95 7.26 2.67 13.65 17.12
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Ao}, ToA & F o] AM AT W] FFES 0.3~1.9%8% A}o]
7F wAEglon, dpgo] wagE AlHNAT Ao AXle RS &
T ATE 2 1A AR 9ok Akl ARA 9] SEeE
(35.0C, 47%RH)= thebs] Dotgh =X, RPColl W7} wil¥= 714 9]

7S AR A S Wishe o] A4 & Ao w AdE g,
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T 43, F4 3.88m/sec(ARAA Y o H(Fehe] F4gwst W AHAS
gz BAA 5

A DR PP R

R | ASEE | T TR | o) | PR | P
15.7 154 0.3 3.5 96.2 3.79 0.9621
15.7 154 0.3 3.5 96.1 3.86 0.9614
15.7 15.3 0.4 1.9 97.6 2.36 0.9764
18.1 17.7 0.4 1.9 97.6 2.42 0.9758
18.1 17.7 0.4 3.2 96.3 3.67 0.9633
18.1 17.7 0.4 3.8 95.8 4.23 0.9577
22.0 20.9 1.1 3.1 95.5 4.48 0.9552
22.0 20.7 1.3 3.4 95.0 5.03 0.9497
22.0 21.0 1.0 3.1 95.7 4.29 0.9571
25.1 24.1 1.0 3.5 95.2 4.78 0.9522
25.1 24.5 0.6 3.7 95.5 4.50 0.9550
25.1 24.4 0.7 3.1 96.0 3.96 0.9604
27.8 26.8 1.0 3.4 95.3 4.73 0.9527
27.8 26.5 1.3 3.5 94.8 5.21 0.9479
27.8 26.8 1.0 3.5 95.2 4.77 0.9523
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3 44, T 4.99m/sec(AFAA sHH Y o W(Eh ] FEst B AR
gzt A XA

N g | geng s

P E| T E| TS TR | e | BRep | B
15.7 15.2 0.5 3.7 95.8 4.18 0.9582
15.7 15.3 0.4 3.2 96.3 3.69 0.9631
15.7 15.1 0.6 3.6 95.8 4.21 0.9579
18.1 17.5 0.6 3.3 96.0 4.01 0.9599
18.1 17.6 0.5 4.0 95.4 4.60 0.9540
18.1 17.6 0.5 3.1 96.3 3.71 0.9629
22.0 20.8 1.2 3.5 95.0 4.95 0.9505
22.0 20.7 1.3 3.2 95.2 4.76 0.9524
22.0 20.8 1.2 3.5 95.0 4.96 0.9504
25.1 24.1 1.0 3.5 95.2 4.77 0.9523
25.1 23.9 1.2 3.3 95.1 4.87 0.9513
25.1 24.6 0.5 3.4 95.9 4.10 0.9590
27.8 25.9 1.9 3.6 94.0 5.99 0.9401
27.8 27.0 0.8 3.6 95.3 4.70 0.9530
27.8 26.2 1.6 3.2 94.7 5.30 0.9470
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3 45. F5 5.81m/sec(AFAA s Y o Wb 9] FrEst 2 AdA
st 2] 4=

e 15s | Slmtms | Shmomal | =oreis

o e | T | T | W | R | B
15.7 15.0 0.7 4.2 95.0 5.03 0.9497
15.7 15.0 0.7 3.7 95.5 4.47 0.9553
15.7 15.2 0.5 4.1 95.3 4.71 0.9529
18.1 17.5 0.6 4.0 95.3 4.66 0.9534
18.1 17.4 0.7 4.2 95.0 4.95 0.9505
18.1 17.6 0.5 3.6 95.8 4.23 0.9577
22.0 20.7 1.3 4.4 94.1 5.95 0.9405
22.0 20.8 1.2 4.0 94.5 5.46 0.9454
22.0 20.9 1.1 3.7 94.9 5.12 0.9488
25.1 24.5 0.6 4.2 95.1 4.92 0.9508
25.1 24.3 0.8 3.9 95.0 5.00 0.9500
25.1 24.1 1.0 3.8 95.0 5.01 0.9499
27.8 26.7 1.1 4.0 94.5 5.48 0.9452
27.8 26.5 1.3 3.9 94.4 5.64 0.9436
27.8 26.7 1.1 3.7 94.8 5.18 0.9482
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9, v, 89 5 ) BE 814 AR P4 Pl o a9
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18

16

r’=0.2716

® Measured
—— Predicted

—~ 14} o o °

10 12 14 16 18 20 22 24 26 28 30
=2 (%)

% 30, 3N HE WY s B 9 g e Ffasol
S, MRS ke v 7 429 @odT) Bl & ¢
0.9371% thi WA Yepd=d], dFolA B8g U= A5 Gaks vd Ao
2 A= oy weba Hero] WAEA] RS 1o gt 7heo] FasigivH L

2 31).
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F 42, A2xF AFE o2 RPCEANA SH3 AXXG 3k
P (%) R
I . Mo Mi—M: [Wi—Ws(2)| W'2(g) | FMR(% PI
1 20.6 20.2 0.4 107 | 12961 | 7.20 | 0.9280
2 15.0 14.8 0.2 10.0 | 14269 | 6.33 | 0.9367
3 19.6 19.3 0.3 11.7 | 16133 | 6.38 | 0.9362
4 23.2 22.4 0.8 10.0 | 15835 | 4.99 | 0.9501
5 25.4 24.9 0.5 11.0 | 14972 | 623 | 09377
6 20.2 19.8 0.3 11.0 | 172.69 | 563 | 0.9437
7 20.7 20.5 0.2 11.0 | 16334 | 613 | 0.9387
8 19.9 19.5 0.4 9.0 149.13 | 521 | 0.9479
9 28.6 27.6 1.0 127 | 13817 | 727 | 0.9273
10 | 214 20.9 0.5 143 | 117.08 | 10.39 | 0.8961
11 | 125 12.7 —0.2 11.7 | 147.97 | 752 | 0.9248
12 | 267 26.4 0.3 107 | 13925 | 675 | 0.9325
13 | 164 16.4 0.0 8.0 135.32 | 559 | 0.9441
14 | 183 17.6 0.7 11.3 | 14414 | 6.61 | 09339
15 | 152 15.0 0.2 5.7 151.34 | 3.40 | 0.9660
16 | 216 21.7 0.0 8.7 13328 | 6.14 | 0.9386
17 | 187 17.9 0.8 8.7 14540 | 4.76 | 0.9524
18 | 174 17.4 0.0 8.7 133.32 | 612 | 0.9388
19 | 251 24.4 0.7 9.0 14535 | 5.00 | 0.9500
20 | 213 20.8 0.5 7.3 144.61 | 423 | 09577
o1 | 179 17.3 0.6 137 | 13223 | 880 | 0.9120
22 | 208 20.4 0.4 9.0 14535 | 541 | 0.9459
23 | 17.0 16.8 0.2 11.0 | 15640 | 6.35 | 0.9365
24 | 162 16.0 0.2 10.0 | 15869 | 573 | 0.9427
25 | 285 28.3 0.2 10.0 | 14407 | 6.25 | 09375
26 | 22.9 922.7 0.2 107 | 13095 | 7.35 | 0.9265
27 | 131 12.9 0.2 137 | 13825 | 885 | 09115
28 | 222 21.7 0.5 9.0 12718 | 6.03 | 0.9397
29 | 183 17.9 0.4 10.0 | 149.04 | 587 | 09413
30 | 198 19.4 0.5 7.0 144.85 | 4.07 | 0.9593
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3 42, A2k AFRESR RPCEGA A3 AHAG 2h(A1%)
e T5(%) X5
M M, Mi—M; [Wi=Wa(g)| W'2(g) | FMR(%) PI

31 20.1 19.9 0.2 13.3 143.77 8.23 0.9177
32 16.8 16.5 0.2 11.3 161.76 6.31 0.9369
33 22.6 22.2 0.4 10.7 139.08 6.65 0.9335
34 15.2 14.9 0.3 14.7 156.49 8.31 0.9169
35 24.0 23.6 0.5 11.0 152.24 6.22 0.9378
36 23.1 22.7 0.4 11.3 148.85 6.58 0.9342
37 17.3 17.2 0.1 12.0 152.27 7.16 0.9284
38 26.2 25.5 0.7 9.5 165.47 4.63 0.9537
39 17.5 17.2 0.3 10.3 150.27 6.08 0.9392
40 15.1 14.9 0.2 14.0 139.05 8.92 0.9108
41 24.3 23.7 0.6 13.0 157.90 6.94 0.9306
42 19.0 18.8 0.2 8.4 105.03 7.22 0.9278
43 23.9 23.0 0.9 11.0 158.86 5.44 0.9456
44 23.7 23.1 0.6 9.7 136.76 5.90 0.9410
45 22.8 22.3 0.5 9.3 157.07 5.00 0.9500
46 23.5 22.7 0.8 8.7 156.20 4.37 0.9563
Bt | 204 20.0 0.4 10.5 145.86 6.29 0.9371
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7). 33 NAFL A R AR
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RPColNe] % A8 AdE Eow gdsrAs Ananen, e 23
W OFY % ET Sl Hde] sd oBe] 4 915l ar cleaning
system® XSk, ThHE 2T MLk oA AT sl 4 e
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o] AeHielz dARAE EH FFNM FE2 oS FAH 245
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ooz QIgk v X SAE WA Sl RN AR 7]
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T 43. A3AF A|FEC R RPCAFNA SAT GRS
ak
FarE(%) W3} g4
=i
M; M. M — Mz |[Wi—Wa(g)| Wa(g) | FMR(%) PI

1 20.6 20.6 0.0 2.0 58.00 3.33 0.9667
2 21.6 21.3 0.3 1.0 62.21 1.25 0.9875
3 20.7 20.4 0.4 1.0 69.32 0.97 0.9903
4 24.2 23.6 0.6 1.0 53.39 1.12 0.9888
5 19.8 19.7 0.1 1.0 76.13 1.13 0.9887
6 23.7 23.4 0.3 2.0 68.27 2.48 0.9752
7 23.2 22.8 0.4 2.0 76.36 2.10 0.9790
8 21.9 21.8 0.1 4.0 94.12 3.96 0.9604
9 22.8 22.1 0.7 2.0 95.85 1.18 0.9882
10 23.1 22.9 0.3 1.0 84.29 0.83 0.9917
11 27.3 26.3 1.0 1.0 59.80 0.33 0.9967
12 22.8 22.5 0.3 2.0 75.26 2.26 0.9774
13 24.2 23.4 0.8 2.0 61.64 2.16 0.9784
14 22.1 21.9 0.2 3.0 83.21 3.24 0.9676
15 22.9 22.2 0.7 1.0 91.82 0.20 0.9980
16 21.7 21.2 0.5 1.0 56.33 1.17 0.9883
17 22.1 21.5 0.6 2.0 60.46 2.49 0.9751
18 18.5 18.4 0.1 1.0 86.07 1.07 0.9893
19 19.9 19.4 0.5 1.0 104.65 0.34 0.9966
20 21.8 21.3 0.6 1.0 82.59 0.49 0.9951
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43, A3FF AlREO.Z RPCEAONA 5743 AHX(AIS
Sra(%) Wst QAT
Sl
M My | Mp — My [Wi=Walg)| W) | FMR(%) PI

21 24.2 23.3 0.9 4.0 63.74 4.87 0.9513
22 21.6 20.9 0.6 2.0 103.83 1.12 0.9888
23 22.9 22.2 0.7 1.0 54.51 0.89 0.9911
24 19.8 19.2 0.6 3.0 93.69 2.41 0.9759
25 23.6 22.8 0.9 2.0 74.83 1.54 0.9846
26 21.4 20.6 0.8 2.0 96.00 1.03 0.9897
27 23.9 23.3 0.6 1.0 75.62 0.50 0.9950
28 20.5 20.0 0.5 2.0 80.53 1.79 0.9821
29 20.0 19.5 0.4 1.0 106.57 0.40 0.9960
30 20.1 19.4 0.7 1.0 66.60 0.60 0.9940
31 21.6 21.1 0.5 1.0 93.63 0.40 0.9960
32 28.0 27.1 0.9 4.0 88.07 3.21 0.9679
33 22.6 22.4 0.2 2.0 57.17 3.10 0.9690
34 22.1 21.5 0.6 1.0 67.54 0.68 0.9932
35 19.0 18.8 0.2 2.0 98.28 1.72 0.9828
36 16.7 16.4 0.4 1.0 105.46 0.51 0.9949
37 19.1 18.9 0.2 1.0 61.15 1.37 0.9863
38 23.3 23.0 0.4 4.0 53.25 6.57 0.9343
39 21.1 20.8 0.2 2.0 91.27 1.86 0.9814
3 | 220 21.5 0.5 1.8 77.73 1.71 0.9829
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