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Abstract

Drying is an operation which removes it after evaporating the moisture
of an object weight from heat. About 2500kJ/kg of fusion heat which
changes water into vapor should be heat transferred to a dried matter by
using a certain of heating way in any case. Various objects for drying
are hedged round with restrictions in each quality, and they cannot be
said to be good if thinking of only the efficient supply of the heat of
vaporization. That is, the most efficient heat transfer method should be
considered and the improvement of the efficiency should be studied among
the drying methods suitable for requirements on the quality of dry
products, among restrictions of the allowable temperature related to it.

Because the processing technology lags behind other nations relatively
though our country has global-class aquiculture and fishing technology
at present, processed marine products are mainly frozen foods, canned
goods, salty food(fermented fish products), fish paste products(boiled
fish paste), and we can see that high-value dehydrated foods by drying
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are very few. These problems are considered to be caused directly by the
lack of drying technology.

The drying methods performed widely throughout the present industry
include an hot-air drying method by convective heat transfer, a vacuum
drying by conduction or radiant heat transfer and vacuum freeze drying,
infrared drying or microwave drying and ultrasonic drying using
mechanically vibration energy. In particular, among these drying
methods, interests in the drying methods which the regulation of the
moisture contents in the material is easy as compared to other devices,
which the thermal deformation of the material is less because the drying
temperature is relatively lower, which the corruption and deterioration
of the material that may occur during the drying process can be prevented
because the oxygen concentration is very low, and which the drying time
1s relatively short as compared to a hot—air dryer.

This paper aims at developing the localized design technology of an
energy-efficient vacuum drying oven which can dry the sea cucumber with
the difficult drying condition and the expected overproduction in a
short time within 24 hours in a high—quality condition of more than the
natural drying level.

The following results were obtained in the scope of this experiment.

1. As the result of having surveyed in Hong Kong for the objective
evaluation for the international product level of the sea cucumber dried
in this experiment, more excellence as compared to even Japanese
products called the world's best quality in the quality was realized in
the actual place.

2. As the result of having measured the required electric power and
the power, they were the maximum value as 4~5kW in the first stage of
drying, average power of 3kW or so was required after about 4 hours, and

this was confirmed to be very energy-efficient as compared to other



dryers.

3. The experiment showed that the typical constant-rate drying period
and falling-rate drying period exist definitely, and the weight changes
during the constant-rate drying period presented the experiment results
in the linear expression for the time elapsed, the weight changes during
the falling-rate drying period presented the experiment results in the
exponential expression which the weight gradually decreases for the time
elapsed.

4. We could see that the heat transfer per unit area of the drying
board after 8 hours which the drying began, namely, during constant-rate
drying period, has the heat flux of 711.75~1046.70kJ/m’hr, and that also
the heat flux decreases exponentially in proportion to this because the
evaporation of the moisture decreases gradually during the falling-rate
drying period.

5. Through a temperature change curve, temperature rising is completed
1f 2 hours pass after the drying begins, most moisture is evaporated if
the regular active evaporation progresses for 8~9 hours, and we can see
that the drying is being completed as the temperature in the sea slugs

gets similar to the superficial temperature.
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Table 1.1 A kind of marine product by processing method.
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Table 1.2—a Nutrient of the dried sea cucumber.
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Table 1.2—b Nutrient of the dried chestnut.
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Table 1.3 Export and importation trend of sea cucumber in Korea.
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Table 1.4 Culture technique of sea cucumber in China, Japan and Korea.
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D Vacuum chamber @ Heating transfer box

@ Water vapor condenser @ Circulation fan

(® Water ring vacuum pump ® Refrigerating machine

(@ Hot water circulation pump Electric heater

© Condensate tank @ Cooling water circulation pump

Fig. 2.1 Schematic diagram of experimental apparatus.



Table 2.1 Spec. of experimental apparatus.

maker size capa. power range
900@ X
vacuum full vacuum
KI WON | 1200LX
chamber ~147.10kPa g.
16t
. 500X
heating JONG full vacuum
920X%
box WON ~343.23kPa g.
690
circulation KYUNG 95W,
2.1m'/hr
pump DONG 220V
elel. heating 2009 X full vacuum
KI WON
tank 500L ~245.17kPa g.
SAM .
heater bkW 40~80C
SUNG
vacuum WOO full vacuum
6m’/hr 220V
pump SUNG ~245.17kPa g.
cond. liquid 300AX full vacuum
KI WON
tank 500L ~245.17kPa g.
DONG full vacuum
condenser 0.38m’
KWAN ~245.17kPa g.
. DONG 1.5kW,
refrigerator 1RT
KWAN 220V
control
IL SING
panel
SING 33 4P/
fan
MYUNG 1.5kW

_15_




Photo. 2.1 Experimental apparatus.
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Fig. 2.2 Schematic diagram of hot—water supplying unit.
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Fig. 2.3 Schematic diagram of vacuum pumping unit.
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Fig. 2.4 Calibration curve of #1 thermocouple.
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(b)

Photo. 2.2 Present data acquisition computer system.
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Photo. 2.3 Sea Cucumber dried by vacuum drying after the
removal of the internal organs in its abdomen with

whole incision.

Photo. 2.4 Sea Cucumber dried by vacuum drying after the
removal of the internal organs in its abdomen with

partial incision(lcmm).
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Photo. 2.6 Half—dried Sea Cucumber dried by vacuum drying
(t=12hr).

Photo. 2.7 Full—dried Sea Cucumber dried by vacuum drying

(water contents rate, w=4.2%).
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Table 3.1 Comparison of drying technique.

Low temp. ) .
Hot wind dry Cold wind dry Frozen dry
vacuum dry
Low Vacuum, Atmospheric Atmospheric Very Low Vacuum

1.33~4.10kPa abs.

101.33kPa abs.

101.33kPa abs.

0.04kPa abs.

10~30C

100C

100C

=30 ~ —40C

80C (Hot Water)

100°C(Hot Wind)

0C(Cold Wind)

100~150TC
(Thermal Fluid)

Hot Water Boiler,

High Vacuum

8 A7 X Fuel Burner Refrigerator
Pump Pump System
Low Vacuum Atmosphere Atmosphere High Vacuum
Chamber Room Room Chamber

Electric or Fuel

Fuel Burning

Electric Power

Electric Power

100% 300~400% 300~400% 500%
100% 300~400% 300~400% 500%
Easy Careful Careful High Technique

Full Automatic

Semi—Automatic

Semi—Automatic

Continuously
Watching

N
b

o

[
o,

Easy Maker Repair Maker Repair Special Repair
Preservation Changed Good Good
Preservation Lost Partially Lost | Fully Lost
Preservation Partially Lost Partially Lost | Partially Lost
Preservation Reduced Partially Lost | Preservation
Room Temp.

Vacuum Package

Cold Storage

Cold Storage

Cold Storage

High Speed

Slowest

High Speed
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120 . . T | 8
DN : C-1(08.12.19)
g Material : Sea cucumber
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Fig. 4.1 Analysis of total energy consumption & power
for vacuum drying of Korean sea cucumber

(DN:C—1).
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120 | | |
DN : C-2(09.1.4)
i Material : Sea cucumber
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Fig. 4.2 Analysis of total energy consumption & power

for vacuum drying of Korean sea cucumber

(DN:C—2).
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120 . . I 8
DN : C-3(09.1.10)
g Material | Sea cucumber
X P;,= 6.67kPa abs.
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Fig. 4.3 Analysis of total energy consumption & power
for vacuum drying of Korean sea cucumber

(DN:C-3).
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Fig. 4.4 Analysis of total energy consumption & power

for vacuum drying of Korean sea cucumber
(DN:C—4).
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Fig. 4.5 Weight variation of sea cucumber to

vacuum drying time(DN:C—1).
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Sea cucumber weight on (35 D.P), Wi Wne %

100 & . : .
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P.. = 6.67kPa abs. H 4

Thin= 70C
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Constant—rate

drying period
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drying period
a | i i
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Fig. 4.6 Weight variation of sea cucumber to

vacuum drying time(DN:C—2).
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Sea cucumber weight on (#5 D.P), Wic¥Wne %

100 & . . .

- DN : C-3(09.1.10)
Material : Sea cucumber
Initial weight : 3.0kg

80 P.,= b.67kPa abs. 14
Thin=75"C
() : Sea cucu. weight, %
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2[’] L 1 = NEN N -I
I
Constant-rate |
drying period :
0 BB 0

0 i | 8 12 16 20 24 28
Time, t hr

Fig. 4.7 Weight variation of sea cucumber to

vacuum drying time(DN:C—3).
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Sea cucumber weight on (#5 D.P), Wic¥Wne %
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Fig. 4.8 Weight variation of sea cucumber to

vacuum drying time(DN:C—4).
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Water content, @ %

100

DN : C-1(08.12.19)
Material : Sea cucumber
20 - Full load state(#{5 plate)

R P..= 6.67kPa abs.
L Thin = EEDC
60 )\Q

o

_ A
40 \C\

20 e

0 i 8 12 16 20 24 28
Time, t hr

Fig. 4.9 Variation of water contents rate according to

the drying time(DN:C—1).
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Water content, ® %
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20 FMFull load state(it5D.P)
| |Pin=b6.67kPa abs.
Thin = 70°C
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Time, t hr

Fig. 4.10 Variation of water contents rate according to

the drying time(DN:C—2).
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DM : C-3(09.1.10)
Material : Sea cucumber
g0 P~ Full load state(#5D.P)

g P.,=6.67kPa abs.
)\( Thin = 799C
60 s N
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LTI
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Time.t hr

Water content, @ %

Fig. 4.11 Variation of water contents rate according to

the drying time(DN:C—3).
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Fig. 4.12 Variation of water contents rate according to

the drying time(DN:C—4).
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Table 4.2

Table 4.2 Empirical equation of drying rate

AW

. kg/hr

Falling-rate drying period

0.567<EXP.(-0.15¢t)

At

0.245%EXP.(-0.05t)

_ AW
At

1.776XEXP.(-0.11t)

AW _
At

2.230xEXP.(-0.19t)

AW _
At

At

Constant-rate drying period

= 0.15

_ AW
At

= 0.15

_ AW
At

DATA
NO.

C-1

C-2

C-3

C-4
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[|P.,= 6.6/Pa abs.
[ Ty = B5C
F (3 : Con.-rate drying period
1 : Fal.-rate dryving period
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Sea cucumber drving rate, —AW/At ka/tr

Fig. 4.13 Variation of weight reducing rate of sea cucumber
on the No.5 plate(DN:C—1).
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[ —AW/At = 0.245 x EXP.(-0.05)

10-2 | DN : C-2(09.1.4)

C(Material : Sea cucumber

[ Initial weight : 3.4kg
[|P;, = 6.67kPa abs.

Ty, = 70C

O : Con.-rate drying period
[0 : Fal.-rate dryving period

1[]_3 2 1 = | L | & 1 . 1
0 i | 8 12 16 20 24 28
Time, t hr

Sea cucumber drying rate, —AW/At ka/tr

Fig. 4.14 Variation of weight reducing rate of sea cucumber
on the No.5 plate(DN:C—2).
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{ : Con.-ratedryingperiod
O : Fal.-rate dryving period
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Time,.t hr

Sea cucumber drying rate, —AW/At ka/hr

Fig. 4.15 Variation of weight reducing rate of sea cucumber
on the No.5 plate(DN:C—3).
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Fig. 4.16 Variation of weight reducing rate of sea cucumber
on the No.5 plate(DN:C—4).
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. =750
10 oL o© \/f:t
| RN

L q = 3800.1 x EXP.(-D.15)
| | |

102 F{DN : C-1{DB.12.19)

| Material : Sea cuamber 3\%

| Initial weight : 2.2

|P;, = b.6/Pa abs.

[ Ty:n = B5C

{ : Con.-rate drying period

] : Fal.-ratedryvingperiod

101 e M — p—m——"
0 4 8 12 16 20 24 28

Time, t hr

Heatingrate, q kJ/m2hr

Fig. 4.17 Variation of heat flux of vacuum drying of sea

cucumber on the No.5 plate(DN:C—1).
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q = 850

il = =
: %MJ
q = 1647.0 x EXP.{(-0.06)

102 | DN : C-2{09.1.4)
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[|Initial weight : 3.4kg

L|P; .= 6.6/&kPa abs.

| Thin = 700

O : Con.-ratedryingperiod
O : Fal.-ratedryingperiod

1[]1 L L L L L L L L
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Time, t hr

Heatingrate, q kJ/m2hr

Fig. 4.18 Variation of heat flux of vacuum drying of sea

cucumber on the No.5 plate(DN:C—2).
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Heatingrate, q kJ/m2hr

102 F{DN : C-3(09.1.10)
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[ [ Thin = 750
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1 : Fal.-ratedryingperiod
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Fig. 4.19 Variation of heat flux of vacuum drying of sea

cucumber on the No.5 plate(DN:C—3).
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{ : Con.-rate drying period
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Fig. 4.20 Variation of heat flux of vacuum drying of sea

cucumber on the No.5 plate(DN:C—4).
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Table 4.3 Empirical equation of heat flux

DATA q, k:J/m2 hr

NO. . . . . )
Constant—-rate drying period Falling-rate drying period

C-1 qg= 750 ¢ = 3800.1xEXP.(-0.15t)

C-2 g= 850 g= 1647.0 XEXP.(-0.05t)

C-3 qg= 1070 g= 11901 XEXP.(-0.18t)

C-4 g= 997 g = 14944 XEXP.(-0.19t)
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1 FDN: C-1(08.12.19)
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P, = b.6/APa abs.

[ Thin = B5C

{3 @ Con.-rate drying period
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Fig. 4.21 Mean vapor velocity during vacuum drying(DN:C—1).
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(| Thin = 70°C

({3 : Con.-ratedrvingperiod
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Time, t hr

Fig. 4.22 Mean vapor velocity during vacuum drying(DN:C—2).
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Fig. 4.23 Mean vapor velocity during vacuum drying(DN:C—3).
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Fig. 4.24 Mean vapor velocity during vacuum drying(DN:C—4).
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Table 4.4 Empirical equation of evaporation rate

DATA w, m/ hr

NO. . . . . )
Constant—-rate drying period Falling-rate drying period

C-1 u= 6.2 uw= 32.9 X EXP.(-0.15t)

C-2 u= 7.2 uw= 14.3 X EXP.(-0.05t)

C-3 u= 7.5 w= 103.1 X EXP.(-0.18t)

C-4 u= 8.7 v = 129.5 X EXP.(-0.19t)
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1[]4 1 1 1 1 L1 11 1 1 1 11 11 H
DN : C-1(08.12.19) i
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= P;, = 6.67kPa abs. 1
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*a T
o 103
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7
]D1 : :
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Temperatue, AT, °C

Fig. 4.25 Boiling curve of vacuum drying seacucumber
(DN:C—-1).
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Fig. 4.26 Boiling curve of vacuum drying sea cucumber
(DN:C—2).
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Fig. 4.27 Boiling curve of vacuum drying sea cucumber

(DN:C-3).
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Fig. 4.28 Boiling curve of vacuum drying sea cucumber
(DN:C—4).
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Fig. 4.29 Temperature variation during vacuum drying of
sea cucumber(DN:C—1).
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Fig. 4.30 Temperature variation during vacuum drying of

sea cucumber(DN:C—2).

_81_



g0

70

AT T

7= am

40 i /L/L DN : C-3(09.1.10)
Material : Sea cucumber

30
ol P., = 6.67kPa abs.
Thin =/{hoi;
A f Sur. of Heating wel |
<> : Mean space temp.
10 (> : Sur. of Sea cucumber

[ : Inner cen. of Sea cucu.
D I I M T M T I 1 | T

0 i | 8 12 16 20 24 28
Time, t hr

Temperature, T °C

20

Fig. 4.31 Temperature variation during vacuum drying of

sea cucumber(DN:C—3).

_82_



g0

60 // uéﬁ‘::—_—:ﬁ::;é
40

| DN : C-4(09.1.17)

30 Material : Sea cucumber

y P.,= 6.67kPa abs.
20 |'g Thin =i BDDG

Temperature, T °C

M Sur. of Heating wel |
<> ! Mean space temp.
10 (3 @ Sur. of Sea cucumber

1 : Inner cen. of Sea cucu.
D I I M T M T I 1 | T

0 i | 8 12 16 20 24 28
Time, t hr

Fig. 4.32 Temperature variation during vacuum drying of

sea cucumber(DN:C—4).
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Table 4.5(a) Yield—measure results of individual

sea cucumber.

ANTA | A=A N
A2 2w |w|ale | S REAE| ane 33 |uin
(gr) (gr)
1| AA4d 9| 3]21 220 4 1.82 e
2 | AARE |9 3|21 306 8 2.61 e
3| AANE | 93|21 262 2 0.76 e
4 | AARY |9 3|21 170 4 2.35 e
5 | AARE |9 3|21 374 2.5 0.67 e
6 | AANA | 93|21 262 4 1.53 e
7 | AARE |9 3|21 214 4 1.87 e
8§ | AANA | 93|21 292 2 0.65 e
9 | AANY | 93|21 292 6 2.05 e
10 | AAEE | 9| 321 224 2 0.92 e
11 | AAE" | 9| 321 350 4 1.14 e
12 | BAAEE | 9| 3|21 222 6 2.70 e
13 | AAEE | 9| 321 264 6 2.27 e
14 | BAAEE | 9| 321 260 6 2.31 e
15 | AAEE | 9| 321 256 6 2.34 e
16 | AAEE | 9| 3|21 520 10 1.92 e
17 | AAEE | 9| 321 196 4 2.04 e
18 | AAXEE | 9| 321 170 4 2.35 e
19 | AAEE | 9| 321 136 6 4.41 e
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ﬂﬂﬁﬁ AzAF AZAT i
AFA A =8 (%) AX = 34
(gr) (gr)
114 4 3.51 Ay ef
390 10 2.56 Ay ef
358 8 2.29 Ay ef
242 6 2.48 Ay ef
208 4 1.92 Ay ef
226 4 1.77 Ay ef
336 6 1.78 Ay ef
384 10 2.60 Ay ef
384 8 2.08 Ay ef
328 8 2.44 Ay ef
312 6 1.92 Ay ef
8,272 164.5 1.99%




Table 4.5(b) Yield—measure results of mass sea cucumber.

A AA | AZAZ -
o ISP VY Y Y e e FEAT | ane 33 a1z
(gr) (gr)
A-1| 1943 | 9| 3 |24 ﬂ]—E]7/A110kg 238 2.38 A=
A-2 |19 d3 | 9] 3 |24 n}a%)kg 188 1.88 A=t
A-3 |19 dd | 9] 3 |24 n}a%)kg 242 2.42 A=t
A-4 | 189743 | 9| 3 |24 n}a]7/§0kg 248 2.48 A=
A=5|1993748 | 9| 3|24 ﬂ]—F/]9/§0kg 254 2.54 A=t
A wg 50,000 1170 2.44% A=t
B-1 3t 93|24 450 14 3.11 A=
B-2 Eat 9|3 [24] 480 14 2.92 g
B-3 3t 93|24 312 8 2.56 A=
B—4 5 93|24 162 6 3.70 A=
C-1| Hasar | 9] 5|31 30 1.014 3.38 g
C—-2 | HAaaar | 9|6 |12 2274 0.310 1.36 g
C-3| Haaa | 9|67 40 1.362 3.54 g
C—4| Raa 96|38 6 0.216 3.60 A
C-5| Hasiar | 9| 6|13 32.566 1,262 3.87 A
C—6| Haaiar | 9|6 |13 1.262 0.282 0.22 g
C-7| Raaa | 96|19 60 2.022 3.37 g
C-8| Hosiar | 9|6 |26 12 0.456 3.80 g

(To be continued)
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Table 4.6 Economic analysis results of vacuum dryer.

s | Avgs =l A a2 oA W 3
= e (RH21/3]) I
A B (A8 3
1 J‘H?fﬂiﬁ ) 180 180kg x 1.09+¢)/kg/3]=
H
) - 180(kg/3]) / 20( kg/hr) / 10hr x 20(kg/A/ADAHYE |
S AL B 5(aH/e)) = 5eL41/91 (1041 2D)
7 2 3kw/hr,
3 CREEIIE:R 2.1 3kW x 72 hr/3] x 1009/kWhr = A2 231009 /kwh,
72hr A 9
. a0l /sy | 27179 H(7,0007H)
127159 +<l/2)x 0. /39 :
A 72 7];;, 2.9 (7.000%F€1/2)x 0.07 / (365x0.7/39/21) | "oy 6 a0 Sy g 700,
17H71 5 = 131/39 &8
1%7] 4w _ _ _
5 | A R 8.4 7,0009/7 /(365x0.7/39/31) = | AR/ 79, 5
o v
Q.
6 | Fuidn Are= 0.3 2999 x 10% = d27] c1AH 8 1/10
T 7H4
7 FEE 0.1 100090/ x 1¥/3] = 1,00091/%
8 EAH/EF] 1.7
9 | AFHE B 0 180kg/3] x 3.3% = F&(3.3%)
_ 13] A3 180kg
fe) Al /\],o [} H : =) X}
10 AIEA 200 JAA7HAAR ¢ A¥E : 22%4/3]) AzA AR
(A$-1) A2 . e — G8(3.3%),
11 ol o1 238 5.94kg/3] x 400 /kg = 407 9/A1 —kg
5 | (B—2) A4t 5 o _ F8(3.3%),
12 ol o1 356 5.94kg/3] x 60WA/kg = 60791/711 —kg
. | (A$-3) A&t o e — o T &(3.3%),
13 Gz 475 5.94kg/3] x 80WHl/kg = 4757+4/3] 80%+91/71—kg
(A9--1) A4t . o ey — F&(3.3%),
14 ol o1 594 5.94kg/3] x 1009 /kg = 100191/ 1 kg
I~ O (9
Ao _ 5 020000 =23u}0] /5] =19m1}e] /o] — - N TE&(3.3%),
15 (73; ol])zlj ggurel/z |238-200=381 J/flmuuh A/ =3,060% 0TS/ g,
v tlee v 36/180=20%
I~ O (q
Ao 5 356-200=1569F<]/3] =512F81 /2l =1° TE(3.3%),
16 (73; 02)E1j I54urel/z [356-200=156% ;J}/f]/uma A/9=13,090 60R 21—k,
S e 154/180=85%
2=
o _ _ — ‘:_.,l_o_] — ‘:_.,l_o_] o) — T%(SS%)’
17 (g; 03])5131 973893 |475200=275 T:_L/f]]/qgl A/94=23,205 80%F21/A1—kg,
= Clee e 273/180=152%
I~ O (9
Ao _ . 000 =209u}2] /5] =131 ul9] /o] =213 2 T(3.3%),
18 (73; oﬁ)glj g09ukel/3) | 947200 392110%@1#231% W/A=3332) |(0urel/ a1 ke,

392/180=218%
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Fig. 5.1 Effect of hot water temperature to sea cucumber

weight variation.
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Fig. 5.3 Effect of hot water temperature on heat flux variation.
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Fig. 5.4 Effect of hot water temperature on vapor speed.
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Fig. 5.5 Effect of hot water temperature on boiling curve.
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Fig. 5.6 Effect of vacuum pressure on sea cucumber

weight variation.
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Fig. 5.7 Effect of vacuum pressure on reducing rate of weight.
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Fig. 5.8 Effect of vacuum pressure on heat flux variation.
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Fig. 5.9 Effect of vacuum pressure on vapor speed.
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Fig. 5.11 Weight variation to vacuum drying time.
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Fig. 5.12 Variation of water contents rate
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Appendix

[App.1] Experimental data on the drying heat transfer.
2008. 12/19 16:00 ~ 12/20 20:00

A Ag A ge] & | Az | et | " [ Fer | | aa | r | A | A R | w2 El 2 | Ed| Hat
zH | A [ 2E| A ¢ | B | =3 | S | He | EE | | ¢ | 6| 2a | He | A9 2Ea| = | ded| S
| % & | st | o= | ®E Al e |en| 22| A 2 | FA 2t &
Wk A

hr | kWh [ kWh| kW [ % kPa °C kl/ |m’/kg| °C °C °C kg kg | kg/hr kJ/ kJ/ °C kJ/ m/hr

abs. kg hr m’hr m?hr

°C

0 | 3753 0 0 [ 81.1 169 17.4 2.210

213760 7 | 3.5(79.0| 6.67 | 38.66| 2411.9(20.91| 35.2 | 27.7| 65 [1.980]0.230( 0.12 | 277.37| 770.48| 3.5 | 220.14| 6.68

4| 3765 12| 2.5( 76.4| 6.67 | 38.66| 2411.9(20.91| 41.7 | 33.3| 65 [1.765]0.215( 0.11 | 259.28| 720.23| 3.0 | 236.92| 6.24

6 [ 3771 18| 3.0| 72.6 | 6.67 | 38.66| 2411.9]|20.91| 43.5| 35.7| 65 |1.520[{0.245] 0.12 | 295.46| 820.73| 4.8 | 169.57| 7.12

8 | 3777 | 24| 3.0 67.9| 6.67 | 38.66| 2411.9|20.91| 43.8 | 37.5| 65 |1.300({0.220| 0.11 | 265.31| 736.98

o
—

143.38| 6.39

10| 3783 | 30| 3.0| 62.1| 6.67 | 38.66| 2411.9(20.91| 44.7 | 40.3 | 65 [1.100]|0.200{ 0.10 | 241.19| 669.98( 6.0 | 110.92| 5.81

12| 3789 | 36| 3.0| 54.9| 6.67 | 38.66( 2411.9]20.91| 47.3 | 43.8| 65 |0.925/0.175] 0.09 [ 211.04| 586.23| 8.6 | 67.85| 5.08

14 | 3795 | 42| 3.0| 47.2| 6.67 | 38.66| 2411.9[20.91| 48.3 | 46.5| 65 |0.790[0.135 0.07 | 162.81| 452.24| 9.6 | 46.91 | 3.92

16 | 3801 | 48| 3.0| 38.3| 6.67 | 38.66| 2411.9(20.91| 49.4 | 48.3| 65 |0.675[0.115 0.06 | 138.69| 385.24| 10.7| 35.87 | 3.34

18 | 3807 | 54| 3.0| 30.5| 6.67 | 38.66| 2411.9(20.91| 49.1 | 48.8| 65 |0.600[0.075 0.04 | 90.45 | 251.24| 10.4| 24.07 | 2.18

20| 3812 | 59| 2.5| 23.5| 6.67 | 38.66| 2411.9|20.91| 50.1 | 50.0| 65 [0.545|0.055| 0.03 | 66.33 | 184.24| 11.4| 16.11 | 1.60

22| 3818 | 65| 3.0| 18.3| 6.67 | 38.66| 2411.9|20.91| 50.1 | 50.2| 65 [0.510{0.035 0.02 | 42.21 | 117.25| 11.4| 10.25 | 1.02

24| 3823| 70| 2.5| 13.2| 6.67 | 38.66| 2411.9|20.91| 50.8 | 50.9| 65 [0.480]0.030[ 0.02 | 36.18 | 100.50| 12.1| 8.28 | 0.87

26| 3828 | 75| 2.5| 8.4 | 6.67 | 38.66| 2411.9|20.91| 53.7 | 51.6| 65 [0.455|0.025 0.01 | 30.15| 83.75 | 15.0| 5.57 | 0.73

27| 3830 77| 1.0| 4.2 | 6.67 | 38.66| 2411.9|20.91| 51.0 | 51.0| 65 [0.435|0.020[ 0.01 | 24.12 | 67.00 | 12.3| 5.43 | 0.58

A2+ 79t 2-6.67kPaabs. A 83191 S
A FHA 20.36m’ 2 2 A7 50 S.
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2009. 1/4 16:00 ~ 1/5 16:00

A A9 | Al B o | MY Bat | B | B | o0 | ola] k] Av | A | R | we El LA EEN IR
ZH A &M Ay S [ H| EE | (e | wa | U] S| | e | 97 | A998 | s | 2| Aus| Y
T | ¥ sl en| ®a | & |ex|ex|ex|FA| F | 74 2 &5
EE Had
hr| kWh |kWh| kW % | kPa| °C kJ/ |m¥kg| °C | °C| °C| ke | ke | keg/hr| kI/ kJ/ °Cl kJ/ |[m/h
abs kg hr m’hr m’hr
°C

0 4289.5| 0.0 0.9 80.2 12.1]11.8 3.400

214302.2(12.7] 6.3 79.2| 6.67|38.66| 2411.9(20.91| 35.3| 32.6] 70 |3.236[0.164| 0.08 | 197.78| 549.38 | 3.4 161.6 | 4.7
41 4309.5| 20.0[ 3.7 76.9| 6.67|38.66| 2411.9(20.91| 38.3| 37.2| 70 [2.916[0.320( 0.16 | 385.91| 1071.97| 0.4 2679.9| 9.29
6| 4316.8| 27.3| 3.1 74.3| 6.67[38.66| 2411.9(20.91| 39.5| 37.8] 70 |2.620({0.296( 0.15 | 356.97| 991.57 | 0.§ 1180.4| 8.6
8| 4323.5| 34.0[ 3.9 70.8| 6.6738.66| 2411.9(20.91| 39.9| 37.8] 70 |2.312(0.308| 0.15 | 371.44| 1031.77| 1.4 832.1 | 8.94
10] 4330.5( 41.0] 3.§ 66.9| 6.67|38.66[ 2411.9120.91| 41.5| 38.9| 70 [2.034|0.278| 0.14 | 335.26| 931.27 [ 2.§ 327.9 | 8.07
12| 4337.3| 47.8| 3.4 62.0] 6.67|38.66( 2411.9]120.91| 45.6 | 44.2| 70 [1.776]0.258| 0.13 | 311.14| 864.28 [ 6.9 124.5 | 7.4
14| 4344.0| 54.5| 3.3 56.2| 6.67| 38.66| 2411.9]20.91| 50.7 [ 50.7| 70 |1.540]0.236| 0.12 | 284.61| 790.58 [12.( 65.7 |6.85
16{ 4350.2 | 60.7| 3.1| 48.9(6.67|38.66| 2411.9 120.91| 55.0 | 55.1| 70 [1.320[0.220| 0.11 | 265.31| 736.98 |16.] 45.1 |6.39
18| 4356.2 | 66.7| 3.0] 40.8(6.67|38.66| 2411.9 120.91| 57.4 | 58.0| 70 [1.138[0.182| 0.09 |219.49| 609.68 |18.1 32.5 |[5.29
20| 4362.5| 73.0| 3.2 32.4| 6.67|38.66( 2411.9 [20.91| 58.7 [ 59.2( 70 10.998|0.140| 0.07 | 168.84 | 468.99 [20.( 23.4 |4.07
22| 4368.2 | 78.7| 2.8 21.4]|6.67|38.66( 2411.9 [20.91| 61.0 { 61.4f 70 |0.858|0.140| 0.07 | 168.84 | 468.99 |22.] 21.0 |4.07
24| 4373.5(84.0| 2.7 4.5]6.67|38.66(2411.9 |20.91| 61.2 | 61.6( 70 |0.706|0.152| 0.08 [ 183.31| 509.19 [22.] 22.6 |4.41
A ZFE 98 £6.67kPaabs. A ] 3H 3 2.

AGBHAL0.36m 0.2 A 5L
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2009. 1/10 17:00 ~ 1/11 17:00

Al REREEIEEE AR R E R EREER R R el 2N I T R
zt A | &n | A | g | E3H| S | vle | B2E R | A | BaR] de | dEY| e | = | A | S
e | # | 9d | o= #E 2| R | ex| x| ¥4 A A Ea
wal | kg |[#HaE
kWh | kWh | kW | % | kPa °C kJ/ |m’/kg| °C °Cc| °C kg kg/hr kJ/ kJ/ °C kJ/  |m/hr
abs. kg hr m’hr m’hr
oc
4510.0| 0.0 [ 0.0 82.2 26.2 ] 26.2 3.000

4524.5| 14.5| 3.6| 76.0] 6.67|38.66 2411.9(20.91| 39.5 | 42.1] 75| 2.226( 0.774| 0.19 | 466.71| 1296.41| 0.8 [ 1543.3|11.24

4537.2| 27.2 3.2|67.0] 6.67|38.66 2411.9(20.91| 48.0 | 48.0[ 75| 1.618 0.608| 0.15 | 366.61| 1018.37| 9.3 | 109.0 | 8.83

4549.7| 39.7 3.1|54.6] 6.67|38.66[ 2411.9(20.91| 52.6 | 52.9] 75| 1.178| 0.440| 0.11 | 265.31| 736.98 [ 13.9| 52.9 | 6.39

4561.2| 51.2| 2.9 37.3] 6.67 [ 38.66] 2411.9|20.91| 56.4 | 56.5[ 75 | 0.852| 0.326| 0.08 [ 196.57| 546.03 [ 17.7| 30.8 | 4.73

4573.5| 63.5| 3.1 15.4| 6.67 | 38.66[ 2411.9]20.91| 57.9 | 57.9| 75 | 0.632| 0.220| 0.06 [ 132.66| 368.49 [ 19.2] 19.2 | 3.19

4584.0| 74.0| 2.6 4.2| 6.67 [ 38.66] 2411.9|20.91| 59.5| 59.6] 75 | 0.558| 0.074| 0.02 | 44.62 | 123.95 [ 20.8] 5.9 1.07

>

ol

2
e

)

q 392 26.67kPaabs. 4 2319 2.
W HL0.36m* S 24 2] 31

o
ME
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RN EREEEE R E R EEEREER R R R R el L2 I RN IR
2 A ZH) [ A S| Wt | ;3| S | wg | EA | U | o Ea | e | He | dE| ZEs | = | A S
e | ¥ E(gE | ex | #d Al em|en || B4 #F | FA A &
w3k s

hr kWh [ kWh | kW | % | kPa °C kl/kg m%/kg| °C °C °C kg kg | kg/hr kJ/ kJ/ °C kJ/ m/hr

abs. hr m’hr m’hr

oc

0 | 4759.5] 0.0 | 0.0 83.8 17.8| 19.3 3.000

4 |1 4778.5] 19.0| 4.8]80.0f 6.67 | 38.66( 2411.9 [20.91| 39.3| 35.7 | 80 |2.428/0.572( 0.14 | 344.91| 958.07 | 0.6 | 1497.0( 8.31
8 | 4791.3| 31.8| 3.2| 72.5 6.67 | 38.66( 2411.9 [20.91| 46.9| 43.7 | 80 |1.766/0.662( 0.17 | 399.17| 1108.82| 8.2 134.6 | 9.61
12| 4804.2| 44.7| 3.2[59.9] 6.67 | 38.66| 2411.9 |20.91| 50.7 | 49.1 | 80 [1.212]|0.554| 0.14 | 334.05( 927.92 | 12.0] 77.1 | 8.04
16 | 4816.0( 56.5| 3.0 39.7| 6.67| 38.66| 2411.9 [20.91|] 53.6| 52.1 | 80 |0.806/0.406 0.10 | 244.81| 680.03 | 14.9] 45.5 | 5.90
20| 4827.6| 68.1| 2.9| 18.7] 6.67 | 38.66| 2411.9 |20.91| 56.4 | 54.5| 80 [0.598[0.208| 0.05 | 125.42| 348.39 | 17.7 19.6 | 3.02
241 4838.7| 79.2| 2.8| 4.7| 6.67| 38.66| 2411.9 120.91| 57.5| 56.1| 80 |0.510({0.088| 0.02 | 53.06 | 147.40 | 18.8 7.8 1.28

.67kPaabs.”d 2] 33 5.

m’o 2 A&
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[App.2] Data on the electric power consumption.

AQEE ABUT

AZAEEX STVD-50 SEINAIL R 08. 10. 30. R ESE

NE 8% HH+EH2t A2t 13:30 Al

S (A 1 &AL efgh AgAS L 08. 10. 31 Te=28H
SL(2M) 20 ko A2t 12:45 ZE Al 2t:44 5hr

HEHIMA =3 1,781 kWh| AlI2+:10/30 13:30

=21 1,794 kWh| Al2f:10/30 18:00 | 4Hl: 13 kWh/4.5hr |&: 2.88 kih/h
=22 1,852 KWh| Al2t:10/31 12:45 | AHl: 58 kith/18.8hr |&: 3.09 kiWh/h
dEHREES 2,004 KWNh| AlZt:11/1.10:00 | AHI:152 Kih/21.30r | & @ .72 kiWh/h
EAHIEE /A2 223 kih/44.5hr AHIE: 5.0 kih /1-hr
LSS H 223 x 70 = 15,610& 15,610/20 = 781 & /4 1-+kg
2.0 kg M ko OILUXI AHIZE @ 11,15 Kith/1-kg

_ 0]
AxS 2
(0]

38 10% o A=X Tko¥ OIHX AHIE @ 111.5 kWh/1-kg
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MNEAEEX STVD-50 S IHAI L Xt 08. 11. 6 AT A
NE BF o2t A2t 15:00 AP A
ANz A
S (AXL) 1 &R o2t AEE gl 08.11. 8. “ 328
SUH(RA) 20 kg Al2t 12:00 ZE Al2t: 45hr
SE=ESPION;
EOLXrel 4|
HEHIMA =3 2,004 kiWh| Al2t:11/6 15:00
EAN 2,081 kWh| AlZ2t:11/7 17:30 | AHI: 77 kWh/26.5hr | €: 2.91 kiWh/h
=2+ 2 - kWh A2 - AHl: - KWh/hr 2. - KkWh/nh
dEAH2AEES 2,129 kWh| Al=2f:11/8 12:00 | 2Hl: 48 kith/18.5hr gk:Wh/.hZSQ

125 kith/45 hr

AHIg:  2.78 kéh /1-hr

125 x 70 = 8,750 &

8,750/20 = 438 &/1-kg

2.625 kg

+=2:13.1%

0
0

MH 1kgE AKX AHIZ @ 6.25 kith/1-kg
AE 1kge OIHX ABIE @ 47.62 kWh/1-kg

HZ :

- 118 84 £M

D HIOF 2582 Uel

rir
»
)
o
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AZAEEX STVD-50 SEINAIL R 08. 11. 10.(&) A
NE BF Ab2t A2t 15:00 g4
ANZ RAAEK

S (AR 2 &Kt Agzselt 08. 11 =62t

SLE(2M) 40 kg A2t SAlI2t: 72 hr

E LRI 24|
HAHMAI =2 2,129 kiWh| Al2+:11/10 15:00
=2+ 1 2,193 kWh| A2t 11/11 13:00| AHl: 64 kWh/22 hr g: 2.9
' kWh/h
S 1.43
=2t 2 2,226 kih| Al2t: 11/12 12:00| AHI: 33 kWh/23.0 hr
Kih/h
: 1.75
M aa=2 2,273 kWh| Al2f:-11/13 15:00| AHl: 47 kWh/ 27hr </

144 KW/ 72 hr

AHIE: 2.0 kWb /1-hr

144 x 70& = 10,080&

10080/40 = 252 & /41-kg

xs oy 2.75kg | 0 Ml kg2 OILIXI AHIZ : 3.6 Kiih/1-kg

T T T8 6.88% o AX tkgd WX AHISF @ 52.4 kih/1-kg
HZ :

- Z2F 4AI2tE2 EXE
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A 24 Al & Ol
AL - 2008 118 12Y
ANESASRT | STWD-200 | ABIMAILK 08. 11. 9.(2) ABEA
ANz =2 =0l Al2E 19:00 AE Al
A2 AT SRS D A T
SolE(ARY) 8 2 e 08. 11. D913 —oie
S0 H) 30 kg NEL Z A2 hr

HEANMAIES | 62,890 kih| Al2f:11/9 19:00

=2t 1 63,247 KWh| AlZ+: 11/11 13:00| ZHl: 357 kWh/42 hr |&€: 8.5 kWh/h
=2t 2 - kWWh A2t AHl: KWh/ hr 2. kWh/h
Z-Hl: 83 kih/ 17.5 = . 4.74
HdEH AT =S 65,429 KWNh| A2+ 11/12 06:30 / =
hr kWh/h
SAHIAEH /A2 440 KWh/ br AHIE: 7.39 kWh/1-hr
QLI EZH 440 x 70& = 3.08 22 3.08/30 = 1,030 &/M1-kg
12.36 kg ;
HES 2 A o MAl kg™ WX AHIZF @ 14.67 kWh/1-kg
O T ==. HE kgt U AHIZE :© 35.6 .
0.412% o gg O Xl | & .6 kWh/1-+kg
HZ : - & 0 30 kg ZIIEY.
- 02 &9 12,36 kg (2= 2AHBIE ; 12.36/30 = 41.2 %).
- IEXE =% : 16.9 kg (3= PHHIS ; 16.9/30 = 56.3 %).
- MABEZY ofst &4 HEXNEY : 30-12.36-16.9 = 0.74 kg(0.73/30=2.5%) .
- ANEE22F 44,0 KWh/59.5 hr (0.739 kWh/1-hr) = 0.739 kW.
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AT : 2008 11E 162

INE=FSE=PSPN STVD-50 A INAIL R} 08. 11. 14 AEEA
N2 B8 \n) A2 15:00 AEA
NEREPIN Qo cH2t P

SUSF(ARF) N A2} 08. 11. 16 72 2o

SYE(RAM) 26 kg A2t 11:00 Z A2t 44 hr

HEAAIMAI =2 2,274 Kih| Al2r:11/14 15:00

=21 kiWh Al2t: 2Hl: kWh/ hr £: kWh/h
S22 kiWh A2t 2HI: kWh/ hr £: kWh/h
2 ! 2.659
dEAH2EES 2,391 Kih| Al2t: 11/16 11:00| AH1: 117 Kih/44 hr | =
kith/h
EAHIE /A2 117 kWh/ hr AHIE: 2.659 kWh /1-hr
LsSL=H 117 x 70 = 8, 19083 8,190/26 = 315% /M 1+kg

3.30 kg | o MXl 1kgY OIAXI AHIEF @ 4.5 kih/1-kg
=8:12.7 % o AX 1kg¥ OILX AHIE @ 35.5 kih/1-kg
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cd Al S Ol
AL - 20083 118 18Y
AN2AEE | STVD-50 AL WAl K} 08. 11. 16.(Y) ABIE A
N2 =8 ch2t A2t 15:00 NN
A2 A oF cht
SQ12F(AX) AT LY 08. 11 o3 ool
S012H(2H) % kg A2t 11 ZAI2F hr
N SIbN
ZJFRFOI A ]
HMAHIMAIEZ | 2,391 Kih| Al2+:11/16 15:00
= 2.947
=21 2,447 KWh| Al2F: 11/17 10:00| AHl: 56 kWh/19.0hr =
kWh/h
=2t 2 kWh Al2t: Hl: kWh/ hr 2: kWh/h
o = : 1.731
SED = 2,492 Kih| AIZt: 11/18 12:00| AHI: 45 KWh/26 hr
kWWh/h
EAH|FE/ AR 101 KWh/45 hr AHIS: 2.244 KWh/1-hr
Qs 101 x 70 = 7,070 7,070/26 = 271.9 € /M1-kg
xs oy 2.42 kg MH kg Ol X AHIZE : 3.88 Kih/1kg
T £8:9.3%| 0 AX 1kgZ OHXI AHIZ : 41.7 Kih/1-kg

D7 kW, AE:3 kW)
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A& 2 2008E 113 22
STVD-50 SENAIL X 08. 11. 20.(8) Ay A
e A2t 15:00 agd
2tz Y
2 &t Agzselt 08. 11. 22.(&) s 2ed
26 kg A2t 11: 30 SAIZ: hr
EIFARI 2|
HEAIMAI =2 2,600 kih| Al2r:11/20 16:00
kWh A2t 2Hl: kWh/hr £: kith/h
kWh A2t AUl KWh/ hr 8: kiWh/h
2,741 KWh| Al2t: 11/22 11:00 2Hl: KWh/ hr £ ! kWh/h

141 kWh/ 43 hr 2AHIZ: 3.279 kWh/1-hr

141 x 70 = 9,870& 9,870/26 = 379 ¥ /41-kg

A tkgE OIUX AHIZ @ 3.885 kWh/1-kg

3.795 kg | o
o A=x tkge X AHIE @ 37.15 kiwh/1-kg

+=Z:14.6 % o A

[
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AQFA A

Xl

LU 2 20082 113 28Y

e

AMNEAEEX STVD-50 A INAIL Xt 08. 11. 27.(=) AYEA
NE BEF ARt Al 15:00 Al A
AZ KA H4 HUTZ0HAIE
S (AR} 1 AXE Alg2aAZ AL} 08. 11. 28.(3) 73 32
= A2t 23.5
S (2A) 22 kg Al 14:30 hr
ASZILA
IFJ}I}OID-H:”
MEAHIMAIES 2,953 kWh| Al2+:11/27 15:00
=. 3.095
=2t 1 3.018 kiWh| Al2F: 11/28 12:00| AHI: 65 kWh/21hr =
kWh/h
=2t 2 kWh A2} AHl: KWh/ hr 2. kWh/h
dEdeeEs 3,023 kWh| Al2+:-11/28 14:30| £Hl: 5 KkWh/2.5hr |2 : 2.0 kih/h

EAHIEE /AR 70 kWh/ 23.5 hr AHIE: 2.979 kih/1-hr
LSS H 70 x 70 = 4,900& 4,900/22 = 222.7 ¥ /41-kg

2.64 kg | o MHl 1ko" OIHX AHIE @ 3.182 kith/1-kg
#=E:12.0 % o A=X TkgE OIUX AHIZ @ 26.5 kith/1-kg

Hz :

- FUAMEUAN S A 1ATE A" HE

oar
i
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[App.3] Design data on the vacuum extraction apparatus.

(AE-1) HRABAZTI| FI|SH

O
N =
IMe | Vacuum pressure | Vacuum pressure | Vacuum pressure | = - =
(hr) (mmHg) (ka/cm?) (mbar) \;;(?WLB?‘Ff) bl
0.000 760 1.033 1013 38.9 start
0.167 150 0.204 201 38.8
0.333 30 0.109 40 34.6
0.500 10 0.014 6 30.1
0.667 5 0.007 6 241
0.833 5 0.007 6 20.1
1.000 5 0.007 6 -
¥ UsEs™ =g x L=71 x 0.7 x 2.6 = 4.002 m°
% FZEI : Maker(RAEZEI), Model(WSVP-9060), 36 [Nm®/hr]
% I 0 31.1 [Nm¥/hr]

100

—— 2 & X T EI(WSVP-9060)
Size 4
90 | Size 6
Size 1

o=

80

70
60 /
50

40

Capacity, V [m */hrl

NS/
N/

0 200 400 600 800 1000
Vacuum pressure, P [mbar]

| | | | | |

0 150 300 450 600 750
Vacuum pressure, P [mmHg abs.]

| | l | | |

0 0.204 0.408 0612 0816 1.020
Vacuum pressure, P [kg/cm?2abs.]

- 127 -
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—

T =

IME | Vacuum pressure | Vacuum pressure | Vacuum pressure | = 4= g
(hr) (mmHg) (kg/cm?) (mbar) \;';(jﬂlls_‘/hcr)) bl
0.000 760 1.033 1013 29.8 start
0.030 275 0.374 367 28.3
0.060 110 0.150 147 271
0.100 35 0.048 47 26.6
0.130 15 0.020 20 25.0
0.160 8 0.011 10 21.3
0.200 6 0.008 8 19.8
0.233 4 0.005 5 18.2
0.267 3 0.004 4 16.2
0.300 3 0.004 4 14.6
0.333 3 0.004 4 9.7
0.500 3 0.004 4 7.3
0.667 3 0.004 4 5.8
0.833 3 0.004 4 4.9
1.000 3 0.004 4
Wess =g° x L=7x x 0.5° x1.1 =088 m°
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(AE-3) N2FBAXI| FIISH
&S
Vacuum pressure | Vacuum pressure | Vacuum pressure ==
(mleg) (kg/cpmz) (mb[;r) $j|?g Bl
\/o(m /hl’)
760 1.033 1013 251 start
450 0.612 600 24.4
275 0.374 367 24.0
170 0.231 227 22.7
115 0.156 153 21.9
78 0.106 104 20.9
56 0.074 75 19.9
42 0.057 56 18.9
33 0.045 44 18.0
26 0.035 35 17.0
22 0.030 29 15.5
22 0.030 29 14.4
21 0.029 28 13.3
21 0.029 28 12.5
20 0.027 26

=q’ x L=m x
: Maker(3t&¥ &3 H

:19.2 [Nm®/hr

100

]

0.7° x 2.6 = 4.002 m°
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=
Vacuum pressure Vacuum DI’GZSSUI’e Vacuum pressure $j|§/c\_>|
(mmHg) (kg/cm?) (mbar) 3
\/o(m /hl’)
760 1.033 1013 7.8
480 0.653 640 6.6
350 0.476 466 6.1
260 0.354 346 5.8
195 0.265 260 5.5
150 0.204 200 5.2
120 0.163 160 5.0
95 0.129 126 4.9
75 0.102 100 4.8
60 0.082 80 4.6
50 0.068 66 4.4
45 0.061 60 4.2
40 0.054 53 4.0
35 0.048 46 3.9
30 0.041 40
P xL=mx 06°x 125=141m°
% TERIIEL0IRE

—— Ol H E
Size 41 (X @ A)
Size 61 (Xl @ A)
101(X et A)
—o— g -
200 00 600 800 1000
Vacuum pressure, P [mbar]
| | | | |
150 300 450 600 750
Vacuum pressure, P [mmHg abs.]
| l | l
0.204 0.408 0.612 0.816 1.020

Vacuum pressure, P [kg/cm2abs.]
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30
5 — |
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§ 25 14
= *
= — E82AFI-257 |
S 20
= L 2
O
«
Q
«
O 15
10
[ ASEAHXD]
5 2
0
0 2 4 6 8 10
Chamber volume, v [m®]
=M =220 e NBFINH
- 2 AEAXD| | dsHYHEBEE | =SE1S5D| 23| Hl 1
V=SSNV 1.41 0.88 4.002 4.002
Maker JMAA | REARKNZBEID | QAN ZBEHOD | SHERZ2EHT
INE=T
I Model SJ/0/&E | WSVP-9018 | WSVP-9060 |[HWVP-2-085
IS 28.0 36.0 51
[INm®/hr] ' '
SN =l E=2=
3 5.2 23.6 31.1 19.2
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[App.4] Basic arrangement and 3D CAD of exp. apparatus.
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[App.5] Block diagram of power supply and control circuit.
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