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SUMMARY

I. TITLE

Efficient Application of Greenhouse Cooling Systems

Io. OBJECTIVES AND NECESSITY

Some of the important problems in whole year consistent production of
horticulture products may be heating during the winter and cooling
against extreme summer weather conditions. The relevant investigation
for greenhouse systems have been conducted since oil shocks in 1970's
and IMF crisis in the end of 1990s.

However, the investigation were focused on mainly heating energy
reduction , such as nature energy application techniques and alternative
energy development.

Consequently, under Korean summer climate condition the critical high
temperature in greenhouse, systematic Investigation are limited to
incomplete situation.

During summer season in Korea, due to the extreme value of solar
radiation energy, the temperature in greenhouse is several degree higher
than the outside air temperature; it often reaches over 407T.

Such a phenomenon of extreme temperature cause a handicap that

ever in a of high Invested and high-tech oriented greenhouse, crops not

‘.11_



grow properly or may suspend the crop growth temporally.

Therefore, for the purpose of the full operation of greenhouses, the
efficlent modification of greenhouse environment during the summer
season should be studied.

Greenhouse cooling technique is one of the potential way of the
efficient utilization of high-tech greenhouse, which give such advantages
that : year round operation of greenhouse, production of high quality
products, predicted production and marketing, accelerate the crop growth
under strong light condition, and the improvement of labor environment,
SO on.

Even though shading and ventilation techniques are normally applied to
reduce greenhouse temperature, excessive shading cause very often
trouble the crop growth and ventilation itself is limited technique under
extreme temperature condition.

One of most effective cooling techniques is the evaporative cooling
method which provide spraying water to obtain cooling the inside air.

There have been many evaporative cooling equipment practically
applied, still there many problems solved for further improvement.

The purpose of this investigation was to find some practices to
overcome the extremely high temperature during the summer and to
make a systematic techniques for designed and operation of most

efficient evaporative cooling system.

_12_



. SCOPES OF THE STUDY

1. Research on Development of Means of Practical Application of

Evaporative Cooling Systems

1) Analysis of Trouble Points and the Efficiency in Evaporative
Cooling Systems
O Investigation of Current Situation of Greenhouse Cooling Systems
in Domestic and Foreign
@ Investigation of the Actual Operation State of Evaporative
Cooling Systems in Greenhouse
@ Analysis of Cooling Efficiency of Evaporative Cooling Systems.
@ Analysis of Trouble Points in Evaporative Cooling Systems
2) Setting-up Practical Application Techniques for the Fog Cooling
System
@ Development of Design Algorithm for Fog Cooling System
@ Study on Optimum Distribution of Fog Nozzles
@ Study on Ventilation System for Fog Cooling
@ Study on Maximization of Cooling Efficiency for Fog Cooling
System
3) Systemization Study on Application Techniques for Fog Cooling
System
@ In-situ Application Tests for Fog Cooling System
@ Study on the Solution to Trouble Points in Practical Application

of Fog Cooling System

_13_



@ Establishment of Guidelines in Design and Operation of Fog

Cooling System

2. Research on Economical Methods for Overcoming High

Temperature in Greenhouses

1) Actual Utilization and Thermal Environment of Greenhouses during
Summer Season
@ Actual Utilization of Greenhouses during Summer
@ Thermal Environment of Greenhouses during Summer
@ Cooling Effect of Several Assistant Cooling Methods
2) Construction of Basic Data for Overqoming High Temperature
@ Development of Design Algorithm for Overcoming High
Temperature
@ Analysis of Regional Design Weather Data
® Growth Environment Conditions of Greenhouse Crops in Hot
Season
3) Economical Methods for Overcoming High Temperature in
Greenhouses
@ Feature of Usable Methods for Overcoming High Temperature in
Greenhouses
@ Survey on Material Related to Overcoming High Temperature
® Economical Methods for Overcoming High Temperature by Field

Condition

_14_



IV. RESULTS AND APPLICATIONS

1. Results of this study

1) Results on "Development of Means of Practical Application of

Evaporative Cooling Systems:

@ The total number of 29 farmers have evaporative cooling systems
in greenhouses ; 9 farmers of fog cooling systems, 6 farmers
pad-and-fan systems and 14 farmers of disc-spraying systems.

@ The rate of the actual operation of evaporative cooling systems is
; 33.3 percent in fog cooling systems, 66.7 percent in pad—énd—fan
systems, 100 percent in disc-spraying systems. It is necessary to
solute several trouble points in fog cooling systems.

@® VETH diagram for cooling system design in domestic 16 selected
regions were constructed to find necessary ventilation rate and the
amount of spraying water based on selected cooling conditions.

@ There was no significant difference in temperature reducing
depending on shading. There was considerable cooling effects by
reducing the absolute humidity in greenhouses. The ventilation rates
and control schemes were also considerably affected on the
evaporation rate of water particles and cooling performance.

® CFD models developed for analysis of the thermal environment in
fog cooling greenhouses were tested and concluded that the CFD

models can be used for the purposes within tolerable errors.

,15_.



® Dehumidifier was developed for increasing cooling efficiency of
evaporative cooling systems. The average  humidity reducing rate
was 64.6 percent.

@ It was concluded that the greenhouse cooling reduced in crop

stress considerable level.

2) Results on "Research on Economical Methods for Overcoming High

Temperature in Greenhouses;

D The actual utilization of greenhouses during hot summer season
showed that about 21.6% of the investigated greenhouse farms were
in fallow state, and most of greenhouse farms were cultivated under
the very inferior environment. There were many demands on the
development of low cost methods for overcoming high temperature in
greenhouse during summer,.

@ Thermal environment of greenhouses according to the evaporative
cooling method and several assistant cooling methods such as
ventilation, shading screen, roof sprinkling were examined. As the
each assistant cooling method was used, about 74.8%, 26.9%, and
58.2% of temperatures in greenhouse were above 35C. When shading
screen and evaporative cooling system were operated, most
greenhouse air temperatures were maintained below 35C, and showed
a drop of 3.8~4.2TC as compared with naturally ventilated greenhouse.

® To determine the capacity of ventilation and cooling systems,

_16_



heat balance equations were established and verified by experimental
results. The calculated ventilation rates from heat balance equations
showed a good agreement with the measured ones. The
evapotranspiration coefficient was the most important parameter
affecting the ventilation requirement among input parameters except
weather data. Therefore the data of evapotranspiration coefficient
should be accumulated by various experiments, and then design
standards and selection guidelines should be provided.

@ In designing the greenhouse cooling and ventilating, the guideline
for selection of weather data was provided. The range of adequate
light, ambient and root zone temperature for major greenhouse crops
were analyzed, and adequate shading ratio and critical shading from
design solar radiation level were estimated. Survey on materials
related to evaporative cooling, shading, and ventilating was conducted,
and some standard data for planning of overcoming high temperature
were provided.

® It was showed that the overcoming high temperature by shading
and ventilating was mostly possible in greenhouses cultivating crops
required low light intensity. In crops required medium light intensity,
the use of adequate shading screen and ventilating fan was able to
make the overcoming high temperature possible. But in crops required
strong light intensity, it was impossible to maintain indoor
temperature below 35C even when shading material and a high level
of ventilation are in use.

® It is difficult to install.a ventilation window on the roof of single

_17_



span greenhouse of arch shape. Investigation on the roof ventilation
structure for those greenhouses was conducted. The effect of roof
ventilation was evaluated by comparative experiments between two
greenhouses. In greenhouse installing roof vent, average indoor
temperature was lower and temperature distribution was more uniform
than in greenhouse having controlled side vent only.

@ Experiment on the heat transfer of a soil cooling system was
conducted in greenhouse. Cooling loads of the soil cooling system
were calculated with solar radiation, temperature difference between
inside air and root zone soil, and soil water content. Experiments on
cooling the nutrient solution, spraying water on the leaf surface, and
measuring the leaf temperature, transpiration and absorption rate were
conducted. And also effects of root zone cooling were evaluated. Root
zone cooling, such as soil or nutrient solution cooling, is much less
expensive than cooling the whole greenhouse and might be effective
in promoting root activity, improving water absorption rate of root,
decreasing plant temperature, and reducing high temperature stress.

® In order to set up methods for overcoming high temperature, field
conditions were divided into five grades by a level of environmental
facilities and investment for greenhouse. The unit costs of materials
to install usable methods for overcoming high temperature were
estimated. Not excepting basic equipment, for overcoming high
temperature, actively and selectively recommended control equipments

were provided with greenhouse grade, respectively.
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Temperature(C)
8

5|

20
£:00 7:00 8:00 9:00 10:00 11:00 12:00 13:.00 14:00 1500 18:00 17:00 18:00
Time
¥ 2-2. 24 R4 712 88 (Fe] 170cm)
100

—— HUi = r U2 e« HUS e HU4 == HPAD « = « - HOUT

Humidity(%
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¥ 2-9. dJeduixrdoge &% v I

A2t AM 06:00~PM 06:00" AM 09:00~PM 03:00™
FE | Jure [ mEre | dzne | FRse | 370e
53 () (C) (T) () (C)
T OUT 36.6 30.6 36.6 28.3 335
T PAD 29.5 26.2 275 25.2 26.8
TU1 31.1 276 30.7 26.7 28.8
TUZ 32.8 284 32.8 275 30.1
TU3 34.0 28.7 34.0 279 30.8
TU4 34.8 29.1 34.8 28.3 31.3
TD1 31.1 27.8 31.1 26.7 29.0
TD2 32.8 285 32.8 275 30.2
TD3 31.9 277 318 26.7 29.3
TD4 34.4 28.7 34.4 28.3 30.9
Z)TrEAAND, T ASAdAA 2" B AD
E 2-10. JEdAN AN AU E v @
Azl AM 06:00~PM 06:00° AM 09:00~PM 03:00™
5 JueE | AF2% | AsE | FA=E | dEes
=4 (%) (%) (%) (%) (%)
H OUT 93.8 62.8 69.0 38.8 519
H PAD 96.3 87.9 93.8 78.0 86.4
HU1 93.8 794 84.0 69.4 75.3
HU2 93.8 76.4 79.7 62.8 70.8
HU3 99.1 76.9 78.8 60.1 68.4
HU4 100 775 80.6 601 68.1
HD1 96.3 82.6 88.1 70.8 779
HD2 96.3 76.9 79.8 62.8 70.8
HD3 100 81.7 84.0 675 74.6
HD4 99.1 78.1 788 61.6 68.9
)T ERAY, T HEARALE FFEAD
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Humidity(%

—TU1 w W o« - ~TW - T
R o ——Tf —TU7 == e = T OUT =———R1 —_—-— R -
A “” A 1 600
K T e ~ b y
—_ A N 3 50
FOIE: U i < A - ::.::.*f‘\'\,c i Sl FLbe s bt i g
[ - N aa
észA_ 777777 J YPN.5 35 U . e o o 400§
g v ____R»‘,[ g
Qw [ - s LYol S B o | xw &
E LN A ~
(S ) S O O - A N 3
[l 1B r 20 ~—
10 ,,,,,,,, — _.*.177 ,,,,,,,,,,,,,,,,,,, ) o
5 F---- A _ 7|4 _ o= et o . _ /X 10
\Y)
0 : - : ; : * 0
600 7.00 800 g00 1000 11:00 1200 1300 1400 1500 16800 17.00 1800
Time
Iy 2-5 24 Ui &% W3 (¥°] 150cm)
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E2-11. FaA 2" A 2% H
L AM 06:00 ~ PM 06:00° AM 12:00 ~ PM 04:00™
5 | HAurie | 2@ | are | X | Bl
3 (C) (C) (C) (C) (C)
T OUT 31.3 26.1 31.3 285 29.9
TU1 36.9 309 36.9 32.0 34.4
TU2 38.2 315 38.2 32.9 35.2
TU3 38.1 31.4 38.1 324 35.3
TU4 38.1 32.0 38.1 33.2 35.9
TU5 38.0 32.1 38.0 33.0 35.8
TU6 39.1 32.8 39.1 33.8 36.1
TU7 381 32.2 38.1 32.9 36.0
TDI1 36.8 31.2 36.8 32.0 345
TD2 37.9 31.6 37.9 33.1 35.6
TD3 37.7 316 37.7 32.9 35.6
TD4 38.4 32.0 38.4 33.0 36.1
TD5 37.7 32.0 37.7 334 35.8
TD6 36.9 31.0 36.9 30.6 34.0
)T EAANL, T Zaad A
E 2512 TaAadg e FdigE ¥
Azt [AM 06:00 ~ PM 06:00° AM 12:00 ~ PM 04:00°
FE O Hangs | H2gE | AueE | AARE | BAEE
=3 (%) (%) (%) (%) (%)
H OUT 100 774 725 576 65.6
HI 91.6 65.2 66.4 481 56.7
H2 100 71.7 63.8 54.4 62.5

) T ERAZ, Y ZaA sy Az
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A3d TaYWAI 2 dRHE7Ie FH

L XA 2de] A4 44

Wake] o 24U 72 2 AuUsg:EE #UeHd AUFEAE (2
A dHAEH G FHAE)Y FARREYH FAHE7] 9% M=(VETH
Ventilation Evaporation Temperature Humidity)7F I (1980)¢] 21 & =} Al

Ho] gt VETHAEZRE Fogza 7|4z7Ad da vy 532x=d =

7. VETHA = # 4
1) VETHA E o] &
st EAd A(mD)e £4dd Qm¥/min)ed &7 #HIE AL Wi &

=, AU EE, FEES 97 274739 BAE BE 40 He2 BEAC.

pPQ (x;—x)=E-A (2-2)
(Cq P Qrk At -t)=(R,-IE A (2-3)
X in=Xg+ Eg (2-4)
p( A )
R,-1
t =ty "_Q_E - (2-5)
C, P(A )+ 3
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Ax(kg-m>), E: AW 224 &(kg -m? - minh)

o
o
N
lo,

2719 A& S(kg kg )

®
5
{2
=

X, 9% F71Y AdEFE(kg - kg

ti s AU 2E(TC), £, IF 2=(T)

C,: &71¢ ¥l D(kecal-kg' - C™")

k9| Q8F g keal-m™ - T min), 4, : 9EE A (m?)
B Heu(utagAd/ERA) [ B9 7189F (kcal - kg™)
R,=1-S-(1-a) : ©8A%F(kcal *m - min)

S:Ad9 39 YA F(kcal - m > -min?), 1 dAEBE
2l

A (2-4)2 QA dal A F 24 2-5 didsd A (2-6)&

tjo
tilo
P
as

7,4 -8 Bl ga AU £ 4 25 desd 4 2D 4e +

4
£

_ (R, - IE)D (x;, - x,)
fin - ta+ CHEB+k(X,'n _xa) (2"6)

R,-1pqg(x; —xg)

c.,pq+<§>

A71H, g #71% (m’-m? min")

BUEE0S FHEEEISGY BAE SAHoz dgd 4 (2-8)¢ 4
2-6)7 2 2-T)ol WABOZH % He DA T,

x=818x10 “H(0.046t%-0.87t+16.5) (2-8)
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W, = ExXA (2-10)

AN, W, AA T2 =2 B

4 2-1044 T ERFFE =2 1Y 2RS4 Pez Uvw Zad

= AsE 78 7 d9. FE 2-139A4 YEHE EFFFE ARITUAES

Ry & 7] T A % 2k 3 (50%)
BEen 3 & [ 2R3 [FdsE| 2553 [ FusE
(C) (8]/min) | (kg/min) (%) (kg/min) (%)

28 0.8 *okok *okok ok *okok
1.0 oKk ok 19.9 97.6

15 sk ot 24.2 93.8

0.5 ok fork 134 92.5

30 0.8 25.1 96.5 14.8 85.3
1.0 26.0 91.8 158 82.8

1.5 28.4 835.6 18.2 79.6

0.5 21.3 944 11.1 785

32 0.8 21.7 82.3 114 72.3
1.0 219 78.2 11.6 70.3

1.5 22.4 72.8 12.2 67.5

0.2 o otk 9.6 87.5

05 19.0 90.7 3.8 66.6

34 0.8 18.2 70.2 8.0 61.3
1.0 177 66.7 75 59.6

15 16.4 62.0 6.2 57.3

) 3-1G¥ 39 F F2d dg g
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A
& O O
T7.H7 T8.H8 T9.H9 r
@ Fog nozzle @ R
Orsma Ors s Y166 Y @
(2]
shading i
m
ow O —g|3
o
Oy Urare DTB,HS A
ol =
D HR2300 . dehumidifier. gI
1.0 l 09 0.95 e 1.9 N 01 Hobo(T,H)
”s O : Anemometer(V)
<———*>{ A rradiation Meter
3.25
>
55 |

29 2-8. 43 24 Ad 2 AA HAE (89 m)

N
2

TaxN =g A

Ao} AAEE ¥ I w=Z(Impaction pin IP-16, Mee Industries Inc)& #
FerEol 70kg - cm “Y W BAIAZ 09m, EAFEZE A4l 0.75mo) 1, »Z 9
MNEF BFFHF2 0.094kg/mine]l™, BF YA =7 20mA T olth. 37 3
o FEFHFL 4437 9] ASHRAE wale Wwrd A4 TAC 1%(A
o

= 326C, TS5 1 261C, YA : 881W - m DY Fdx G )

2-14% 2. F 2-149 A4 #7134+ E 0832 A EFFFY =F9
BAAY, BAEE meiste] 4 ¥E 21

24m Folol ImZAe=w F 32709 T =& WX, EANTFS

_57_



Agoz Hgon, LaNLY ASALE 24 104%H o F
stk
E 214 4% 24e WY TELEY Wadr|Es 2 BEs
ey | &7 R % (70%)
zges | 3+ |35z [dus=| 27z [vuss
(t) | @/min) | @/min) | @) | @min | ©0
0.2 ok ok *ok sk ok
05 kK ok 1053 98
28 0.8 otk ok 1322 94
1.0 Hokok *x 1498 93
15 3042 97 1931 91
0.2 Rk ok 655 97
05 odok ok 319 83
30 0.8 2012 90 936 80
1.0 2106 88 1053 79
15 2340 83 1170 77
0.2 kK *ok 203 31
0.5 1603 36 527 70
32 0.8 1638 77 585 63
10 1661 75 597 67
15 1708 71 644 66
0.2 ook ok 351 67
0.5 1334 74 269 59
34 0.8 1252 66 176 57
1.0 1205 64 117 57
15 1053 61 ko ok
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p:UE(kg-m?d, u : BAA

=
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Go: B2 $E9 FAZ A8 2

E4 GFAM HER AF A JdE

= B Zo kot £9 g oE A,

e (2-17)

Je-4R ) 4 2-18)% 2o

(2-18)

L+

g, : eo) ¥ FF Prandtl

Cls, C2£: CS& : EE"—‘J—Q] /%'}T:

(4) RNG 2 ¢

RNG(renormalization group) 2492 ETF k-eEd9 ¥ AFEE &4
3 Aoz dA% FAAH 7Y & &8s FEE Helth. RNG

29 k

9 eo] W T AL A (2-19)8 4 (2-200% 2o}
Dr _ 0 0« - _ -
P = ax,~(‘““eﬂ_ax,-)+G“+Gb pe -Y,  (2-19)
Dg 0

Dt —a}_i(“f”@f’ %;,- )

(2-20)
2
+ Clg%(Gk +C3e Gb) - CQSP% -R
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a, © kol 3 FE& Prandtl 79 9

i

a, : eof dist § & Prandtl 9 9

i

Ly FEHEALASF

Cpn’(1-wny) g2

R = oo > (2-21)
o714, n = (Sk)/e, ny=4.38, p=0.0120]x, s|d& S+
S = V25,5, S,-,~=L(a“f+a”f)
5 2\ ax, " ax,
ojt}.
(t}) Realizable k-eE &
Realizable «-¢e¢ 222 AdjHoz HIo 7igdE Aoz F 7HA Fod Wy

D« d U, 0 & _ _ _

"Dt axj{(LH oﬁ) axj]“LGK*fG,, pe Y, (2-22)
G

p = —7—|(n+—+ -5
Dt dx; O, 8lx,~ (9-23)

& £
+pCiSe - pCy . +\/’;£ + Cye i« CSsGb
Ag714, C, = max[0.43 d ] (2-24)
b y n+5

C, = Constant
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s; 1 s9 iWE FH8A a FFAF
n: 22AF, o, @ BAAS

0 : Stefan-Boltzmann 2% (5672x10°% W - m - K™

[ 2EARE, T :71L, 0 834885, ¢ dAL

’

o

Z & A 4 (refractive index) ne #3¢ £ semi-transparent A ol A
o BAZE ndg W 53 Fad golvk. 2 (2-25) FRY F wA I,
I(@a+0) ma Uz #48 BAANURA(CD FAA Fao Add 98
Ed5e JUAE grsta, ¥ A HA T AN gas emission

off sl wAHE Baduxeld, wel T oA & ohA WA

scatteringel 98} F712 o= FAA A E o v o},

(4) ¥ 8 sjAdo o3 2d
AL A HeEd 249 A ofo] stEEd. oJRE AN £EE FUF
AFIET A& HE T 4 Yot Boussinesq T € A (2-2603 #

(P-pylg = -PB(T-Tyg (2-26)
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H 2 of A
(5) Discrete Phase 2 4@
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U@ o EAR H4F 2rlse

A4 Aol

=g

=
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A7te A=

oA el EAbE

3
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7

(2-28)

= Fplu-u,) + glp,~p) + F,

du,
dt

A BFF drag force

o

Yol dx(kg - m?)

dAe £ & (m/s)

Uy -

S (m/s),

e

CHAY UE(kg-m?), p,

EEE

u

3

77

Al

Combusting ¢

.
L

(2-29)
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L AR 48 F(J kg
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A4 mde P4 AYsd E 2-16% Zoh

E 2-16. A 2de 74

Classification Setting of Method
Segregated solver
2D simulation
| Implicit formulation
solver . .
Absolute velocity formation
Unsteady state analysis
(1st-order implicit)
Energy equation Activated
Viscous model Realized K- & model
Radiation model DO
Species model Multiple species
Discrete phase model Activated
Multiphase model Inactivated
Pollutants Inactivated

(2) Az B84 SAF 44
719 BlE, A=A AF, AT 59 &2 289 ARE o] &5
714 Fluent T2 A ATste 7128%S AHEstd d+2 HAFHA0.

Zdd d89d Mredd 94 SA@FS & 2-17% 2o

29 AExAe TAR S BRAZ 452 BN 452, A% A
$ BRAZ %Bxol FAAY 522 FU. BAdge 24 vgHd £
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¥ 2-17. 24 489 A5Ee 4

A=
24X i Aluminum/| Soil | Glass | Wood PE | Concrete
R
5 2719 1900 2700 700 960 2100
(kg -m )
vl g
1 . 871 2200 840 2310 2090 880
(J- kg C )
A=QdeAF
S 2024 ) 20 | 078 | 0173 | 033 1.4
(W - m cH
EF5E 0.3 05 0.1 0.1 0.2 0.6
g 0 1 0 05 05 1
=3 AT 1 1 1 1 1 1
A& 0.1 0.89 0.87 0.5 0.1 0.71
v2o 0oV
N
m] ) m]
17 H7 T8 HB T9.H9
@ Fog nozzle @ —_———
Orgpa s s DTS‘HS - 1 ®
O vi vi O —¢w N °
By m1 Brp hz DTS.H3 X< N
D HR2300 fI .
4 4 y
10 L] 08 g, 095, 19 . O Hobo(T.H)
2 3 i O Anemometer(V)
<—"_"| 4N rradiation Meter

o9 225 2gede A9 2 A4 MAE (@9 m)

3) 23 ¢ z&F

Fluent CFD =@ 2] Al &3 o] 49

Fz3 $AFRA0E Yoy AAg g g
Foll +Ho]L(£10° ), YA FodA A AAF Aol 48 F A
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Agz 5 ap 3 A%

a AZH [ZA [ #ol [AEFA[dZA | Fol

- () (0) (%) (C) (C) (%)
1 320 308 | +1.2(38) | 332 334 | -02(007)
2 308 294 | +1.4(44) | 315 307 | +0.8(26)
3 30.1 302 | -01005 | 319 311 | +0.8(27)
4 328 322 | +06(1L.7 | 361 353 | +0.7(2.0)
5 309 299 | +1.033) | 327 329 | -02(0.7)
6 308 313 | -05(1.5) | 345 336 | +09(27)
7 31.1 318 | -0722) | 392 376 | +16(4.1)
8 292 301 | -093.0) | 319 321 | -02(06)
9 338 327 | +1L1(333) | 398 375 | +23(57)

F) LA FAAM ()t ;e AHLA(%)Y.

HE
ot
f1
i
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H

A, FAFRAANAY AEA% AEHe ex

(b) &4
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E2-202 o4 R 4 23d JusEd dg A=A Aol
of A% d=xg M Adeln. 2+ 2PLE TP zPNME 06
9.6 %9 A&, A% AT 1.3~-106%¢ 2A4F JdEHAG. AN
ozE &4 P =/ A YeuEs 4%S mded, ot FE
Zat g @5 fde $E7F E7RY] dED Aoz v A
Aol fAME 22 AFS Bolt Aoz vvung
F2-20 AEA % dSAe AdiEE v
2exd Rl 3
- d&A | d5A | Aol | AFA | AFA Aol
= &
- (%) (%) (%) (%) (%) (%)
1 60.3 661 | -58(96) [ 512 536 | -2.4(47)
2 725 720 [ +050.7) [ 583 628 | ~45(7.8)
3 725 672 | +53(7.3) | 595 6L9 | -2.4(4.1)
4 58.0 577 | -03(06) [ 509 477 | +32(63)
5 66.1 695 |-34(52) | 556 563 | ~0.7(1.3)
6 66.6 606 | +6.000) | 482 548 | -66(138)
7 63.3 588 | +45(7.1) | 411 420 | -09(2.2)
8 70.7 657 | +50(7.0)] 682 576 |+10.6(15.6)
9 55.3 557 | -0407] 376 431 | -55(145)
F) A EAA (ke e A%
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F 2-23. =% YA wWE & ¥ FEF

=24 Case 1 Case 2 Case 3 Case 4
Gl B IR RN i RN I N
T (O 1) e ) | o] @) | o) | (%
% | 313 | 67.8 | 31.3 | 67.8 | 31.3 | 68.0 | 31.1 | 69.0
A % 1306 | 711 | 308 | 708 | 30.8 | 71.1 | 309 | 706
A8 [ 312 | 71.0 | 307 | 71.7 | 302 | 748 | 31.0 | 70.0
A | 310 | 698 | 31.0 | 69.8 | 309 | 706 | 31.0 | 69.8
8 | 305 | 724 | 306 | 724 | 305 | 725 | 305 | 72.7
BE TH 1297 | 768 | 299 | 766 | 30.0 | 758 | 30.1 | 754
A% 303 | 758 | 30.1 | 761 | 30.0 | 765 | 29.8 | 775
AA | 302 | 748 | 302 | 748 | 302 | 746 | 302 | 74.7
% | 306 | 725 | 306 | 725 | 306 | 72.7 | 305 | 73.0
ce FH | 298 | 77.1 [ 299 | 770 | 300 | 76.3 | 29.9 | 76.8
A8 1302 | 758 | 301 | 76.1 | 304 | 742 | 306 | 73.2
A | 302|750 | 302 | 75.0 | 30.3 | 744 | 30.3 | 746
sty | 308 | 709 | 308 | 709 | 30.8 | 71.1 | 30.7 | 71.5
. 5 1300 | 75.0 | 302 | 748 | 30.3 | 74.4 | 30.3 | 74.3
A 1306 | 742 | 303 | 746 | 302 | 752 | 305 | 73.6
AA {304 | 732|305 | 732 | 305 | 732 | 305 | 73.0
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(a) Case 1
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(b) Case 2

(c) Case 3

(d) Case 4
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¥ 2-2. #71=x2 &
=l Case 3 Case 4 Case 5
3= ENSN Sl RN N
T (C) 1 %) 1 (C) | (%) 1 (C) | (%)
sf 5 30,7 | 70.1 | 30.8 | 69.7 | 30.6 } 70.2
AS T 5 301 | 743 | 302 | 73.1 | 298 | 745
&5 283 | 805 | 292 | 7192 | 292 | 785
z A 300 | 748 | 302 | 73.0 | 30.0 | 736
35 298 | 760 | 30.1 | 736 | 30.2 | 725
BE 5 284 | 856 | 286 | 34.1 | 287 | 824
& 290 | 821 | 285 | 8.4 | 281 | 86.3
A A 291 | 81.0 | 29.2 | 802 | 292 | 792
35 298 | 764 | 300 | 746 | 30.1 | 73.2
cx e 280 | 838 | 283 | 86.1 | 2877 | 819
&5 286 850 | 282 | 875} 281 | 852
A A 288 | 831 | 289 | 81.8 | 29.1 | 79.1
B 301 | 742 303 | 726 | 303 | 719
47 T as 238 1 829 1290 | 8.1 1291 | 796
A | 349 | 550 286 | 842 | 286 | 84.0 | 285 | 833
= A 293 | 796 | 294 | 7183 | 294 | 773

- 108 -




- 109 -



- 110 -



3) A% AFe BE YWEH 2
7h 48z
Apgoifel M ILEARE EAH H7] A5t AF Ao giFd Aga
oliE THE F FAJAHAM FAF ANEH NG AHE vasg.

N

FEE XA A8t Gambitl A A FE FE g FAE YA

% Fluentol A o] R EE wall boundary® F31 23 % A7 ¢=nrFI

4

SA%e AT 71 H F4£L& E 2-229 Case (x=ZE ¥ 2.3m)
B FLdEA AT, AFFHALY BEFFFL B 2-13904 AT 23
Z2hMe EFTEE dE3AT AF R @& AEHo
E 2-26% 2o,

&

zAL

£ 2-26. 24 o R e AEHIE =4

T8
. Case 1 Case 2
Aol PRAF | AFE0%)

) A gl 23

E 2-272 FA4% % A% oA AEHo|M ZFA4E v Aot

AL A3 QA REH7 BUSAE BTFAD ALY A exAt
Ao e Aoz duREd, ol AT A EFY dxe 580

e 7 zhdAY 25 L JUEEY BEE Ued Ao

- 111 -



® 2-27. AFE[Y O zk e Bdg
z7 Case 1 Case 2
R 25 &= eE &5
T (T) (%) (C) (%)
5 31.3 67.8 29.3 68.0
=5 30.6 71.1 30.7 67.1
A%
A 31.2 71.0 30.8 62.9
A A 31.0 69.8 30.2 66.6
a5 305 72.4 29.6 67.1
5 29.7 76.8 30.2 09.7
B&
AR 30.3 75.8 31.6 00.7
A 30.2 74.8 30.3 066.9
35 30.6 725 29.6 67.2
=5 29.8 771 30.0 71.1
Ce&
A 30.2 75.8 30.9 65.4
A 30.2 75.0 30.0 63.4
35 30.8 70.9 295 67.5
. = 5 30.0 75.0 30.3 69.3
A A
Ab 5 30.6 74.2 31.1 63.0
2 A 30.4 73.2 30.2 67.3
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X 2-20. AEE 1HE B A A ALY
=Sl Case 1 Case 2 Case 3 Case 4
FE |2 | FE |2 | FE |25 | fE |22 | 5=
T (C) 1 (%) [ (C) | (%) 1 (C) | (%) | (C) | (%)
g% 1313|678 310 724 ] 313|673} 312 | 709
AZ % | 306 | 71.1 | 30.8 | 747 | 345 | 585 | 33.8 | 639
AR 1312 | 71.0 | 315 | 711 | 340 | 577 | 338 | 614
AA | 310 | 69.8 1310} 731 | 331 | 617 ] 327 | 66.2
sHE | 305 | 724 | 302 | 775 | 308 | 694 | 304 | 756
BE =4 29.7 | 76.8 | 295 | 823 | 343 | 588 ]| 34.2 | 639
AR 1303 758|304 | 780 ] 334 1 599 | 335 | 64.2
AA | 302 | 748 | 300 | 795 | 327 | 633 | 325 | 68.7
3-8 | 306 | 725 | 303 | 77.4 | 306 | 703 | 30.2 | 775
cx =5 |1 298 | 771 | 298 | 813 | 346 | 585 | 338 | 65.2
AR 1302 | 758 {303 | 785|333 | 611 | 33.7 | 63.7
AA | 302 1 75.0 | 30.1 | 79.2 | 327 | 63.7 | 32.3 | 69.8
& | 30.8 | 709 | 305 | 75.8 | 309 | 69.0 | 306 | 74.7
47 =5 | 300 | 75.0 | 30.0 | 795 | 345 | 586 | 339 | 64.3
A5 1 306 | 742 | 307 | 759 | 336 | 59.3 | 33.7 | 63.1
A | 304 | 732 1304 | 773 | 329 | 629 | 325 | 68.2
oy 2-387 29 2-39¢ 74 2AEE 24 Wi 2x 2 Adss

2% ey Aol
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90% olvel E=% HA .
GYEULe 4 (2-33)02 T £ o

AP=4f(L/D) (pV*/22)(N,)0, (2-33)

%

AP : pEEAkg - mD), f, : WHRAS, L 1 golX Zol(m)
D : solZe] JRAAm), V@ #YHE 279 £E(m/s)
N, : olZe] £ g FHFEE(m/sY)

p: BN UEkg -m®), ¢, A= T

X
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228 #olTe] AEWHS TY F Utk YvHoz A §YHE
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- 121 -



3 mo= 2
| o N ol '
= o oo a
~ :.L :,L M
£ ,AMM ol . Ml
o ) -

. — B o0 24
5 ; b = i
W ) o - g
< - 0 = 24 Y
B < T - W ~ 5 @ -
r— ~ o ol — aﬁb ~ —_ O~
e - o = T o% 7 5

‘mu X 7y o~ w.lﬂow . — . —_ C:_ @
el o ' B —_ — ot} .CI

£} . ™ W g L -~ R - . 7T
S R T ® X3P L oq TOE
| il < ! o/ V )
s 7 o5 g T - T T AR o
s . < i L S IS S © o

< W M =K oK ) %W X i = M B Ho B of = W\a

0 N —

e S ¥ Lo 2w fow e
° < = - 3 T Y ° M, T R Hoo N -

) noo= » —

q + - Mﬂ ,mﬂ o ‘mE ﬂmo ‘OI @E % % 0 OH N ] ‘.WH N\uﬂ

AR &l g oy W ' o L .o

B S NP A S T T R 3
o . e ! \al

b - 4
: i < & 7 j] R 4 o
- - 5 S ~ syl 5 " o o

o F 0N
pui = - "
e W — ol
o COTY =
e 7 ow O A

uéo OW .: 1

(2-37)

Qu X CwXAT
- 122 -

Qq



R, Folx Y 22+ &9 <= (kcal/hr)

ed, #E7) §Fo] FHA v WE Boz FYHE I Fne
A Qo med, 44 dueFe Fo|T Yz FUdHE 2o FFol
o stel AF A,

A @2-38)2 7% F+ Ao

_ Q _
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-5 AFTd F9HE ASFF WHAAAN AF7 d5S 4

g% 24 Apg o5 AFoF Asg
(O, X) (O, %) (kg/min)
Case 1 X O 10
Case 2 X O 15
Case 3 X | X 15
Case 4 @ X 15
Case 5 O O 15

2-31e] A Case 13 2% S Wate] B2 A&7 A4

off
o

Fobn

fel

71 918 Aol Case 29 32 FAZAEH A Zayuaxdo] o A
%719 EHE Yolrny] Y& Ao, Case 49 5= HFFAH A X1y
PA Ao AFIIe §HE Doty A3 AdPolth AFrY AsF
Fe& AAA 20kg/minel A e, 4F 249 HdFFe]l 15kg/mincl

7] W Eo] 15kg/mine & A A&t

W) FEuse O AsEe
solZ2 §YHE AstFe FFol ASd el vAE JFL B
7] dstd As7ied FTIFHFEL 10kg/mineE Folu sHEEe FAF
A Aol A4gg &

Aes el & FE B

TF o] 15kg/mine® AE7E FES

N
o
N
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e vusdo. 23 2-43&
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fr#F°] 20kg/mino] HEE HARGUD AA 24 YA A2 FTF %
¢ fr#&Fol 30kg/minol7] HE & WP FFHE HFL 15kg/minol Ao}
whEtA, A FF FFol AA FFY 5% HY) WEC AsFgd 9
1sbe] duggol EEA Hol $5 %9 ASE 7l1ALA @ Roz
o

0}

ol
N

oo
Y
i

G Agdol Aol g AFETH B4
1) CFDE o 4% 24 Y% $E2T 34

7}) CFD 299 +4

oX

(1) CFD 2499 7|8 +
AF71E ol&ste TaYLede 249 TR E =87 9% CFD
ANEHIES M o Held dFUYE CFD3A 71X Fluent
(version 54)F A& 3R ow, 7I8t&dd o4 2 AL ddeo g4 B =
€ Gambit(version 1.3)& o] &3 %},
X EFd L FRoE AL FANHEE 3 TEHQA 379
THELAY, A HAA ol dF HH &
#1% realizable k-e ¢ FEE, BHEEA R HAEHG Y 4 S 9% DO
%/;I-E‘*e‘, Fa A9 HH S Y93 Discrete Phase 2L F712 o] &3
% Tt
AldE FEd olE mEHANES AHFEEy] dAM B2ANH
(segregated solver)E AL 1, T2 w=Zo] BEAslE AZEed = v A
ARz A, Agrid dstd wAse 249 Zo] wakd gl
7179 FFgeo]l neHoloF HBE Gambitdl A 3xdez ARE T4 5o
At 2AZDE AT AE U2 REY AAzAL 239 A &Y

ol A} FYdA FHx, As7Y FUdHE YL Fan-boundary® A A3st
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FARFE FATE B9 &%

ML

& Pressure-outlet®e. & A3

7] YRgA Hoz FddE T 71 WEAA Fds=7t £
AEZ FEHE AE TP Edo AAAHA FAHA= F
z2t.
¥ 2-32. 314 mde] 4
Classification Setting of Method
Segregated solver
3D simulation
| Implicit formulation
soliver R .
Absolute velocity formation
Unsteady state analysis
(1st-order implicit)
Energy equation Activated
Viscous model Realized x-& model
Radiation model DO
Species model Multiple species
Discrete phase model Activated
Multiphase model Inactivated
Pollutants Inactivated
(2) FE71 s 2 A= 44
CFD 242 7437 9% 948 4uun £ 2-33% 2. $4 9

71 AtEe AAL dA S R e dAEA FAHE AEE AR
o
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¥ 2-33 AARE R4 AE D LEH
dEFF(EH) SR
HE 2= (K) 302.78
EFT(%) 54.9
EAAHW - m?) 853
R ZF % (m/s) 0.46
9] X Z gk (degree) 120.4
X34+ Z 74 (Pa) 4160
FT22(K) 297.25
T2 (K) 296.00
£ 5 Al 7H(sec) 45
A A A} ZH(sec) 45
EF F(kg/sec) 0.00157
54 52 7] (um) 20
) CFD 299 3%
E 2-349 % 2-35¢ 24 UF9 ZF HddE 2x 2 AdFEd o
=29 &8 vad A4 44 el Aol
E 2-34. A&A9 =R 2% H
o A B C
BEA[dZA| oA [A2AdzA] e |3%A[a5A4| 24
=3 (CH (C) () C) (C) (C) (C) () (C)
1 32.8 306 | +22(65) | 295 286 |+0.9(3.0)} 335 315 [+2.0(39)
2 319 290 | +29(9.0)| 311 30.0 |+1.237N)] 328 30.0 |+2.8(83)
3 33.1 308 | +23(7.00| 31.2 308 {+0401.2)1 318 299 [+1.9(5.9)
4 29.6 308 | -124.1)}] 353 324 |[+2.8(8.0)] 285 289 |1-04(1.1)
5 28.3 32.0 1-37(13.1)] 270 283 |-1.3(5.0)] 29.0 30.1 |-09(39
6 309 320 | -1136)} 361 32.8 1+3.4(93)} 305 30.1 +0.4(1.3)
7 319 301 | -1.8G7) | 343 32 [+2.3(6.7)] 312 30.3 | +0.9(3.0)
8 337 30.1 |-36(106)} 32.3 31.8 [+0.5(1.7)fF 295 302 |-0.7(2.3)
9 322 31.0 |+1.2(3.8)
F) LAFgENA ()Y T FHLH(HY.
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G A B C
AzAlgEA| ex |[AzAldzx] ox |BzAldzx] o

FA\| %) | %) (%) (%) | (%) (%) ©) | ©6 (%)
1 68.3 744 | -6.1(89) | 51.3 523 | -1.0(20) | 584 628 | -4.4(76)
2 715 734 | -19286) | 61.7 795 | -7.8(126) | 646 | 692 | -4.6(7.2)
3 597 | 667 | -7.0(11.7) | 506 | 586 | -8.0(15.0) | 62.1 60.1 +2.0(3.3)
4 86.5 75.8 |+10.7(12.4)] 60.8 58.2 +2.6(4.2) 81.7 754 +53(7.1)
5 78.1 73.0 +5.1(6.6) | 66.1 754 | -9.3(14.0) | 79.3 72.2 +7.1(8.3)
6 76.9 70.0 +6.9(9.0) 67.7 56.7 1+11.016.2)| 72.1 66.1 +6.0(8.3)
7 76.0 66.1 | +9.9(13.0) | 65.1 59.3 +5.9(9.0) 67.9 65.3 | +2.6(34)
8 63.0 65.8 -2.8(4.4) 70.3 599 | +10.4(4.8) { 765 65.2 [+11.3(14.8)
9 71.4 62.1 | +9.3(11.2)

) oARBAA (3] e ALY,

Zb 2492 2= 11~131%, 55 20~162%9 x4 YEU
2519l N Eeol 2o vt oA ZA JEsed ol: Gambitl 4 Az
Ge FAY o ALNDS DA 249 ABHHARY ARE 4
THRRI WE AEESF Oa WojNA @ Az Bud

#Ege 49 Fgudd G 3 Wl dee Aoz

rir
e

Bxed, AFd g 7171 A" F717F olFaEA 24 TG

74 wol d%e FA B Aoy Bwdd
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X 2-36. As F wE AFdold =4

T &
o 2 Case 1 Case 2
A g F A F B A&

£ 2-37. Ag xR g2 7 g9 9Ey
Sl Case 1 Case 2

gl e [ g2 | 22 | &=

T (C) (%) (C) (%)

i 30.2 715 31.2 71.3

Ag Z 3 31.6 72.9 31.0 70.0

i i 30.6 64.0 31.7 66.1

2 A 30.8 69.5 31.3 69.1

i 29.8 62.8 29.6 78.6

Bow Z 5 31.2 63.4 30.7 715

I A5 316 60.4 32.1 65.2

A A 30.8 62.2 30.8 71.8

i 30.5 64.0 30.0 76.7

com i 29.7 63.2 30.3 73.0

T A5 30.7 63.6 31.3 68.1

Z A 30.3 65.3 305 72.6

5 2 30.1 66.1 30.2 755

47 =5 30.8 63.2 30.7 715

h AR 30.9 62.7 31.7 66.5

e 30.6 65.7 30.9 71.2
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AA 238 120 mesh, 200 mesh

BAF ¢ 234 40, 120, 150 mesh
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220 W EZEerd 2o w0085 3 BEsd
A
Wy 3 7) 2z 3% 2k 3 (50%)
Egen B | BRFEE  AUSE | BESE | AdsE
(C) (3]/min) | (kg/min) (%) (kg/min) (%)
0.2 . Kok ok sk
05 . sk Kok —_
28 0.8 ok otk 20.6 99.1
1.0 oK koK 22.6 96.0
15 39.0 99.3 276 91.8
0.5 koK ok 15.3 92.2
30 0.8 28.6 96.7 17.2 34.1
1.0 29.9 915 185 815
15 33.0 84.6 21.6 77.8
05 245 9.0 13.0 78.2
32 0.8 25.2 82.5 13.8 71.3
1.0 25.7 78.0 14.3 69.1
1.5 27.0 71.9 156 66.0
0.2 stk ook 14.7 89.7
05 22.1 82.1 10.7 66.3
34 08 21.8 70.3 10.4 60.4
1.0 21.6 66.4 10.2 58.5
15 21.0 61.2 96 55.9
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W o 3 7 5 o2 % 2 % (50%)
b 3} | BRESF | AUss | ER5Y | AUEE
(C) (8l/min) | (kg/min) (%) (kg/min) (%)
0.2 o ok - sk
1.0 steon HoH K 22.7 98.8
15 xRk HK K 27.8 94.6
05 ok ok 15.4 94.6
0.8 28.6 99.0 17.3 36.6
1.0 29.9 939 18.6 33.9
15 33.1 87.0 21.8 80.4
05 244 98.0 13.1 80.4
0.8 25.2 34.6 139 73.5
1.0 25.8 80.1 14.4 71.2
15 27.2 74.1 15.8 68.2
0.2 HK ®xK 11.0 91.5
05 22.1 83.9 10.8 68.2
0.8 21.8 72.2 105 62.4
1.0 216 68.3 10.3 60.4
15 21.2 63.1 9.8 57.8
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3. W

¥ g 7 7 3 2+ 33 (650%)
Egex 3 | EFF¥ | AUSE | EFEEE | AUSE
(C) (3l/min) | (kg/min) (%) (kg/min) (%)
0.2 Kotk Kotk ok sk
05 sk ok . sk
28 0.8 sk - . —
1.0 Hok Howok 22.7 98.8
15 sk wook 27.8 94.6
0.2 s e cxn pxs
05 Aok ook 154 94.6
30 0.8 28.6 99.0 17.3 36.6
1.0 29.9 93.9 186 83.9
15 33.1 87.0 21.8 80.4
05 24.4 93.0 13.1 80.4
32 0.8 25.2 84.6 13.9 735
1.0 25.8 80.1 144 71.2
1.5 272 74.1 15.8 68.2
0.2 ook oK 11.0 915
05 22.1 83.9 10.8 68.2
34 0.8 21.8 72.2 10.5 62.4
1.0 21.6 68.3 10.3 60.4
15 21.2 63.1 9.8 57.8
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Ly # 7] 5 ox # 2+ % (50%)
2ge 8 & [2753 [FusE | 2557 | s
(C) (8)/min) | (kg/min) (%) (kg/min) (%)
0.2 —_— S_—- —_— sk
05 - T S ok
08 . . - -
1.0 ook ok 22.7 98.8
15 sohk ok 27.8 94.6
0.2 . sk - -
05 s ok 154 94.6
0.8 286 99.0 17.3 86.6
1.0 299 | 939 186 83.9
15 331 87.0 21.8 80.4
0.2 x - ok .
05 24.4 98.0 13.1 80.4
0.8 25.2 846 139 735
1.0 25.8 80.1 14.4 71.2
15 272 74.1 158 68.2
0.2 sk 11.0 91.5
05 22.1 83.9 108 68.2
0.8 21.8 72.2 105 62.4
1.0 216 68.3 10.3 60.4
15 21.2 63.1 9.8 57.8
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bl

Wy 2 7] oz @ A % (50%)
EF2s 3 | BESFE | BUEE | EFFF | BHEE

(c) (2)/min) | (kg/min) (%) (kg/min) (%)
02 - s ek s
05 - sk sk otk
28 0.8 s ok sk ok
10 otk Hokok 22.7 98.8
15 oAk *okk 278 94.6
0.5 skt sofok 154 94.6
30 0.8 286 99.0 17.3 86.6
1.0 29.9 93.9 18.6 83.9
15 33.1 87.0 21.8 80.4
0.5 244 98.0 13.1 80.4
32 0.8 25.2 84.6 139 73.5
1.0 25.8 80.1 144 71.2
15 27.2 74.1 158 68.2
0.2 HAE *kk 11.0 915
05 221 83.9 10.8 63.2
34 0.8 218 72.2 10.5 62.4
10 216 68.3 10.3 60.4
15 21.2 63.1 9.8 57.8
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24

3 2 | 27 T A 7 A % (50%)
ERLE 3] BRTE | AU | #55%F | dds=
() (8]/min) | (kg/min) (%) (kg/min) (%)
0.2 o . ik e
05 sk sk . k%
1.0 ot ok 22.7 98.8
1.5 ok ok koK 278 94.6
05 ook sk 154 94.6
30 0.8 28.6 99.0 17.3 86.6
1.0 29.9 93.9 18.6 33.9
15 33.1 87.0 21.8 304
0.2 s s e s
0.5 24.4 98.0 131 80.4
32 0.8 25.2 34.6 13.9 735
1.0 25.8 80.1 14.4 71.2
15 27.2 74.1 15.8 68.2
0.2 stokoR ok 11.0 91.5
0.5 221 33.9 10.8 68.2
34 0.8 21.8 72.2 105 62.4
1.0 216 68.3 10.3 60.4
15 21.2 63.1 9.8 57.8

- 264




7. 4%k

yuk 7] 5 # 2 3 (50%)
EZex B} | 2ESF | AdEE | BRrY | Ades
() (3]/min) | (kg/min) (%) (kg/min) (%)
0.2 o . sk i
05 - - - .
8 08 - - . .
1.0 - - - -
15 ok - 25.8 977
05 ootk ok 15.0 97.9
30 0.8 kK koK 16.4 89.6
1.0 29.4 97.3 174 36.8
15 31.8 90.1 19.8 383.1
02 ok axs s e
05 koK HokK 12.7 83.3
32 08 25.0 87.9 13.0 76.1
1.0 25.3 83.2 13.3 73.8
15 25.8 76.9 13.8 70.7
0.2 ook Hok ok 112 95.0
05 22.4 874 104 70.8
34 0.8 21.6 75.1 9.6 64.7
1.0 21.1 71.0 9.1 62.7
15 19.8 65.6 7.8 60.0
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Rk g 7 7 3 2+ 3% (50%)
2EeE 35 [ 295y [FueE | BR4 | dUsE
() (3]/min) | (kg/min) (%) (kg/min) (%)
0.2 sk . o sk
05 o, Ko o Kok
28 0.8 ok Aok - sokok
1.0 woxox Hokk 20.5 98.7
15 sk Kk 24.8 94.7
05 139 93.8
30 0.8 26.1 98.1 15.4 86.3
1.0 27.1 93.3 16.4 83.8
15 29.6 86.8 183 80.5
05 22.3 96.4 116 79.7
32 0.8 22.7 83.8 12.0 73.3
1.0 23.0 795 122 712
15 236 739 129 68.3
02 ok 10.0 89.3
05 20.0 825 9.3 67.6
34 0.8 193 715 85 62.2
1.0 183 67.8 8.1 60.3
15 176 62.9 6.9 57.9

- 266




A
e

ks & 7 A 3 % (50%)
B2 3 EFTE | Adss T Fds=
(T) (8]/min) | (kg/min) (%) (kg/min) (%)
02 sk ok ok o
05 sk sk sk o,
28 0.8 ok s ok sk
1.0 _— _— 199 976
15 - - 24.2 93.8
0.2 — s Kook -
0.5 oHok ook 134 925
30 0.8 25.1 96.5 148 85.3
1.0 26.0 91.8 158 82.8
15 284 85.6 182 79.6
0.2 n_—. sk - o,
0.5 21.3 94.4 11.1 78.5
32 0.8 21.7 82.3 11.4 72.3
1.0 21.9 78.2 116 70.3
15 22.4 72.8 12.2 67.5
0.2 ook Horok 9.6 87.5
0.5 19.0 90.7 8.8 66.6
34 0.8 182 70.2 8.0 61.3
1.0 17.7 66.7 75 59.6
15 164 62.0 6.2 57.3
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10. 1A
% T 7 Y 2 % A (50%)
BEgex 3 | ERFE | AUSE | BFFE | HUsE
(C) (3]/min) | (kg/min) (%) (kg/min) (%)
0.2 sokk Hokk g ko
28 0.8 kK KR 16.7 96.5
1.0 sk ok 18.1 93.7
1.5 319 96.9 215 90.0
05 k% sk 12.4 88.9
30 0.8 23.7 93.2 13.3 81.8
1.0 24.3 38.6 139 79.4
15 259 324 15.5 76.3
0.2 stk ok ok 10.2 99.4
0.5 20.4 915 10.0 70.3
32 0.8 20.3 794 9.9 69.3
1.0 20.2 5.4 9.8 67.3
15 19.9 70.0 9.5 64.6
0.2 ok ook 9.0 34.2
05 18.1 78.1 77 63.7
34 0.8 16.9 67.6 6.5 58.6
1.0 16.0 64.1 56 56.9
1.5 134 59.4 35 54.6
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11, A5
Y 2 7] 7oA % A % (50%)
=gen B} | BEsYg | AUSE | BE5Y | AUsE
() (3l/min) | (kg/min) (%) (kg/min) (%)
0.2 sk oxk ok sk
05 ok *oxk *okok *kk
28 0.8 Kok ok * ok k Kok kK
1.0 kR ook 22.7 98.8
15 koK Aok 278 94.6
0.2 s op sk e
05 Hokx ok 154 94.6
30 0.8 28.6 99.0 17.3 36.6
1.0 29.9 93.9 186 839
15 33.1 37.0 21.8 80.4
05 24.4 98.0 13.1 80.4
32 0.8 25.2 84.6 13.9 735
1.0 25.8 80.1 14.4 71.2
15 27.2 74.1 15.8 68.2
0.2 ok ok 11.0 91.54
0.5 22.1 83.9 10.8 68.2
34 0.8 21.8 72.2 105 62.4
1.0 216 68.3 10.3 60.4
15 21.2 63.1 98 57.8
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¥ % g 7 7oA % 2 (50%)
g2 | 9% [E95% | 9UeE | 8943 | AUes

() (8]/min) | (kg/min) (%) (kg/min) (%)
0.2 ik w . e
05 o . - -,
28 08 o sork - .
10 - . 2.7 988
15 S, - 278 946
05 otk ook 154 94.6
30 0.8 28.6 99.0 17.3 86.6
1.0 29.9 939 186 83.9
15 33.1 87.0 21.8 80.4
05 244 98.0 13.1 80.4
32 0.8 25.2 84.6 139 73.5
1.0 25.8 80.1 14.4 71.2
15 27.2 74.1 15.8 68.2
0.2 w3k HKK 11.0 915
05 22.1 83.9 10.8 68.2
34 0.8 21.8 72.2 105 62.4
1.0 216 68.3 10.3 60.4
15 21.2 63.1 9.8 57.8
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¥ o g 7] 7oz % a2+ F (50%)
ZgeE 3 & | RESE [AUes | 275 | 4UeE
() (2l/min) | (kg/min) (%) (kg/min) (%)
0.2 - sk - o
05 Hok . ok .
28 08 o Kook - —
1.0 Kk Kok 227 98.8
1.5 sk Kok 27.8 946
0.2 - . -
05 ok 154 94.6
30 0.8 286 99.0 17.3 86.6
1.0 29.9 93.9 186 839
15 33.1 87.0 21.8 80.4
05 24.4 98.0 13.1 80.4
32 0.8 25.2 84.6 13.9 735
1.0 25.8 80.1 14.4 71.2
15 272 74.1 15.8 68.2
0.2 11.0 915
05 22.1 83.9 10.8 68.2
34 08 21.8 72.2 105 62.4
1.0 216 68.3 10.3 60.4
15 212 63.1 9.8 57.8
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H
S
o
N

ey & 7 5 A # 2+ 3 (50%)
ggex | 34 [EF9 | A0e= | £95w | A0S
(T) (3]/min) | (kg/min) (%) (kg/min) (%)

02 o e e o
05 ek . - -
28 08 - - sk s
1.0 ok k sk ok sk
15 AHokok ok 284 96.6
05 Kk Ak 154 96.1
30 0.8 Hokon Haok 175 88.3
1.0 299 95.3 189 35.6
15 334 88.6 224 82.2
05 24.1 98.9 13.1 81.7
32 0.8 25.1 85.8 14.1 75.0
1.0 25.8 814 14.8 72.8
15 274 75.5 164 69.8
0.2 Hkk ook 10.9 92.2
05 21.8 34.7 10.8 69.4
34 0.8 21.7 73.2 10.7 63.7
1.0 216 69.4 10.6 61.8
15 215 64.3 104 59.3
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15.

Sl
) g 7 5 2 # 2+ & (50%)
2EeE | 8 4 | 2% | 4uUsE | BESY | UEs
(C) (8)/min) | (kg/min) | (%) | (kg/min) | (%)
0.2 ok wox | w .
05 ok . . ok
28 0.8 stk sk ok 20.1 ok
1.0 - sk 219 98.1
15 s s %5 939
0.2 ot ok k o, .
05 s 15.0 94.1
30 08 28.3 987 167 86.0
1.0 294 935 178 83.3
15 21| 85 206 79.7
0.2 - - - -
05 24.3 98.0 12.7 79.9
32 0.8 24.8 843 | 133 73.0
10 25.2 79.8 136 70.7
15 26.1 73.7 146 67.7
0.2 wE® kR 11.0 914
05 22.0 83.8 10.4 67.
34 0.8 214 72.0 9.9 61.9
10 21.1 68.0 95 60.0
15 20.1 62.7 86 57.4
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Wy g 7 A 2k 33 (509)
EELE 3 | 2R | AUeE | 2R5E | AUsE
(C) (3)/min) | (kg/min) (%) (kg/min) (%)
0.2 sk - sk Kok
05 sk . sokk Hokk
28 08 - - Kk ok
1.0 sk . sk ok
15 ok Hokk 284 96.6
0.2 s sk . ok
0.5 Heokok otk 154 96.1
30 0.8 ok ook 175 88.3
1.0 299 95.3 189 85.6
15 334 83.6 224 82.2
0.2 s ok ok ok
0.5 24.1 98.9 131 81.7
32 0.8 251 85.8 141 75.0
1.0 258 81.4 14.8 72.8
15 274 75.5 16.4 69.8
0.2 ek okk 109 92.2
05 21.8 84.7 10.8 69.4
34 0.8 217 73.2 10.7 63.7
1.0 216 69.4 106 61.8
15 21.5 64.3 104 59.3
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