41

200

Step size of integration

Step size of integration ,H

4.1-45

H=2*105

monodisperse

H H=2*1051*10'5 51 *

uniform spray

4.6



41

Z(m)
0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000
0.9000
10000
1.1000
1.2000

4.2

1

Drop diameter (micron)
H=0.00002 H=0.00001 H=0.000005

200.0000
195.7900
187.8400
171.3100
153.2900
137.3100
122.7200
108.7800
94.1320
18.3790
60.7810
37.9950
0.0000

200.0000
195.7900
187.8400
171.3100
153.2900
137.3100
122.7200
108.7800
94.1360
18.3840
60.7680
38.0070
0.0000

Drop temperature (K)

H=0.00002 H=0.00001 H=0.000005

333.1600
3232300
322.8400
323.3300
323.6200
323.7500
3238100
323.8400
323.8600
323.8700
323.8700
323.8700
321.9400

333.1600
323.2300
322.8400
323.3300
323.6200
323.7500
323.8100
323.8400
323.8500
323.8700
323.8700
323.8700
323.8600

200.0000
195.7900
187.8400
171.3300
153.3100
137.3900
122.7500
108.8100
94.1420
18.3940
60.8030
38.0340
0.0000

333.1600
323.2300
322.8400
323.3300
323.6200
323.7500
323.6100
323.8400
323.8600
323.8700
323.8700
323.8700
323.8600

45



43

44

Z(m)
0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
08 0
0.90

100
1.10

1.2000

Z(m)
0. 00
0.10
0.2000
0.3000
04 0
0.5000
06 0
0.7 0
0.8000
0.90
1. 00
1.1000
1.2000

40.80
17.3170
4.5126
1.6509
1.4974
1.4214
1.3533
1.2804
1.0263
0.9564
0.8948
0.8373
0.80

533.1600
524.3 0
504.09
468.4000
438.14
41751
402.73
391.79
383.0900
376.40
371.57
368.4 0

Drop velocity (m/s)
H=0.00002 11=0.0 01 11=0.000 5
40.80 40.80
173170 17,3170
45121 45127
16509 1.6509
14973 14973
14213 14213
1.3532 1.3533
1.2893 1.2893
10262 10263
0.9563 0.9563
0.8947 0.8948
083712 0.8372
0.80 0.80

|
Air temperature (K)
11=0.00 2 H=0.00001 11=0.00 05
533.16  533.1600
52430 524.3000
50409  504.09
468.4 0  468.3900
438.14  438.1400
4175100 4175100
402.7300  402.7300
391.80 3917900
383.10  383.1000
316.41  376.41
371.5800 3715800
36841 36841
367.39  367.3900

367.38

46



45

Z(m)
0.0000
0.1000
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000
0.9000
10000
1.1000
1.2000

Humidity (kg vapor/kg dry air)

H=0.00002
0.0000000
0.0042277
0.0117400
0.0254420
0.0376450
0.0462890
0.0526560
0.0574580
0.0613360
0.0643540
0.0665530
0.0680050
0.0684730

H=0.00001
0.0000000
0.0042277
0.0117400
0.0254420
0.0376440
0.0462890
0.0526550
0.0574570
0.0613340
0.0643520
0.0665520
0.0660040
0.0684720

H=0.000005
0.0000000
0.0042217
0.0117400
0.0254430
0.0376410
0.0462920
0.0526590
0.0574620
0.0613390
0.0643580
0.0665560
0.0680090
0.0684790

4



48

46
1 monodisperse  uniform spray 50,100 200

p=5 =@ Dp=200

10 10 10 m
4 4 4 m

561103685 70137960 8767245  drop/m2
50 100 200 micron
50 100 200 micron
3316 33316 3B K

40.8 40.8 40.8 Vs

3316 53316 5B K
0.0 0.0 0.0 kg vapor/kg dry air
05298 05298 05298  kgdryair/im2

1 1 1 annulus
1 1 1 class
0.0 0.0 0.0 m
0.00 0.00 0.00
Step size 2105  2*105  2¢Lo%  m
1000 2500 5000
1 100.00 100.00 10000 %
1 100.00  100.00 100. %
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421

4211

4212
4213

(monodisperse)

50
100
200

46

49



200 4
A
& ¢ D=50
e D=100
A D=200
A
150 +
A
=
o 5
&)
2
A
0
= 100 *
L
s A
<
o
o A
o
nd
o
| |
A
50 "'. @
A
&
[is}
®
0 ——] % % i A
0 0.2 0.4 0.6 0.8 1 1.2
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monodisperse  uniform spray
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DROP TEMPERATURE [K]

335

; ¢ D=50
" ' m D=100
a D=200
330
325 +
.m.lll“‘AAAAAA
! A
om A
320 | % % % %
0 0.2 0.4 0.6 0.8 1 1.2
HEIGHT OF CHAMBER [M]
42

monodisperse  uniform Spray
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* D=50
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A
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monodisperse

uniform spray



540
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460

420

380

340
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* D=50
m D=100
A b=200
A
A

A
A

0.8 1
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monodisperse
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uniform spray
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HUMIDITY [KG VAPOR/KG DRY AIR]

0.07

0.06

0.05

0.04

0.03

0.02

0.01

2 45
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monodisperse  uniformspray
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«/«RELATIVE HUMIDITY

2 46
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A = D=100
A D=200
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monodisperse  uniform spray
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41

42

43

44

45

4.6
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422

4221
4222

(polydisperse)

log-normal s =0.2
log-normal,a = 0.4

47

o7



4.7

Step size

log-normal,a = 0.2,0.4

i SO FCTN NCRRTN

a =02

10

8767245
600

0.0
333.16
40.8

533.16
0.0
0.5298

1

20

0.0
0.01
2*105
5000
100.00
0.53281*102
0.0001
1.2597
19.934

uniform spray

(1=04

10
4

8767245
600

0.0
333.16
408

533.16
0.0
0.5298

1

20

0.0
0.01
2*105
5000
100.00
0.03152
4.5650
2049
26.806

58

200

drop/m2
micron
micron
K

m/s

K
kg vapor/kg dry air
kg dry air/m2

annulus
class
m

%
%
%
%
%



16

17

19

20

41.207
26.620
8.6956
1.9000
0.32705
0.04892
0.00676
0.00090
0.00012
15242*10™
20120*10'
21063*10"
S1274*10'7
*52135*10°8
16789*10'9
11521*109

20.858
12815
10290
3.6501
1.8504
0.93123
0.46967
0.23871
0.12264
0.063810
0.033650
0.017993
0.009755
0.005362
0.002987
0.001686

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

59
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4.7

—— 7=0
—=— 7=0.1
—— 7=0.2

100

DROP DIAMETER [MICRON]

log-normal,CT=0.2

200

uniform spray

300




DROP DIAMETER [MICRON]

800

700

600

500

400

300

200

100

4.8

61

X X X
X X X
X X X xv x

CLASS 1
CLASS 5
CLASS 10
CLASS 15
CLASS 20

X X > 1 ¢

0 0.5 1 15 2 25 3
HEIGHT OF CHAMBER [M]

log-normal,a=0.2 uniform spray



DROP TEMPERATURE [K]

334

332

330

328

326

324

322

320

49

|
X
« e CLASS 1
m CLASSS5
- a CLASS 10
+ x CLASS 15
" x CLASS 20
A X
X
X X
X
X b 4
A X %
| X X
guid & B H ¥ ¥ 3 &8 ¥ ¥ N WK
AQN
4]
| N |
®
| | | | | |
| | | | | |
HEIGHT OF CHAMBER [M]

log-normal,a=0.2  uniform spray
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40

30
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101

X
X
X
X
XX
b 4
A
X
b 4
% X
b 4
A
= X
b 4
X
» X
A X
A
| A, A

| X X

H > X X

¢ CLASS 1
m CLASS 5
A CLASS 10
X CLASS 15
X CLASS 20

m > XX
| Pp XX
B> XX

..!!p-- L.
l 1

HEIGHT OF CHAMBER In

log-normaL, (1=0.2

—|3 X ¥

8 P X X

2

uniform spray




700

600

500

400

300

DROP DIAMETER [MICRON]

200

100

411

1

¢ CLASS 1
m CLASS 5
CLASS 10
CLASS 15

X X >

CLASS 20

HIGTGCAER\

log-normal,a=0.4 uniform spray

10
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4.7

4.8

4.9

4.10

411

C=0.2

4.8



4.2.23

4.12

4.13

4.14

4.15

4.16

66



DROP DIAMETER [MICRON]

200 F
i
X
¥R
¢
oX
150 X
% ¢ DP(zigma=0)
3 X m DPVOL(zigma=0.2)
x X A DPNUM(zigma=0.2)
& x DPVOL(zigma=0.4)
" x x DPNUM(zigma=0.4)
m -
X
100 + &
o N
" X
X - =
o B X
X - X
X
5] % M
x‘o B X i
% - X x
50 _‘_ XA .! X %
X . X x
oA
X
A\
‘f‘ X
A X x X x
0 { S | ol TEX XX RY ¥
0 2 4 6 8 10
HEIGHT OF CHAMBER [M]
412

log-normal uniform spray



334

332

330

328

326

324

322

320

2 413

t TP(zigma=0)
I TPAVE(zigma=0.2)
a, TPAVE(zigma=0.4)

AFulll-IlIAAAAAAAAAAAAAA
>

HEIGHT OF CHAMBER [M]

log-normal

uniform spray

10

68



550
B
®
500 —!
¢ TA(zigma=0)
m TA(zigma=0.2)
A A TA(zigma=0.4)
X
W ®
o A
)
|_
<
T 450 + A
o
o oh
|_
v A
< A
e A
..
400 |
e i
° A -
p [ ‘a ol 8
% [T A4 A s aaaa]
350 i ' i !
0 2 4 6 I\jl 8
nj4.14 . .l,

log-normal ~ uniform spray

10

69



0.06

0.05

0.04

0.03

HUMIDITY [KG VAPOR/KG DRY AIR]

0.02

0.01

2 415

t HA(zigma=0)
s HA(zigma=0.2)
A HA(zigma=0.4)

HIGTGCARR\

log-normal

uniform spray



%RELATIVE HUMIDITY

2 416

12 -

10

¢ %RH(zigma=0)
® %RH(zigma=0.2)

Ao %RH(zigma=0.4)

00 X

log-normal ~ uniform spray

[



43

431 (uniform spray)

4.2

4.3.2 (non-uniform spray)

4321

monodisperse

4.8

72



4.8

spray

Step size

monodisperse

200

Ol B W DO -

monodisperse

10
4

8767245
200

200
333.16
408

533.16
0.0
0.5298

0.0

01
2*10s
5000
6.6667
13333
20,000
26.667
33.333

log-normal,CT = 0.2,0.4

d=02

10
4

8767254
800

0.0
333.16
408

533.16
0.0
0.5298

20

0.0

0.1
2%105
5000
6.6667
13333
20.000
26.667
33.333

=04

10
4

8767245
800

0.0
333.16
408

533.16
0.0
0.5298

20

0.0

01
2*105
5000
6.6667
13333
20.000
26.667
33.333

73

non-uniform

drop/m2
micron
micron
K

m/s

K
kg vapor/kg dry air
kg dry airfm2

annulus
class
m

%
%
%
%
%



100.00

23281*1020.03152
00010 45650
12507 20494
19934 26,806
41207 20.858
26620 12815
86956  7.0290
19000 36501
032705  1.8504
0.04892 093123
000676 046967
0.00090 023871
0.00012  0.12264
15242*104 0.063810
20120%105 0.033650
21063*10" 0.017993
37274*10'7 0.009755
52735*108 0.005362
.16789*109 0.002987
11521*10" 0.001686

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%



¢ ANNULUS 1

X M ANNULUS 2
X A ANNULUS 3
150 L X X ANNULUS 4
X X X ANNULUS 5
ALK
z
0.
Pi X
|ioo
P
0.
BI
50
4— B— B— a— a- «
0 0.5 1 15
HEIGHT OF CHAMBER [M]
4.17

monodisperse non-uniform spray
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| |

| |

-t o

o o
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320 H

2 418

non-uniform spray

monodisperse
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40

30

10

2 419

t ANNULUS 1
I ANNULUS 2
A ANNULUS 3
X ANNULUS 4
X ANNULUS 5

HEIGHT OF CHAMBER [M]

monodisperse  non-uniform spray

"
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AIR TEMPERATURE [K]

350

300

420

e

L 4

X > N
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x
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X a
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]
X A | | |
X A
b4
A
A
X
y ANNULUS 1 X
» ANNULUS 2
A ANNULUS 3
X ANNULUS 4
X ANNULUS 5
0.5 1

HEIGHT OF CHAMBER

monodisperse

[M]
I .

non-uniform spray

1.5




HUMIDITY [KG VAPOR/KG DRY AIR]

2 421

0.1

0.08

0.06

0.04

0.02

I

t ANNULUS 1
I ANNULUS 2
I ANNULUS 3
X ANNULUS 4
X ANNULUS 5

A-A A A A

HEIGHT OF CHAMBER [M]

monodisperse

non-uniform spray

iL
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100

%RELATIVE HUMIDITY

2 422

80

(=)
<

o
]

20

X
o ANNULUS 1 .
= ANNULUS 2
s ANNULUS 3 A
x ANNULUS 4 G
x ANNULUS 5
X
X
X
X
X
X
X
X X
X
X
X
X X
X
. A‘AAAAA
¥ X o &
§A=.n:-l----
A g
;:.000 . oo¥
- : :

HEIGHT OF CHAMBER [M]
00 I
monodisperse  non-uniform spray
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417

418

419

4.20

421

422

U

61



43.2.2
polydisperse,C = 0.2
4323
polydisperse,C7 = 0.4

438
4.23-4.26

log-normal,G = 0.2
monodisperse 4.17

04

82
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150

100
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0,5

X X
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L 4 n
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t
|

ANNULUS 1
ANNULUS 2

A ANNULUS 3
X ANNULUS 4
X ANNULUS 5

X

XX XX XX XXX

* %40

HEIGHT OF CHAMBER [M]

1

log-normal,a=0.2

non-uniform spray
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X ANNULUS 5

| X X FEEXXXXXXXXX>C

A A
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AAA A

HEIGHT OF CHAMBER [M]

1 log-normal,a=0.2

non-uniform spray
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non-uniform spray
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DROP DIAMETER [MICRON]
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L
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50

4.26
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log-normal <7=04  non-uniform spray
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4324

427-431

412-4.16
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334

332
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1 2

f TPAVE(dagma=0)
I TPAVE(zigma=0.2)
A TPAVE(zigma=0 4)

3
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log-normal

non-uniform spray



560 -
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0.07

0.06

0.05

0.04

0.03

HUMIDITY [KG VAPOR/KG DRY AIR]

0.02

0.01

2 430

{
1

A

HAAVE(zigma=0)
HAAVE(dgma=0.2)
HAAVE(zigma=0 4)

HEIGHT OF CHAMBER [M]

log-normal

non-uniform spray
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%RELATIVE HUMIDITY

10

2 431

¢ %RH(zigma=0)
m %RH(zigma=0.2)
Ao %RH(zigma=0.4)

1 2 3 4
HEIGHT OF CHAMBER [M]

00 l
log-normal ~ non-uniform spray
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4325

432

433

4.34

4.35

4.36
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AIR TEMPERATURE [K]
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44

431

4.38

4.39

440

441

(Humidifier)

49
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49

200

Step size

Humidifier Dehumidifier Cooling tower

10
4

2458868
200

2
343.16
408

293.16
0. 145
0.96122

0.0
01
2*105
5000
100.

10
4

9743573
200

2
293.16
40.8

323.16
0.07703
0.77768

1
1
0.0
01
2*105
5 0
1.
1.

monodisperse

10
4

100

/
uniform spray

38961483 drop/m2

2

2
323.16
40.8

303.16
0. 528
0.92383

micron
micron
K

m/s

K
kg vapor/kg dry air
kg dry air/m2

annulus
class
m

m

%
%
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431

4.38

439

2 440

441

(Dehumidifier)

49
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4.6

(Cooling tower)
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DROPDIAMETER [MICRON]
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HUMIDITY [KG VAPOR/KG DRY AIR]
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