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1.1

(sensible heat) (latent heat)

104 105[ /(M2 K)]

saturated boiling (subcooling)

subcooled boiling

Fig. 1.1.1

I= sat 1 sat

L
g O ;t
o

Fig. 1.1.1 Saturated boiling and Subcooled boiling




Fig. 1.1.2

Fig. 1.1.2 Change of boiling phase

Fig. 1.1.3

Fig. 1.1.3

Subcooled film boiling



Fig.1.1.4 Microbubble emission boiling MEB

Fig. 1.1.4 Microbubble emission boiling

Fig. 1.1.5



CPU

Fig. 1.1.5 Principle of operation of a heat pipe




1.2

Critical Heat Flux

Ilvey Morris [1
1 22 2.67mm

1/4 pleATsub

qc'—SJ*’=1+0.1(,og/p|) 1

Ue, sar Py hlg
Qc,sub  (c,sat: CHF [W/m2] PLP g [kg/m3]
A sub: [K] h|g [kJ/kg]

qc,sub qc,sat
Fig.
Elkassabaqi, Lienhard (2
Ivey Morris
A suw 40 Qc,sub  (c,sat
A suww 40 60 Oc,sub  (c,sat

Fig. 1.2.1
Lienhard
Fig. 1.2.2 Equation
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= |gopropaEndl
= Bdathanol }
A R-113 Eassabg
1% * Acetona -ﬁlﬁﬁ?ham Tl
O FC-T2, gas-saturabed
Wou et al, (1895)
0 1 L |
0 10 20 30 40 50
(fﬂ.) 14 [2f ':-EATEH.H
i
k& Pg hig
Fig. 1.2.1 Effects of subcooling on CHF on a horizontal cylinder

(Ivey,Morris 1966)[!

[ T I|.1r1 .I-....I T T .|-|."-|- =
N — range of validity x
‘E; 20 [ of the prediction .
=4 H :
¥ [ 3
L 45— range of about 800 —
E ) i g{ data reported by Sun ]
= = i and Lienhard (1970) .
§ 1o~ $al/ \\Q\‘\\.ﬁm -
ol R
8 £ e .
§ 05— * Equation of K.H.Sun™]
E B and J.H.Lienhard o
E u [ i i]ilil.l i -1 Illlll i k1 Illlll ]

oM 005 01 05 1 5§ 10 20
Dimensionless Radius, A'
Fig. 1.2.2  Effects of diameter of a cylindrical heater on CHF

(Elkassabgi, Lienhard 1988)[2

10



11

0.1mm 1.0mm 0.02 0.2

Microbubble emission

boiling( MEB) 10
[3]
Fig. 1.2.3
Ligpuiclayapor Cove ‘E[r-,i|;| yeIpar
interinge

Hecled plats ™ Cavity &
; depasil
!L'-E-‘.HII.'J (kR ) TN

Fig. 1.2.3  Model of the collapse of a bubble
(Inada, et al. 1981)&!
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17mmx 17mm



[5] [6]

[71 [8]

A

Ivey Morris
sub 40[K]

Fig. 1.2.4
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| O d=0.2mm, Shoji & Yoshiwara (1991) .
LA d=0.1mm, Shoji & Yoshiwara (1981) A

o :
::g | @ Nukiyama / 5 1
i 0

ﬂ-Tsuh ¥ H

Fig. 1.2.4 Effects of subcooling on CHF on a wire
(Shoji,Yoshihara 1991)]

Celata [

40p



1.3

MEB
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2.1

MEB

MEB
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2.2

210mm

MEB
3000fps
Fig. 2.2.1

SUS304

Fig. 2.2.3

1/3000

10mm
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1: Water tank 8: Scanner

2: Vapor condenser 9: Digital mltimeter

3: Heater 10: Computer

4: Thermo couple 11: DC power controller
5: High speed video camera 12: Resistor

6: Video recorder 13: Light

7: DC power 14: Pt wire

Fig. 2.2.1 Experimental apparatus
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+ 0.05%

(Fig. 2.2.6)
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ﬂi R100 100
100 Fig. 2.2.4

lcm Fig. 2.2.2

15: Microphone 16: Amplifier 17: Data logger

Fig. 2.2.2 Sound measurement apparatus



15:

16 :

17 :

[Sony ] (Fig.2.2.8)

15kHz

1 10000

MO

22

Fig. 2.2.3

Experimental apparatus



Fig.2.2.4 Close up of the apparatus (> :Ptwire)

& |

Fig. 2.2.5 Hi- speed video camera with zoom- lens
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Fig. 2.2.6

Fig. 2.2.7

Light for video recording

Close- up video shooting
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Fig. 2.2.8

Microphone
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2.3

10

Fast Fourier Transform

2000

26

(Fig. 2.3.1)
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Fig. 2.3.1

Fast Fourier Transformit0l
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3.1

Fig. 3.1.1

MHF:
RS o

BRE AT, (T,— 4Ty)

Fig. 3.1.1 Boiling curve

sat Qw



A sat

Fig. 3.1.2 A s 0 [K]

10 :""I T T L | T T T

q W/m®
=
O@
54_

107F E

41 . | . |
10 102 10
A sat K

Fig. 3.1.2 Boiling curve : saturated boiling
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1760[ ]
1000[ ]
g = 1.0x 108 [W/mZ2]
gcsat =1.0x 108 [W/m?2]

Fig.3.1.3 A sw 20[K]

10" 3
E —
2
_ A
10° ./,x"
S
v
10%F . E
F° e ATsub=0
e A Tsub=20
10° 10* 10° 10°
A sat K

Fig. 3.1.3 Boilingcurve: A s 20 [K]



g =1.0x 108 [W/mZ]
g = 4.2x 108 [W/m?]

Fig.3.1.4 A suw 20 30 40[K]

10°F E

q W/m®

10°F qc(aTsub=0)  fI ././_,4"

10°F . e ATsub=0 -

F e A Tsub=20 1

A Tsub =30 |

e A Tsub =40 1

10° 10t 10? 10°
A sat K

Fig. 3.1.4 Boilingcurve: A s
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(7] A s 30 40[K] g =1.0x 107 [W/m?]
g =5.0x 106 6.8x 106 [W/m?2]
g = 6.8x 106 [W/m?2]

Fig. 3.1.4

Ilvey Morris

g =3.0x 106 [W/m2]

1

Fig. 3.1.4 g=15 2.0x 106 [W/m?]
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3.2
3000fps
1 0.33[ms]
A suw 20 [K] + 0.5[K]
g 1.0x 108 [W/m?]
q =
2.0 3.0x 105 [W/m?2] Fig.3.2.1 q=3.0x 105 [W/m?]

300p m

i

Fig.3.21 gq=3.0x 105[W/m?]: A sw 20 [K]
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Fig.3.2.2 q=4.5% 105 [W/m?] 0[ms]

0 [ms] 0.3 [ms]

1.0 [ms] 1.3 [ms]

Fig. 3.2.2 q=45x%x 105[W/m2]: A s 20[K]

g = 3.0x 105 [W/m2]

Fig. 3.2.3
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.,:..
=

Fig. 3.2.3 Thermal Plume : qg=1.0x 106 [W/m?]

Fig. 3.2.3
Fig. 3.2.1 3.2.2

Fig.
321 322
31 A s 20[K] g =5.0x 105 [W/m2]
Fig. 3.2.1 3.2.2 g = 1.0x 106 [W/m?]

q 1.0x 106 [W/mZ?]
g=1.0x 108 [W/mZ2] Fig. 3.2.4
3.25 3.26 g=1.0x 106 2.0x 106 3.0x 106 [W/mZ2]
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0 [ms] 0.3 [ms] 0.7 [ms]

1.0 [ms] 1.3 [ms] 1.7 [ms]
Fig.3.24 g=1.0x 106 [W/m2]: A sw 20[K]

1.3 [ms] 1.7 [ms]

g=2.0x 106 [W/m2]: A sw 20[K]
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(x 70)

1.0 [ms] 1.3 [ms] 1.7 [ms]

Fig. 3.26 g=3.0x 106 [W/m2]: A sw 20[K]

g = 3.0x 106 [W/m?]
0.7[ms]




g=2.0x 108 [W/mZ2] A
30 40 50[K]
Fig. 3.2.7 3.28 329 3210 A ssbp 20 30 40 50[K]

1.3 [ms] 1.7 [ms]

A suw 20[K] : g=2.0x 108 [W/m?]

1.0 [ms] 1.3 [ms] 1.7 [ms]

Fig.3.28 A sw 30[K] : g=2.0x 108 [W/m?]

20
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1.0 [ms] 1.3 [ms] 1.7 [ms]

Fig.3.29 A sw 40[K] : g=2.0x 108 [W/m?]

g
- 1 oy s E AN o T ey

PR LG Eat e T B e S =
i r‘;'|:. 2 -.-|.";:.I 1]

0.3 [ms] 0.7 [ms]

([T T T B SR T (T e e M L P E e i [T [ 41 L=
i o oo e

1.0 [ms] 1.3 [ms] 1.7 [ms]

Fig.3.210 A b 50[K] : g=20x 106 [W/m?]
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A sup ZO[K]

A suw 50 [K]

[ ]
e 3000fps g = 2.0x 108
[W/m?2]

g=1.0 2.0x 108 [W/m2]

3000fps



3.3

Celata
[9]

Fig. 3.3.1

Imm

Fig. 3.3.1

Image of MEB (x 30)

404 m

300 m
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Fig. 3.3.2

Fig. 3.3.1
500 800u

Fig. 3.3.2

Fig. 3.3.3

Extraction of the area

300 m
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. <

Fig. 3.3.3  Extraction of bubbles (x 70)

30 6 7 Fig. 3.3.3

100[ms]

matlab

g=2.0x 108 .0
x 108 [W/m?2]
30 2[u m]

2[p m]
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2.0x 108 [W/mZ?]

q:

2.0x 108 [W/mZ2]

q:

Fig. 3.3.4

—e— average size

[w ] Jsyawrelq sjqgng

30 40 50 60
sub [K]

20

A

Fig. 3.3.4 Bubble radius distribution

2.0x 108 [W/mZ2])

(a=

sub = 20.5-53.4 [K]

A



400 m

q =3.0x 106 [W/m?]

Fig. 3.3.5

g = 3.0x 108 [W/mZ]

Bubble Diameter [y m]

80 ! ! ! 1

—e— average size
70

60

40

30

20

10+

20 30 40 50
A sub [K]

Fig. 3.3.5 Bubble radius distribution
(g =3.0x 108 [W/mZ2])
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A sub = 20.0-56.6 [K]
g = 2.0x 106 [W/m2]

A sub=56.6 [K]

g m
Fig. 3.3.6 g=2.0x 106 3.0x 106 [W/m?]
40 x T T
\Y
| \
= ‘\\ ®
N\
o 30 \
& N\
5 NN
2 LN
o
>
m _

20 \.\\\ ® -

® g:2.0x 10°[W/ni]
® q:3.0x 10°[W/m°]

20 40
A

sub [K]

Fig. 3.3.6 Average bubble diameter - A sw
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g = 3.0x 106 [W/m?2]

g = 3.0x 108 [W/m?2]

A sub 40 [K] 30p g = 3.0x 106 [W/m?] 250 m

A sub 40 [K]
[71 A s 40 [K]
Fig. 1.2.4
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3.4
3 4 1
( )
3000 fps 10000[Hz]
20K[Hz]
Fig. 3.4.1
10000 [Hz]

Fig. 3.4.1

0

n

1000 2000 3000 4000 S000 5000 7000 G000 S000 10000
fregquancy (Hz)

Spectrum of sound (frequency — power spectrum)



50[HZz]
SPL{dB] = 20l0g,,(Pyy)
Pyy Fig. 3.4.1 SPL
Sound Pressure Level SPL

Fig. 3.4.2 Fig. 3.4.1

=]

o

0 1000 2000 3000 4000 S000 G000 7ODO EOOO 9000 10000
fresquancy (Hz)

Fig. 3.4.2  Spectrum of sound (frequency — SPL)

Fig. 3.4.2 (
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Fig. 3.4.3

SPL (dB)

0 W0 A0 M0 a0 Wi [ Tl D |
wymrery He)

14
16 +
14
12

1d

]

Fig. 3.4.3

l] i i i i i i i
0 1000 2000 3000 4000 GS000 EOO0 VOO0 G000 S000 10000

frequency (Hz)

Extraction of spectrums
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3 4 2
A sww=15 9 20 30 40 [K]
6.0 7.0x 10
[W/mZ2] A sub=20 30 40 [K]
4.0x 106 [W/mZ?] A suw=9[K] 2.0x 106[W/m2] A sub=1.5[K]
1.0x 106 [W/m?] (220 D
100
A sub=15 [K]
(saturated boiling) 1.0x 106 [W/m?2]
Fig.3.4.4 1.0x 106 [W/m?] 100[Hz]

30 : . - . : . ; ,

SPL[dB]

10 §

0 1000 2000 3000 4000 5000
frequency[Hz]

Fig. 3.4.4  Spectrum of saturated boiling (  1.0x 1086 [w/m2])



Fig. 3.4.5

Fig. 3.4.5

SPL[dB]
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500 1000 [Hz]

g=0.9 1.0x 10°
10} i)
g=8.2 9.1x 10°
W/m?]
10 .
g=7.5 8.2x 10°
[W/m?]
101 ]
g=7.0 7.5x 10°
[W/m?]
10F .

A L 1 L 1 L 1 L
0 1000 2000 3000 4000 5000
frequency[Hz]

Saturated boiling  comparison of heat flux

500 700[Hz]
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A sw=9[K]
A sup = 9[K] Flg
3.4.6 1.0x 106 [W/m?]
30 . . . .
)
=,
-
ol
n
20t -
101 .
0 L | I L 1 L | 1 1 L
0 1000 2000 300 4000 5000

frequency[Hz]

Fig.3.4.6  Spectrum (A sw=9[K];  1.0x 106[W/m2])

A s = 9[K]

Fig. 3.4.7
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—_— 6 I
g=1.2 1.4x 10 q=1.9 2.1x 10°

20F Wim’H Wi |
201 T
—_ i
= I ]
- I @
o
7 =10 12x 109 <
o
(0p]

20 w/m’H

=17 1.9x 10°

20 “ |
|

g=0.9 1.0x 10°

200 wim) I '
q:-1.4 1.7x 10°
I i . Wim?]
q=7.0 8.7x 10° 20 |

20r W/m?H
X u 1 X 1 | I . 1 L 1 L L 1 .
0 1000 2000 3000 4000 0 1000 2000 3000 4000
frequency[Hz] frequency[Hz]
Fig. 3.4.7 A sw=9[K] comparison of heat flux
700 1000[HZ] 2600 2800[Hz]
A sub_= 20| KI

A s = 20[K] 4.0x 108 [W/m?] A s = 20[K]

(Fig. 3.4.8)
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q=1.8 2.0x 10° 1 g=37 40x 10
20r Wim?] 20F [W/m?]
g=14 1.6x 10° g=3.0 3.4x 10°
201 wm’H 3 20F [wim’l]
— =)
m jy L
S [ 1 o 1 .
— (92]
o
N g = 6
g=1.1 1.3x 10 g=2.6 2.8x 10
201 wim 20t i
g=8.2 9.6x 10° q=22 2.4x 196_
20r [W/m2T 20F Wil |
N ‘ J N 1 N 'l 1 N . kl . 1 . L 1
0 1000 2000 3000 4000 0 1000 2000 3000 4000
frequency[Hz] frequency[Hz]

Fig. 3.4.8 A s = 20[K] comparison of heat flux

A sub = ZO[K] A s = 9[K]
800 900[Hz] 900 1000[HZ]
A sw = 9[K] 800 900[HZ]

Fig. 3.4.8

1.0x 106 [W/m2] A s = 20[K]



A sub = 30[K

30

Fig

349 A = 30[K]
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Fig. 3.4.10

SPL[dB]

20

10

Fig. 3.4.9

1 | 1 L
1000 2000 3000
frequency[Hz]

Spectrum (A su» = 30[K] ;

4000

5000

3.0x 106 [W/m2])
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g=3.8 4.1x 10°

Wim?]

q=3.2 3.4x 10°

Wim?)

-+

_ 6
9=26 2.9 10,

1
2000

1
3000

frequency[Hz]

' " g=23 25x 10°
Wim ?] '
20+ -
— L i 20+
m
o,
—
o 1 — |
Z =18 21x 109 @
20} Wl g
) |
20F
g=1.4 1.6x 109
20t el i
| .
g=6.6 8.3x 10° _
20 | wim ) _ 20
0 - lOE)O I 2060 I 30I00 I 4000 0 . 10I00 .
frequency[HZz]
Fig. 3.4.10 A suw = 30[K] comparison of heat flux
A sub=30[K] A sub=20[K]
sub = 20[K] 1000[Hz]
2600 2800[Hz]
20[K]
1300[Hz]
A sub = 40|K|

Fig. 3.4.11

4000

sub =
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g=2.0 2.3x 10° ' ' ' ' ' ' .
L Wim?] | gq=4.0 4.4x 10
20 20F WimH
S QT k T
2 { | |
n =16 18x 109 & ) 6
L Wim?] | g=3.6 4.0x 10
20 20 Wi
=11 14 10° g=3.0 3.3 10°
201 Wim'T 20+ Win’H
b |
g=8.0 9.7x 10° q=2.3 2.7x 10
20 + twim-1 | 20r wind] 1
1 1 \L 1 L | L 1 ‘ & 1 .
0 T 1000 2000 3000 4000 0 1000 2000 3000 4000
frequency[Hz] frequency[Hz]

Fig. 3.4.11 A sub=40[K] comparison of heat flux

A sup = 40[K]
2500 2800[Hz]

1.0x 106 [W/m?]

Fig. 3.4.12 1.0x 106 [W/mzZ]
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A Tsub =40 [K]
20 | -
T A Tsub=30(K |
20 | -
)
o L |
I
o
S S . | SO i
A Tsub =20 [K]
20 | -
A Tsub =9 [K]
20 | i
T saturated boiing |
20 | i
0 I 100IO I 200IO I 30(;0 I 4000
frequency[Hz]
Fig. 3.4.12 1.0x 108 [W/mZ2] comparison of A sup
Fig. 3.4.12 1000[Hz] 2600
2800[Hz]

A sup= ZO[K] A s =
30[K]



2.0x 106 3.0x 106 4.0x 106[W/mZ?]

Fig. 3.4.13 3.4.14 3.4.15

A Tsub = 40[K]
20 - .
A Tsub = 30[K]
20 .
o | _
=)
=
o
n i
A Tsub = 20[K]
20 7
A Tsub =9[K]
20 + -
0 1000 2000 3000 4000
frequency[Hz]

Fig. 3.4.13 2.0x 106 [W/mz2] comparison of A sup
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A Tsub = 40[K]

. L
S,
|
o
0

A Tsub = 30[K]

20 L i
A Tsub = 20[K]
20 [ .
0 1000 2000 3000 4000
frequency[Hz]
Fig. 3.4.14 3.0x 108 [W/m?2] comparison of A suwb
I I A Tsu£>=40[K]

20 -
= r 4
=,
|
& | §

A Tsub = 30[K]
20 N
A Tsub = 20[K]
20 N
0 1000 2000 3000 4000
frequency[Hz]

Fig. 3.4.15 4.0x 106 [W/m?2] comparison of A swb
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sub = 9[K]

3.0x 106 [W/mZ2]

A suw= ZO[K]

A

sub = ZO[K]
700 900[HZ]

2.0x 106 [W/mZ2]
3

2600 2800[Hz]

A
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2.0x 106

1.0x 106 [W/m?2]

sub = 30[K] 1000[HZ]

(1000[Hz] )

500 700[Hz]

(2600 2800[Hz])

sub = 20[K]

500 700[Hz]

~ 700 900[Hz]
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Fig. 3.4.12

A swn=20[K] A sn=30[K]

Fig. 3.4.12 15 A s = 20[K] 1000[Hz]
A s = 30[K] 2600 2800[Hz]
A sw=20[K] A sw=30[K]

Fig. 3.4.16 3.4.17
3000fps 1

1.0 [ms] 1.3 [ms]

Fig. 3.4.16 Fission of bubble (A  sup = 20.8[K]; 2.0x 108 [W/m?Z])
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0.7 [ms] 1.0 [ms]
Fig. 3.4.17 Fission of bubble (A  sup = 29.4[K]; 2.0x 108 [W/mz2])
A sw = 30[K] A s =
20[K] 1 1.33[ms] A suw = 30[K] 0.67[ms]
1000[Hz] 2600 2800[Hz]

A s =20[K] A s =30[K]

A sw»=20 30[K]
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. q=1.0 2.0x 108
[W/m?]

30u

700 1000Hz 2600 2800Hz

A sub 20 [K] A sub 30 [K]



A sub[K]

Bubble
Diameter

[ m]

g =2.0x 106 [W/m?2]

68

20.5 28 36.5 435 495 53.7
19.33798( 16.51568| 14.42509( 12.85714 11.49826| 9.721254
21.42857[ 17.77003] 15.15679] 12.85714| 11.81185 9.930314
2351916 18.08362| 16.51568| 13.90244 1254355 10.97561

25.4007] 18.60627 16.72474 141115 13.37979| 12.85714

25.4007) 18.60627[ 17.24739| 1442509 13.90244| 13.58885
2560976 19.12892| 17.24739| 1515679 1547038 13.58885
26.65505( 19.12892| 17.77003| 1547038 1547038 14.1115
27.70035( 20.69686| 18.29268| 15.67944 1567944 141115
29.58188 21.42857] 19.12892| 1651568 15.67944 14.63415
29.79094 2142857 19.12892| 16.51568( 16.20209( 15.47038
29.79094 21.95122| 19.65157| 17.56098| 16.51568( 15.47038
31.14983[ 23.51916] 19.86063| 18.60627| 17.03833[ 15.47038
31.67247[ 23.83275] 20.69686| 19.12892( 17.24739( 15.99303
3292683 24.56446| 20.69686| 19.86063| 17.24739[ 16.51568
34.80836| 24.87805] 20.69686| 20.69686| 17.24739[ 16.51568
35.54007 26.1324] 21.21951) 21.21951] 18.29268] 17.03833
36.06272[ 26.65505| 21.42857| 21.95122( 19.12892( 17.24739
37.10801| 26.65505| 22.78746| 22.47387| 19.33798[ 17.77003
37.94425( 26.96864| 23.3101] 2351916 19.86063( 18.08362
38.67596 27.70035] 24.87805| 23.83275 19.86063[ 18.29268
39.72125( 29.05923| 24.87805] 24.3554 19.86063[ 19.12892

412892 30.10453| 27.70035[ 24.3554 20.69686( 19.65157
4181185 32.19512 28.223| 24.87805( 21.95122( 20.38328
5121951 33.97213] 29.05923| 254007 22.99652( 20.90592

52.5784 374216 29.26829|  25.4007| 2351916 22.99652
52.78746 43.90244| 30.83624| 26.1324) 2351916 23.83275
56.96864 49.65157] 31.88153| 27.70035( 25.08711 24.56446
66.37631| 50.17422| 33.44948| 29.58188| 25.08711 26.1324
67.21254 53.3101] 44.42509] 33.97213] 25.92334] 26.96864
76.30662| 54.66899] 47.56098| 34.80836| 32.92683( 30.10453




A sub[K]

Bubble
Diameter

[ m]

g = 3.0x 106 [W/m?2]

69

20

32

411

451

515

56.6

17.77003

15.9375

13.96552

10.9375

10.23891

6.206897

20.90592

17.70833

15.31034

10.9375

11.56997

9.62069

20.90592

18.22917

16.34483

11.25

12.28669

10.13793

25.08711

20.625

16.34483

12.5

12.79863

10.65517

25.08711

21.35417

17.06897

12.8125

12.79863

11.68966

26.1324

22.39583

17.06897

12.8125

13.61775

11.89655

27.1777

22.39583

17.06897

13.02083

13.61775

12.2069

28.223

23.75

17.37931

13.54167

14.12969

12.72414

30.31359

24.27083

17.74086

14.58333

14.84642

12.72414

33.44948

25.3125

18.73754

15.625

15.35836

12.93103

33.44948

25.3125

18.93688

16.45833

15.87031

13.24138

34.49477

25.52083

19.23588

16.45833

15.87031

13.96552

34.49477

26.5625

19.23588

16.45833

16.38225

13.96552

35.54007

29.47917

19.43522

17.70833

16.8942

14.48276

36.58537

29.6875

19.93355

18.02083

17.40614

14.48276

37.63066

31.5625

20.23256

18.54167

17.71331

14.7931

38.67596

32.29167

22.22591

19.58333

17.71331

15.31034

39.72125

33.85417

22.42525

20.10417

18.22526

16.03448

39.72125

34.89583

22.72425

20.625

19.45392

16.55172

39.72125

37.29167

22.92359

20.83333

19.96587

17.58621

40.76655

375

23.72093

21.875

21.80887

17.89655

41.81185

40.10417

25.21595

22.1875

22.01365

18.10345

43.90244

44.27083

25.71429

22.1875

24.06143

18.62069

51.21951

4458333

25.91362

22.39583

2457338

20.48276

52.26481

45.3125

25.91362

22.70833

24.88055

22.03448

52.26481

46.66667

26.41196

23.4375

25.08532

22.75862

53.3101

46.875

26.71096

23.95833

25.08532

23.27586

54.3554

47.70833

30.89701

25.3125

33.7884

23.58621

54.3554

51.5625

32.39203

26.5625

37.16724

30

60.62718

52.91667

34.18605

27.91667

38.70307

30.82759
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