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Study of Pool Boiling of Dielectric Fluid FC-72 with

Dissolved Gas in an Inclined Narrow Rectangular Space

Student : Chiu—-Chuan Wu Advisor :Ding-Chong Lu

Department of Menchanical Engineering
National Chiao Tung University

Abstract

Experiments were conducted to investigate the pool boiling
heat transfer characteristics of dielectric fluid FC-72 under 1
atmosphere with dissolved gas in an inclined narrow rectangular
space. The heated surface is a smooth, 10 x 10 mm copper surface
with inclination angle of 45:11Gap:sizes (S) and gassy-subcooled
temperatures are 3, 2, 15 0:5mm, open¢no gap) and 0, 10, 20 and
30K respectively. Results showed that the incipient surface
superheat was reduced and the heat transfer coefficients were
enhanced with more dissolved ‘gas!” The incipient boiling might
occur more easily with decreasing gap sizes. But, under medium
and high heat flux conditions, the heat transfer coefficients and
the critical heat flux were reduced. The heated surface with
inclination angle of 45° has the best heat transfer properties
in gap sizes of 3 mm and 2 mm. During the experiment processes,
we also took photographs of the bubble growth at different wall
temperature in order to observe the bubble characteristics in the
pool boiling region. A correlation was also proposed to predict
the critical heat flux and was compared with measured data in which

the correlation deviated only to a small amount in small gap sizes.
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54 Wiem?, 19.91 Wihem?, 39 Wiem', 374 Wiem?, 7.72 Wiem'®, 9.0 Wiem?,
AT, =%1K AT, =21.0K AT, =315K AT, =85K AT =1TOK AT =153 K

(€) AT, = 30 K, = 0° (D) AT,,, =30 K, 0 = 180°

B 1-1 Mohamed% 4 20 =04
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10 Wicm®, 16.53 Wiem?®, 23,41 Wiom?, 5.0 Wiem?, 12,73 Wicm?, 1887 Wicm?®,
AT =20TK 251K 4K AT =116K AT _=147TK AT, =210K

{a) Saturation (AT _, = 0), 6 = 30" (b) Saturation (AT_, = 0),6 = 120°

12 Wicm®, 22 Wicm?, 29.27 Wiem?, B4 Wicm?®, 20,37 Wicm?, 26.2 Wicm?,

AT, =18.5K AT, =234K AT, =3lK AT =143K AT =204K AT, =293 K
(c) AT, = 10 K, 6 = 30° (d) AT, = 10K, 6 = 120°

5.36 Wicm®, 17.26 Wicm®, 356 Wiom?, 8.3 Wicm?, 19.16 Wiocm?, 339 Wicm?,
AT =72K AT_=IRRK AT _=314K AT _=154K AT,_=207K AT =303 K
(e) AT, = 30 K, 0 = 30" (NDAT,, =30K,0=120
iy oy
" ﬂ"‘:ij' | !‘:_':I'ﬂﬂ

B 1-2 Mohamed® % iy AIER SRR Y - £ R A WG 0= 30"

120°[9]
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716 Wiem?,
AT =183 K

17.2 Wiem?,
AT =764 K

196 Wiem?,
AT, =260 K

(a) Saturation (AT, = 0), 6 =90°.

217 Wiene,
AT_ =124 K

IHE Wiom®,
AT_ =306 K

2.8 Wiem?®,
AT =161 K

(c} AT, = 10 K, 6= 90",

3.4 Wiem?, 19435 Wiem?, 34.0 Wiem?,
AT, = 64K AT, =204 K AT, =314 K
(e) AT, = 30 K, 6 = 90°

B 1-3 Mohamed % +

12

4,95 Wiem?,
AT =128

10,66 Wiem?,
AT, ~17.3 K

13.55 Wiiem?,
AT, = 205K

(bfSaturation (AT, = 0), 8 = 150°,

5.63 Wien?,
AT, =132K

16.33 Wien?,
AT, = 197K

(d) AT,,, = 10K, 6 = 150°

203K Wiem®,
AT =34 K

1113 Wicm?, 2142 Wiom?, 2R3 Wiem?,
AT, =155K AT, =224K AT, =33.1K
(1) AT, = 30 K, 8 = 150°

Lo AR AN E 0= 90"




P +P =P :

. e U P

Vapor-gas Phase

me b gsat(Ry

=Tsat {F\r !

(You et al.,1995) [11]
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2.1 1 e/ A e

AR ERE® h1 1T FC-T2 &4 M 272 Ao it &
$= (Perfluorocarbon Fluid) > i+ &35 CF, » £ 73 T kg
(A)f— ~FBT3 Meefrg R(56.6 C)  HZTaF~2HFIFR
(DEFBBAADE . T agpy Rz P v RFHE 2 ER

ik o
(OEFi R+ ~F2F i FlREDERERFE -T2z FF -
(DAp§ Meha i > 2 7 gBABRE

FC-72 A p w3 g+ 2243 & ERFAIEY - AT

AL o B AP Tk 2-1 st7 [14] -

2.2 RHKHB

A& FC-T2 R EVIBf3F MAR FEA P B A IER
BR AT FEER RS B R RRETE G F SR e
B TRITIEIR kB ﬁijﬁijﬂ?g"» B2 RIS e FHRKAG e B

Bl4c® 2-1 #77 > B 2-1(a) 5§ %X &1 LB B 2-1(b) 3
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2.2.1 4c# i 20

AR BT DB LR AR 2-2 M7 0 0 BERT A RRER
(GFR)~THBPZGHRAREE F o HFmEHicoB 2-3 47
ToodFRed s 10mm x 10 e 5& 5 2 mmo @ 4R i1 A2
BB o ()R #8100 ard a3y 200255 ()1 st
gk m Pk (PN * B R lmicnE o aJZ 0 A * 1600 HLF) K-

-,-//

3403 0 E A1 2000 FLR) Mgtk g ek o ot r 3000 5L

\ S

% m
BRI R s e ko ¢ B Fe AR G ¢ bR P ARG 1 ik
A S T-type A T B SRHTBERETER T, FuE2E
(Fourier)- e i@ E 2z 2t ZRFEP 420 BR T, 221 3 50
47

L
T, =T - %\ (2.1)

He LEAFTBIIPIELe RG> T 25 1387 & REFER T

m%%{ﬂ@%ﬁiﬁ’%ﬂﬁﬂm—ﬁﬁiiﬂ’%@24
S RBIE SRS R LR F LT %RIE L RPN A G R

BTN ERERAEL e REAR AL T A1 5 50mmx 30 mm
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x 2mm> H#GEGREF HC0.23 Wnk) » & 24F 58 Fornk o

e P L e 10 mmox 10 mmegg A SRR R 0 SRR A RRE Y
PR A 2-5 T o B R RY - B # F T 150 WehE
R E TR o Ao B] 276 2T R T RFEFRS 0 230
R RS 02 5 &8 -

50 mm x 30 mm x 20 mm=%E & F= o

ETINS

be B R T S AR G- K]

O E GER S 0.35 Wn-K) > F T b B enfap L o

Fy

adA T2y e M 13mm x 13 mme FAE G 1 mmew g o T

9 Omegabond 600(E & HE R#ic: 1.4Wm-K» &3 kX1

Yl

B K A F g R A

‘&r

TR RS 1427 C)» 1 & LF] 5 a7

AHER T 0 R R T
AOEBARKE R EA Y PRI R Y BB A

BERREA RERRE R R ER B L TR 5

cip| B o

2.2.2 BlEREK
PlRE 5 — ?—FE””/’ELE s heB) 2-T A1 o JUF Z BUR L4 FE
FES AT AR e o PIES S 10 mm x 10 mmedy * > I * = &

P AR A AR e BT A E o5 (074579072
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B o FH~ ) 2%5 3m~2mm~1mmz 0.5 mm-> % 3 zeh

R4 AT R RGE R S S T ]

2.2.3 BlEE B

Pl ZEBi-p/ 30cem B2% 3mm~ 3 20 cmen % 44 3 B
4ol 2-8 fror o mwEh R plEp A - 22 10 em~ 5 10 mmehsg
CERBERI T AT HKREFY KPR IR ARG 0 2 (Fp
By ooa Z R OFEL G R Feng &4 5 pl91* - Viton
ﬁO%&ﬁﬁﬂﬁ%éyﬁV@Hﬁ%@ﬁ%%&’Wﬁ]TJZ%%
EE SRR EY X EG - AR E 200 wok e PT200 A%

23R AR R B (RID) W ERE EREC R Ap 2 AP PR o 5

BEF-ATFIARAIRRE - -BRARRFERLZ 1 2 4 B F R
dod - FRAERBEREINT G RBEIIRS ER SRS T
BEOHNTRFRE 1 2 5 REF) 5 RIS ATTHE
FEA T R SRR BOTRABA o BRIRETE R
i*%ﬁ?—%ﬁﬁ%’J%Qﬁ*?%ﬂﬁ%ﬁﬁﬁﬁﬁﬁvéﬁ

’E’- gkl L E R KA I Al F AR R kaEFy Ee R
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2.2.4 ‘ﬁé{s’,ﬁ k73

g AR FCT2 2V EFRTHIFOFEAES > 51 F
BeerukE B s A A RAE Bh 2w % R Rk & el (T 1Y Kf’i BT R
P s Mo pi”f'lr**i?‘]?;ﬁ? RH o]t KR Aol o B
ToBMBE RN R ABRMER A JRFF B4R 21
FC-72 & 2 #’Hﬁ’ @AqFirA A ani R ,‘7:{: HrxF AL RES
BARr AR EBLFE TRREF ARSI R RNT BRI SR

R w3 g

W

AL AR R RS A
dnepE s d b BB TN, A - 4 F BT R E A
56. 6 °C » i A 07 L FABCE F JefasE & 0 Fl FC-T2 4 35

F

phicd Dbt NS - & 2 vz ' 2 e 224 /—
ABRAERMH B I FEDS AR DT F IR F R

bef G L F A A REFE R R - BR RS e
B 2-9 i o FABALE O LAl r R A ERR Y SR

PR G FRUR A xR I AR T RO R e gk B

\

EEEE IR T CESERES TEET S LA E R
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B }\%%"(}‘//\/}’tﬁ?#ﬂ# |4e ~ ¥ /%\ﬁ’i’,"’%‘ﬁéﬁ‘}}}’_/i’f’*— RTD
BEVERFHER S f BFRIR AN ERERS gt iy

17 3 2 5 44~

2.2.6 IR A 0

BlEE ssihi-& In~% 0.7m~ & 2meh Ancer AS-15 &
i BRAERSVIFER S 30 T2 120 C - e BE SR H
PR RBIEAE R FRRTRERBEENNF R T
Flemg BT & % dii R RT BT SR RIT 4o B 2-10

BT o

2.2.7T ER-LH
Eq % o It Ancer AR-15 iR K e PR ET B /kk#
’Effﬁu‘?_)i ’ %%ﬁb KizHlplRE7T B g APE R LA BRA R4 I

B F g Bl o PURE e R Bk DI o 1R R Ao W] 2-11 47

2.2.8 BB k%
Fo? Gd LRPIEATERE D Sl 0 4 - & YOKOGAWA

DA2500E crlicibh # 5~ B #7HB » 4off] 2-12 #m » & 3 “F B~ e
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B3 - - 586 hip A e Hypd EIS AT R s TR
B 18 3] 2 #ic o DA2K00E 7 #r B R EF DR R R4 ik TR

£ 5 GPIPCIEEE488) /g + & 3 *aididg - d BN @18 > T %%

qﬁ“’ﬁ
—,l\
=
i
o

3
~F

BESCATRERGRREZEY DR EX 8 -

v

Ff 5 ULVACeHYTP-150M 3] - 2_d /4 4 ;% {1 (0il Rotary Pump)

2k~ =+ Ff (Turbomolecular pump) = 84 #f = > 4r§ 2-13

g
iy
=)

=k
w

S FRARLEL 100 20 A EEe

A ERSEA 160 2 190 2 o wea B B g > @ B HRRET B

AFHRDILR P DAY ofg o] B ahe AR T L
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Fro T e fg i ER REEORL G R F %Y £ R

s

22E = SRR BTRTELY S s R o R A R f R
BBl RN T R A BRI AR ER  AFHRE LT o I F KT H
e don (08 AER B B Sk E S FRER A A Bt

Amv R PRRITRPIF D EG BRI A (074572

(Je)
o
;:\
o3
-
A=
\\Q;D_
¥l
N

R

Wz E5H/THE 7% &1

0y

FIOTRERE R ER RS LA REAEAY RE 1 T2 - o

G B g B 9?{1\:’“‘7 | Ao

(1) Fgriplim
bR BB T L BN R R A @it o it e
Plarar™ K * 423 3 7 pER /jfzp e B S BT EL B R iR R AT N
BIEER B L BpER 354:%? P RALER R BB RE F

TREEEED 10 B FRA L b F 24 | pE

&
=
17
§
»
Ehy
12
&

Jl* Bzl plr2 BRES 3 10”0 torr

21



(3) i »FC-T2;% %
wigr FC-T2 o> Hpea 3 A& 34 #ae 70 2 80 mm> ®

45 s 2 3

7 e B T4 /}{_P{"F? PR e R A o

—\\

R E TR

N

T &

R

VAT R R T ARl feR R T, AL G 0.1 Crup

L = 2 ”
B e T AR R v

(5) *e >+ i3 fRf 8

FARBRTR AT URREFRR -TRENTREEEH



,éi‘%t'é‘i,%ﬁ:’_‘_"%ﬁ_,/n = iiﬁlmFJ ”‘&Fifﬂ'é“‘ iﬁj?_.lm?.‘@

o Fhedid m B RBHFAZE (.00 CFF o edririfi Boandicie > &
ITRABE B L S ENRRTAE IR N B I RET

R E o TR Bl o AT BB R 2 LA

RIS 4 RIER RS A LR s el -

(T 4 &

Foh? DA B AR ELT PAL R T 0 AR o

8) Faws=
FRHBAG O BT LR M S 24 L L EAT
BALATETR B o B P 5 BRRIE S ASRE S R B AR

XTI ANE PIE LY

2.4 * B R &A1

Ty hd BRALG FREIpIEL S REFR A DL R R
WEBPAGRGREL S RPAT  AARAF R o d WA P IR E
You# % [15] ehdpin » #ru 3 R ¥ r Yousk 4 #ripenkiv i 4

¥ oYouk A ripitenA MR 4L I RFL B HAEER A ER
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Br Rl B A 0sW/ L p pE(H A p ) 0 7 R T AR

\F‘

15 % @ #id & 1oW/ P (PAER ) 0 7 AZiE 5 %

BREER G BRI & F AT E (thermocouple) g% » Hig X
FREL0STHP o B4 ZRleh? BR GRS Fanf i » R4
Bl .+ 0.01kPa - 4 £ eh7 B R AT e T RAGEL > Hip 4§
B4 s £0.01AM 2 0.V « 7 R ehdf54 v %4 Kline[16]

o AuENAEE - AFL CBEARZADEGEE DT R

4o 2-2 #7 o Kline 7 BB & 473 2 bk oTom o

2.5 #iF4 B %

axi e SEEL SPR- R TR I B 3

4&&

PR MRS AR RRY §F ARG T ARD

WA AT Al DA TR R B SRR R T A o 5 BT

4o T 5T BARSE B Rl R 0 @ R 1 AT R
Berjk et R Qe FE0F 5 UHMEIRG @IIRIES A AL i
X Qu BRI 2 E AL i e ¢ Lmx- 1 T-Type o7 %

b

mEIER T, 0@ 54}3 BAET B R - TR Y S L N
BOEARGHN L, 2 L, 4B 2-14 #F > & ot 8 RID] HuE B A Ul

AT, BT, BR T, AR T, T, APALAF > TR F 2 F
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AOETERERF A > bldoe BiRls PRFL G

T -T T -T
Qside = 2kt Asidel 24 2kt AsideZ T (2- 2)
Ly, Ly,
R R A
T,-T
Qbottom = kt Abottom % (2 3)
13

’}j? v kt {@i %;E’ﬁ%ﬁ‘ @ %"’féf‘ﬁ'{ ’ A‘sidel '/;Zt_a Ayottorr fo F”'J 7"‘:* & T@‘ fﬁ']‘i -,"E
Bt hd AE 0 dod Lo s By B RG hREE R 0 RIARER S

Qloss = Qside + Qbottom (2 4)

BRI bR Quat RN bl e b s o

total
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% 2-1 A% FC-T2 ehéefoip BE (RS 14 § B)[14]

Xy FC-72
T a4 + ¥ (Average molecular weight) 338kg/kgmole
f=fh 8 & (Critical temperature, T,;) 178°C
44§ & (Saturation temperature, T, ) 56. 6°C
7w A (Density of liquid, p,) 1680kg/ m®
%% %R (Density of vapor, p,) 13. 39kg/ m*
7% # (Heat of vaporization, hy) 94790 J / kg

# 18 ® % (Thermal conductivity of liquid, k)

0.0538W/m « k

w4 (Specific heat.6f liquid,+Cp,)

1102J/kg

#$4cF (Thermal diffusivity of liquid, «,)

3. 064x10-8m?

/S
_ 2
¥ 4k ¥k (Kinematic viseosity of liquid, v,) 2. 729);130 fm
I % #F¥# (Prandtl number of liquid, Pr,) 8.900
Pk 2 #ic(Coefficient of thermal expansion of
liquid, 5) — 0. 001639 k-1
# wm 5% 4 (Surface tension of liquid, o) 0. 008348N/m
i & % # (Dielectric constant, 25°C, 1KHz) 1.76
i %5 & (Dielectric strength, KV, 2.54mm gap) 42
7§ o f2& (Solubility of air,ml gas/100ml 18

liquid)
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 2-2 2 BR L7

w4 P %] 3 ER
% 7= (Am) +0. 01 0.13 +7.69%
7 & (Tolt) +0.1 1.3 1%
#L £ (W/m?) 1. 69 +5.91%
A (%) 0.01% 0. 1% +10%
&8 A (C) +0.5 3.64 +20. 28%
ivﬁﬁfg 0.713 +13. 84%
FasE(C) +0. 0001 0.0016 +6. 25%
se#td ® @) +0. 05 +0. 5%
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EE A
TET
A o FEEEAE
—_|= = =
WREE  avino B ENE .,]
'
WaKEO —
=]
m: o Pt E i
—E .‘.
L = -~ -
& R |, .
EEAN == N

(b) R =&K& R+ H

B 2-1 RARKA
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T ——

B 2-2 & XE
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#*E1%
B340 1
3? SR
AN
i
i

20

30

W 2-3 4c# P E£EEFAME mm)
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B 2-4 RlFY

B 2-5 R AcHE:Y

[W FecuLaTED oo FOwER SUFPLY WOTEL PEARLIIN

Bl 2-6 THEEE
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1,

5.:?
\
S

/
//5/

2l

3,2,1,0.2mm
Ty
e

/ 18 33 4=
30 _

ad

5:

E#ER

EA

R3K4E R

B 2-T F17* $ir i dhp F 230 E S5 L H(E omm)
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F 28 RIFEE

B 2-9 4cF &3t
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—_— e

N e

— =
—

lCOOLING CABINET

W 2-11 428 -k H
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Y BEDmE CO0O0O00E

B OOECT e

B 2-12 #&Hp#EEE

® 2-13 2 §1%
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/ IRE

T, = #70

B 2-14 i FRAF2IBABMEE F
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Ao AT FC-T2 51 fF

//n ZE OGS /#’Eﬁélt @'ﬁ A E‘a’é‘l F‘f\ﬂmg v N F 3

)

S ] T ﬂ’gﬁmi\“ﬁr'@%ba 1 ﬂ’gﬁ"i’ MUE TR A

(CHF)ﬁqgggﬁ% » T AKT R LB e g BB E TV R o F T

@ ep R g

i

— o f 10mm x 10 mm~ & & 2mm soeijfdp s > 7

oAl ehsit s 3-2-1-0.5mm % B (@ P 3F) F LR

A3 01020 2 30 K» RS HAEL 3-1 77 » 73124
Rard 32 f0A o okt AR Bordp i AR g e 2 K

E«m ’lli—é' ﬁ_,ﬁ{a;mw <">'1‘-"?

i

BRFALE B R 1% )i G -

3.1 B4 RE

W 3-1 5 4R FC-T2 f- 2 f BT > & {5 56.6 C
PRI R B AT A M R o R R el B Lk

2.5 &eht Eri- MBBGEFE  AFL b ¢ 5 Qs
total

d ,3;%?%3‘5@?]»;%&_&& oW ™ o AL ek 30% ~ 40% =

B B~ BRSO T RAE L STk e BIRE > R L

gy mgg BT E SN~ 30W P BGE AR 20% ~ 30% =
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B o439 You$ < [11] magivede i ¥k b A FC-72 51 fF
R BT ST NEE S 2 A SEE AL N 5%-15

% 2B o VAr AR EF ERIE ORI 4 % <3 YouR A dciE fios )

ke & o

3.2 R ERE LT

AR AN BT R Tl TR TR T B e
Thoitam TR FSHRME 2 HEE o JI 252 e E(Newton s

cooling law) R+ & i i cdrdt B L dic - 4 5 =0 L Ao ™ 977

q"= hATsat (3 1)
R
q||
h - _ 1
ATsat <3 2>
H e

1_
" Qtatal Q|OSS — Qtatal( 8) (3.3)

=4 A

=T _Tsat(e) (3.4)

wall

AT,

sat

Qua *@ TiRER B B E o
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Quss * B % o
ST AT Qs
total
At Se# i & o
Toan = Peged B R -
CEER O FEGER TaRE FC-T2 - < 5§ BT e e
®E 56.6 C -

Ta(P) @ 3R A #r¥thtefof B > 2P SRARA BIF- X 7R

\’»:ITsat é“ 566 OC °

3.2.1 2R &%t v i %

B 3-2(a) S kTHBU G P HEEE - iU R

CHMLERAEAT,  BEERAT RO EE RS o d BB
FRLEIS AER - Bisaui i p R aE e S0 50 8
MEPFD W FEeRec2 A2 B RBPF A 2R BTG
BHB A0 BERFFET REDR G L RAIRSF L ERAT
(Temperature Overshoot) » @ b pF e £ & BIAE 5 A4 £ & AT
HE- A A R R 2L - 2@ Youd A [1T]FC-T2 i
A D] FC-T2 chdedniE R » #20 19.2°C3] 50.5°C2 R’ -

ﬁ‘ﬂiﬁ;@%%}ii?guﬁ%*%iiﬁ?ﬂﬁ ’ﬁﬁlé%)ii%ﬁ LR B = e 2
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¥l iR - B3R £ BCHF(Critical Heat Flux)#f 2 Ry
FoGh F40HE TAAERS BT E P AERG R PO ER
AEARTAE S BB G - B IR B R EAGER
PR - BARE B ondiE > ¥ § ERAAMETL -

At F RS R bR > AP Yous 4 41996 [15]
TR R Rk ITRE o M ST Y hyp s FC-T20 RS

v

P FRRES S 10mnx10mm Gk s FHI LRI

Kz 30K-You% «[15] 1% FC-72> &4 & 1 <5 &2 3 + R

s R B o B 3-2(a) vk AT R ATRLEA Y RE 0 B 3-2(b)
2 You® 4 #fpieny A Ed SUR e LL3-2(h) ¢ A PR R
i ARG RIOSRI2Z 21 *F BT > g4 R »%E 0 K(Cg =
0) ~ 20 K(Cg = 0.0029) 7 s w 4 -

fefoe G 4Bl 3-2(a) T 0 A B chASL A E LR G E H
A 20.96 K(Q"one = 12.76 kW) > 48] 3-2(b) R10 > You® *
s g e 20 K(QTong = 18 KW/ ) > BER A R B chdede i
EREG R R Y You® A AR EREG R RAPIT o AR B PAE
AN eBEBAE 20 2 50K 2 -5 You® 4 et gn 20 3 40K

2 BT AR SO E R R YouE A W F o AR %
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i A 5 224 M@QZ(ARM::BOK)’WmiA ZELE=Y AT o
%158 K%z (AT =35K) 0 #r & F B enfef £ £ You¥ 4
g o

s B 20K P AcBl 3-2(a) T 0 AR SReAsdn A AR

i E A 14.5 K(9Q" o

27.25 W/ ) > 4effl 3-2(b) RI2eHzk:

ALt 16 KO on = 30 KW/ ) 0 A s sheidedi it R G I
Bvt You® A eddn it ERRG R R M o AR HROPIAETR S N A
WwHE AR 20 2 45K 2 B > A YouE A e XA 20 & 40K 2 B 0 B¢

AR B PR G R RS Youk, dldpipy BT AR

i Bl £

& 2811<W/nz (AT =42:37°K) > You® * g #u:d £
213 K/ (AT, =39 k) et R shenteh i 24 1 You'® «
HIE o

kR Sk YouRk A eni g o ARk AEREG R R
M=o B b m % 00 A TRl Sl B EFF WS B s 4o a B
deo B Al BEEEG EAE 6 XTI F ML R R R M B

VR AR BT IE D %8 YouE A

Xy

P BRI X F W4 R
SR Ap UL 0 F AR e Ak L e = —"ﬁmﬁ;:zyj\ Fl4c i m ¢ <1 (You® 4
gteFe 5 bmmx 16mm)7F o FedelF LR m A4 7 -

B ohi g o
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3.2.2 "4 45 RAcEG PR EFIHT 3 b § W4 REFS AT

vF

NN

B4 $h

B 3-3(a)-(d) 5 M& 45 BB cse#a > &7 Fehg =4 R
T bR BRI AEY R o d B VR FF
x4 R & 0Kpe i3 £3d € 5 8 R A24%(Temperature overshoot)
IR RF L CEFRA RO B RGP T2
2 HRFE AT BB ME AT M PR A 55 TR
FE M R EAERS P AR EE S EAR[ID] 0 TR RAZ
AR A K FE T o RR T IR R A B R A
WA AH A MI P M RS H R R AR A
oA 28 BIRA AL E(CHF) = 28 B P4 ETR - &t
A E o d WPRER R P A G It R SAE T TR
FAZOPATETR R ¢ H e 0 3 R TERG R TIR o

B 3-4 5 MA 40 B xh e > A% FF R4 REHAE
B SRl d Bl T OUBRET e 2T ORRF M E R AEY SR
FAZmA > 27 AF WS R RPN S AT BRI
P BEEREG RN F F 7 BRI A BEe R R R e

Ak BlP F B s R 30 K(Cg = 0.0038)F » kEm f & "% Mk § o
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i
ETINS

PRV ORMRE G RAERS 2 A AR AT M 0 M
FEMAa RS FL A RUES ELFF ML R D G H
de AR > mBcipdcE 3-8 47T o Gldcd 4 R 0 KR A
WF L 228.9 kW/m? @ FlE 4R 30 Ker el £l § ¢ 5 b
7] 315.7 kW /m? o

B 3-5 5MA 40 BB xbhefo e A W4 R R BER

Bl B oBY AF LT oI MAME T g R RRE
ﬁu‘?i%ﬁbb ﬁ&]‘ ﬂg %F‘ ’ I:F]LL 2 j}é*—r ig?f\féﬁ‘ L@_\Lulé‘ﬁ;:(’ d m‘ﬂ 4 ;F:]

v

DA F AT R B AR R R B R 4 € B ok
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Bl 3-20(a) = MA 45 B4cfom g f=x/4A R 5 10 K(Cg =
0.0016)p* » # I B F4 ~ -] e ied” SR 5 B 3-20(b) = B 3-20(a)
M E T e B o (iR 3-20(b) PR g Im o MAE R
(30%CHF 12 ™ )P » Azdp it iy ¢ ig F B et ] m e 548 24 - R A&
ARETL G v R PR BEG R R F R Rl F k] et i e

Eupd 'ﬁf[: WA rE 0K(Cg=0)pFpig > hFEXTV %R F R

iy

VIR B oo B AR R PR B P BEG R R R L
M 0.5mme ® % #id & (30%CHF~90%CHE) P> > RF /4 3 mm¥E 2 mmerkd
BOERERE RN YA O SEEFEFRFL T ]l mmo e R R € G
B hd g oo

B 3-21 R4 45 B4e#e g W4 RS 10 K(Cg =
0.0016)FF » 2 e RFFE % | cnd @ T lied 20 - @Y ¥ g
i A id B (30%CHF 2 ™ ) B > § BF B et B vE A Bl Bt B st o e

ﬁ&% AR5 0K(Cg=0)(®B 3-19)FF - iﬁﬂrﬁ L 'Lwlﬁ% kg 4

-

=
b
g
>‘I‘:\

BALIFMAALDE RE T RGAE 5 L FF P S lH

E

L&
=1
5]

17 ¢ % #d  (30%CHF~90%CHP) F% - € 5 I W ik | - #118

by
3

20N

Bl F R R o

£

50



FH=x4A R 20 K (Cg = 0.0029)

Bl 3-22(a) 5 AL 45 R4c#d A =LA S 20 K(Cg =
0.0029)F » 3 I ¥ i % /| e i s B 3-22(b) 5 M 3-22(a)

AR T A Bl e WY T OB IR A iad £ (30%CHF T )

\“‘1“-7

BE o Azt TS 2 R F L A RS B R AR R R

BOPERRGEE O WAL RH G BHR ] s DR R
TAMRF MR RR A > T UFREK 0.5 mnpF G R A (v

Ik

RE Mz BF R ERAPEFE TN RIT 1Y 3L
(30%CHF~90%CHF ) p¥ » F¥ 4. 20mmenfEwal & 22 B AV i > B M 3
mmA| v oo A B 25 lommZ S ARG R € P AR B o Bk
FRhAEE SRR ERHROL BriE 04 o

B 3-23 5 vEAL 45 RAcFe g WA RS 20 K(Cg =
0.0029)pF » 2 = RBP4 % | e Wiklcd B o d BP VLB

A & (30%CHF 2 ™ )pF » &5 B4 0.5 mmergt @R e B >

g

BAFHMEFE RN hERpE 2R en D1 ¢ FHRUELE
(30%CHF~90%CHF ) B > Bl 5 BF P4 2 mme B 2V 4537 > 350 A 14 3

mm> R 1 mm™ ™ PSR R @ P EEE R o

51



F®=x4A R 30 K (Cg =0.0038)

Bl 3-24(a) = WAL 45 R4¢cko f WA RS 30 K(Cg =
0.0038)p* » # I B F4 = /] e ied” SR 5 B 3-24(b) = Bl 3-24(a)

%%

\f“lﬂ

Tk Bl A £ (30%CHF 2 T ) RF s AzdnitiEe @
PRAIE BT Alpr PRl T2 )RR S8 I8
Bt o ARBT e FRERRNEIT BFH 3 mmu 2
0.5 mmf i< » e % P &g - ¢ 3 #id & (30%CHF~90%CHF )/ » R 14 3 mm
SREG R R BN EIT o PR 2mme Ko B 1 mm T kR R
REEE B M e ] mimprd oo Naied #d £ 53 F 4 3mn
T R A B R BRG] @ e K o

B 3-25 5 vEAL 45 RAr#e Ay =4 R 5 30 K(Cg =
0.0038)/F » 2 F R4~ enft B yE tadicd S - d B P ¥ R

A 8 (30%CHF 2 T)HpF > B H 3mmrz 2 0.5 mmerdh & VR o fioek

BOHARTHANEE RN RSP AE o PP 3 A

]

(30%CHF~90%CHF ) B > B 5 BF M 3 mmeZ B 23V 4537 > w350 A 14 2

mm > R 1 mm T R RE R AR ] @ P BEE o

el mp ] » AEZ R 1 mm TRP R BT ML R

HAcis > BRI Zbrp | BRI R - Thg b RE R

52



Bl mmo TS OB B G B AL R S foll S F ML R
ES T DR REE N R Y SR ) E TR L S e
s RN ] AR K o

3.2.4 *c# A @ i PERG
B 3-26 & 3-28 A WA icfes ~ W 2mnE B 0.5 mm
hAFfofs ~ 4R 102002 30 Ko i Hdici-4pi8dp3Ed M1 3 &

B (G FAs BHAETIAAERL AR T ER > d 2 fd

—\\

%
<

A 4D R b oo FP bt B e T 554 R e 2

’QA‘{

B B EFE L e 2B SF KT € X3 s

iy

S L RE R AL Ee P B L A I o R

e H g o Rini[23] - % 10 mm x 10 mm x 5 mme 4 £ 4c 4t

29

~E
P’_‘k

— A F RS FCT2 ¢ o e el f

Iy
3\
ey
s
3\
0=
h.M
%,
|rml.
03
i
P+

0.4 mm~ 0.5 mmz & o
d B 3-26 ¢ T O RED F e o §EF A WAL R e A

el o0 AR EF)E AT F g e 4 SR A B

53



Ik

(30%CHF~90%CHF ) # & F* & » @ £l & (30%CHF 2 ™ )R F] & B 2%
aApfF i G EHRE > RHAEE ZIERS RRE R RG - H

PR e ang e Rt B o SEFRE E e d fh 2§ e ibnbr g

BiAc ML RT R B A R nf e £ E s FR a0 TR &

Bl 3-27 ¢ ¥ gl B 2 nmPFE B 4pin o 2% b § 48
KAEBET o Fe Rk G FEF WA R e B 0 £ H
B CBRUETFEAGPRE A3 RUEER J NXFIFREE §

R AR R AR IR EFF A R A

54



FRM A aniben Bl o AE AP SFRUSEFERIPE > D
BonF e MRS EEF ML R e B £ H A AT R

RPRE DY CRRMAER O LFFHL R F IR

:\3\
(;5

Bt o A R J0KREs B P AR o d PV Ao B2 mmiBig

ARG O RS TR RPN REORE T T

B
=
N
DO
oo
7\
Q
—
e
|
N
*m\\
o3
o
O
()]
=
El
bl
A
)
o3
Ef’
‘/?\‘5

-

TF R P Ak alfofid g4 T o WA g e

Mgl G o Y S BRUEF I N AL e F o Fe{ B
EHAREA) N FFOERE i oo PR SR R

-

Mo A AT AEY 4 T I AL B (304CHF T R B
)i

TOUS LA R R R T 0 EE R4 R H S BB hf e

LOEEH A o ¥ il B (30%CHF~60%CHF) B » 7% f 0 e i B »

55



o3
\:m“l
i“?l
E—x
S
%
9
/%’ft
\-mk
F_‘k
<l
E P
(=
|
"
k-8
&
)
hX
1 N
\3\
)
"
Bt
|l

%Il}’ Jﬁ,"l‘éﬁ"frﬁé.\ﬁﬁ&ﬁ 28 &F‘ ’“lif%?‘:? A )iii%%“ o &F' 7‘517

BHS | L F e ma s nm @ o F e g LA B Ba mHVE

Ak
N
NV
o
N
[
Y T
B
&
S
\ﬂ'{‘\
e
-J—j\
J},
P
P ‘%

)
a:
‘F»Wg
F_L
a~
~
s
=
|
%‘?

3.2.5 TR M £ hig sk 2

TRRITRA £ £ 0SB 8 5 544 Monde % 4 [20] #r4a 3 en
Bk 3% o Monde # A GRRRE R - LB R FAEANE 0 FH L)
FitFEFE 0.45mm I 7.0mm 4e G 5 4R R 3 EIEAEA BTGk
o g ~R-113 2 5 » FoRiF 28 AF %4p 00 - Monde 3 4 chigse =

F e T

q”CHF/pghfg _ 016
L{/Og(,Of _pg)/p92 1+6'7X10_4(10f /pg)O.e(I/S) (3.5)

B9 Qo FTRABLE Ny SEER p ZRUBE oy 54

|
|

WHER o 2205%4 0 €4 d R ] ZEVRETR S 5

d 3 AF &L T s FC-T20 &2 Monde® % #7i¢ * ¢ 1%

56



kA oM P AR DA LR L 45 R0 MondeF 4 b

%E:IE/ iﬁ#]F’HTII#%MOHdeiA mq—:‘%?} DN ﬁ»lﬁé\'j\

bt

P TR Bl B S S5 o Ao RN Ao

q”CHF/pg hy, _ 0.24
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(3.6)

Hegrsin(d) €57 82 €4 g o

hF R4 T anfRf £l £ P15 Parker® 4 [21] BB
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% 3-1 R%F 5k

60

B M+ - (S)
- S (mm)
7? *ﬂq;g}i(ATsub,gassy) —
0 K (Cg=0) Open, 3, 2, 1, 0.5
10 K (Cg = 0.0016) Open, 3, 2, 1, 0.5
20 K (Cg = 0.0029) Open, 3, 2, 1, 0.5
30 K (Cg = 0.0038) Open, 3, 2, 1, 0.5
GL:SERM~ ] Cgiaviafis 487 Emoles gas / mole liquid)
3 3-2MiafEs WER A [18]
Cg
T T, AT (T) P P
Case . sat obulk sub, gassy sat bulk t g (mO 1 es
Cc) | (CC) “C) (kPa) (kPa) (kPa) | gas/mole
liquid)
1 6.6 | 56.6 0 101.3 101.3 0 0
2 6.6 | 46.6 10 71 101.3 | 30.3 0.0016
3 56.6 | 36.6 20 48.5 101.3 | 52.8 0.0029
4 56.6 | 26.6 30 32.1 101.3 ] 69.2 0.0038
%" v Tsat - fé%ﬁé&fr’-‘é}i ’ Tbulk :”é; ’g%z’-‘?—}i ’ A-I—sub,gassy ;F ’gﬁ"‘ g }i
=P (Tou) =F A0 ¥ 1z § # B> R=3R> P =54p" g WA R >
C, =7 AfFFMkR)




% 33 AR FMIALRET b B A ) AFC-T2607 Bl vt 4

% Hc Bt BH(S) =3 mm
F M=s R (AT,,) F 8=s R (AT,,)
0K 10K 20K 30K 0K 10K 20 30K
AT ons (K) 23.46 19 16.26 11.75 | 23.11 21.02 17.51 6.35
A one (KW /m?) | 13.32 17.77 22.72 28.08 | 12.76 21 24.16 26.98
AT one (K) 49.14 45.5 43.6 43.2 |45.74 45.5 45.5 43.31
Q"cue (KW /m?) 1228.9 255.5 275.9 315.7 | 217.8 236.8 257.1 309.8
¥ B r.(S) = 2 mm Br(S) =1 mm
F =4 R (AT,) F M= R (AT,,)
0K 10K 20K 30K 0K 10K 20K 30K
AT ons (K) 23.5 18.63 13.56 11.45 |17.5 16.5 13.31 10.26
Q"o (KW /m?) | 14.76 15.92 23.16 26.49 | 12.09 21.4 21.84 23.61
AT v (K) 49.3 47.48 46222'45:04 | 42.56 40.19 39.07 38.7
Q"o (KW /m?) 1198, 1 223 +3255.,6.293. 4+ 106.8 129.4 159.9 168.4
S B (S =0.5 mm

F H=x 4 R(ATD

0K 10K

20K

30K

A-I-sat ,ONB (K )

9" ong (KW /m?)
A-I-sat,CHF (K)

9" cue (KW /m?)

16.03 13.04 9.18
11.78 15.92

6.09

41.82 42.12 36. 85

84.3 95

103. 2

8. 96
24.0
34.5
114.8
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4034 APk HRT R oA R AR BA

Se R B4 m BH(S) = 3 mm

4k oM F M=t R (AT,,) F M=t R (AT,,)

Q" e (KW /m?)N_| 0K 10K 20K 30K 0K 10K 20 30K

g =0° 224 272.3 180.5 203.7

0 = 45° 228.9 255.5 275.9 315.7 | 217.8 236.8 257.1 309.8

g = 90° 176.4 209.3 230.1 240.4 | 182.2 208.5 235.2 245.6
Se g R BH(S) = 2 mm BH(S) =1 mm

ko F®=4 B (AT,,) F B=x 4 R (AT,)

qQ"cne (KW /m?) 0K 10K 20K 30K 0K 10K 20K 30K

g =0° 97.75 129. 3 30. 93 48. 97

0 = 45° 198.1 223 255.5 293.4 |106.8 129.4 159.9 168. 4

g = 90° 150.8 189.1 215.8 237 125.1 152.2 186 214.1
Se g R B (S) = 0. 5.mm

ST F H=x 4 ROATD

q"cre (KW /m?) 0K 10K 20K -~30K

g =0° 10. 14 13.95

0 = 45° 84.3 95 103.2 114,38

g = 90° 109.8 139.3 169.5 189.6

(H? 0 =0" 5% Fa¢[22]9rfaeniss » 0 =45" 53 2k~ 9“1

X s a[18] 47t %)
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300
—&— Open (Cg=0) [7+7] CHF = 281
250 |2 Open (Cg=0.0029) [17]
W CHF
:.; X ONB CHF = 224.5
~ 200
R
=
o 150
<
=
100
=
[P]
50
X
mnmﬂm%x‘
0 ‘ ‘
-20 -10 0 10 20 30 40 50 60
Surface Superheat, AT (K) (T, — Tear)
(a)
Pure 'Li-quid Bmﬁng'
q = AT3.7 1o AT43 _
1 — — i e - ___4_! -
" | Closed Symbols - 1 atm ! | ,
.' 5 5 '
40 I : :
~ ' ‘
- . - &)
£ Gas Assisted Boiling ! |
B 30 q=AT2 to AT26 ¥ B ]
| -
E 45l | ==
20 | ' R12 / CHP=21.3
= = t B
- . R10 / CHF=15.8
o
10 }
. Natural Coavection
0 i L -"‘f’ P !
-80 -60 40 -20 0 20 40 60 80
Wall Superheat (¢C)
(b)

B 3-2 kR MR T e RS R EI(2) %R R TR

& (b) You® A #ffaet d 5[15]
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250

(a)AT, 0K

sub, gassy =

—&— Open (Cg = 0) [Increase]
—@— Open (Cg = 0) [Decrease]
—#— CHF

—4— ONB

[\)

(-

o
T

Heat Flux,q" (k# / m?)

50
0
0 10 20 30 40 50
Surface Superheat, AT, (K)(T,an — Teat)
300

(b) ATsub,gassy =10K
250 | —2— Open (Cg =0.0016) [Increase]
—®— Open (Cg =0.0016) [Decrease]

—#— CHF
—€— ONB

[\

o

o
T

100

Heat Flux,q" (xw /m?)

D
o

10 0 10 20 30 40 30
Surface Superheat, ATsat (K)(Twall _Tsat)

Bl 3-3 AL 45 R bc#d o a3 behf MAART > B4 il

Bl £ it AW (a) & (b)
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300

(c)AT =20K

sub, gassy

250 | —&— Open (Cg=0.0029) [Increase]
—®— Open (Cg = 0.0029) [Decrease]
B CHF
¢ ONB

[\

[

o
T

100

Heat Flux,q" xw /m?)

i
o

-20 -10 0 10 20 30 40 50
Surface Superheat, ATsat (K)(Twall _Tsat)

350
300 + ( d ) ATsub,qassy =30K
~ —4— Open (Cg = 0.0038) [Increase]
"E —®— Open (Cg = 0.0038) [Decrease]
E 250 B CHF
¢ ONB
xR
= 200
S
=
) 150
=
2 100
50
0

-30 -20 -10 0 10 20 30 40 50
Surface Superheat, AT, (K)(Tan — Teat)

Bl 3-3 AL 45 R bc#d o a3 behf MAART > B4 il

B bl £ ity S (c) & (d)
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350

—&— Open (Cg = 0) [[fi#]457%] CHF =315.7
300 || —®— Open (Cg=0.0016) [[fi[45%]

—8— Open (Cg = 0.0029) [[Fi#(457% ] CHE = 275.9
N —&— Open (Cg = 0.0038) [[F45'% ] CHE = 255.5
_E 250 B CHF -
E X ONB CHF = 2289
200
<
<
=150 |
o
3
0 100 |

50
PP, . e
0 st o T 24,0
30 20 -10 0 10 20 30 40 50

Surface Superheat, AT (K) (T, —Ter)

Bl 3-4 A 45 RE Mo > Bl §F WIS R AEY AUF

—&— Open (Cg=0) [[FR]45%]

—0— Open (Cg = 0.0016) [[F~[457% ]
—8— Open (Cg = 0.0029) [[f=]45% ]
—&— Open (Cg = 0.0038) [[fi[45% ]

Heat Transfer coefficient, h (k% /m*K)

0 50 100 150 200 250 300 350
Heat Flux,q" (kW /m?)

Bl 3-5 M4l 45 BBt fd » 3 b fF WA R R BE Gkl
A
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250
(a )ATsub,gassy =0K
—_ —&— S =3 mm (Cg = 0) [Increase]
“E 200 [| —®—S=3mm (Cg=0) [Decrease]
~— B CHF
E ¢ ONB
=150
<
>
=
=100
[av]
(D]
o
50
0
0 10 20 30 40 50
Surface Superheat, AT, (K)(T,on — Teat)
250
(b )ATsub,gassy =10K
— || —2& S=3mm (Cg=0.0016) [Increase]
% 200 | —o— 5 =3mm (Cg=0.0016) [Decrease]
~— B CHF
B ¢ ONB
ey
~ 150
o
b
=
. 100
=
o
T
50
0
-10 0 10 20 30 40 50

Surface Superheat, AT, (K)(T oy — Text)
B 3-6 A 45 BRé4v$ae > FH(S)E 3mm> &7 kg =<4 R

T h BT R R £ s ARG & (D)
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(c) ATsub,gassy= 20K
250 t | 72— S =3mm (Cg=0.0029) [Increase]
o —— S =3 mm (Cg =0.0029) [Decrease]
E B CHF
=
200 | | ¢ ONB
3
St
<150
b
=
(69
100
o
)
50
0
-20 -10 0 10 20 30 40 50
Surface Superheat, AT, (K)(T o — Teat)
350
300 | ( d ) ATsub,gassy =30K
o —&— S =3 mm (Cg = 0.0038) [Increase]
£ —0— S =3 mm (Cg =0.0038) [Decrease]
E 250 B CHF
L
3 ONB
—q 200
5
150
E
100
50
0

-30 -20 -10 0 10 20 30 40 50
Surface Superheat, AT, (K)(T,a — Teat)

B 3-6 ¥EAL 45 BR4c#a » FH(S3E Smm &7 kg M4 R

SEEET TS TR RS LU SR UIOFEC
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300
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200

150
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Heat Flux,q" (kw /m*)

50

B 3-7 & 45 Ré4c#w

B CHF
X ONB

—A— S=3mm (Cg=0) [[FA]457% ]

T | 9 S=3mm (Cg=0.0016) [[F=]457% ]
—®— S =3mm (Cg=0.0029) [[F#]45%]
—¢— S =3mm (Cg=0.0038) [[Fi#[45%]

-30 -20 -10

-‘s“m
PORSIS i o TT L i \-!o‘-.-!.oku..'&'m -

0 10

CHF =309.8

CHF =257.1
CHF =236.8
CHF=217.8

20 30 40 50

Surface Superheat, AT (K)(T,ar — Text)

» BFH(S)E 3mm &7 F W4 RS

Ay S

Heat Transfer coefficient, h (k% /m*K)

—&— S =3mm (Cg=0) [[f#]45%]

—0— =3 mm (Cg = 0.0016) [FFiF]45% ]
—®—§ =3 mm (Cg = 0.0029) [Ffi#]45% ]
—#— S =3mm (Cg =0.0038) [{5]45"%]

50 100

AL 45 RAcE

150

200 250 300 350

Heat Flux,q" (kW /m?)
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200
( a) ATsub,gassy =0K

—~ —&— S =2 mm (Cg = 0) [Increase]
% 150 | —0— S =2 mm (Cg =0) [Decrease]

E B CHF

A ¢ ONB

*x
< o0

<
=
F—
§ 50 1
-

0
0 10 20 30 40 50
Surface Superheat, AT (K)(Toan — Teat)
250
(b) ATsub,gassy =10K
—4— S =2mm (Cg =0.0016) [Increase]
200 | —®— S=2mm (Cg=0.0016) [Decrease]

é; B CHF

.:E___ ¢ ONB

* 150
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i 100 1
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50
0
-10 0 10 20 30 40 50

Surface Superheat, AT, (K)(T 0 — Tear)

B 3-9 AL 45 BR4c#e » FH(SE 2 mm &7 kg 4R
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300
( ¢ )ATsub,gassy =20K
o 250 ' | —a— s =2 mm (Cg = 0.0029) [Increase]
E —®— 5 =2mm (Cg=0.0029) [Decrease]
~— B CHF
R 200 | & ONB
=
o
%) 150
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(a8
< 100
(B}
)
50
0
-20 -10 0 10 20 30 40 50
Surface Superheat, AT, (K)(Tyan — Teat)
300
( d ) ATsub,gassy =30K
250 | —A— S =2 mm (Cg =0.0038) [Increase]
—0— S5 =2mm (Cg =0.0038) [Decrease]
B CHF
200 ¢ ONB

Heat Flux,q" (&w/m?)

-30 -20 -10 0 10 20 30 40 50
Surface Superheat, AT, (K)(T oy — Teat)
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300 CHF = 2934
—A— $=2mm (Cg = 0) [1FRI45%]
|| —®*— S=2mm (Cg=0.0016) [[fi*|45%] CHF =255.5

o~ 20T —o— g =2 mm (Cg = 0.0029) [FFiR 457 ]
% —— =2 mm (Cg = 0.0038) [[FH145% ] CHE =23
~ | m CF
B 20 X ONB CHF = 198.1
L
:U‘
= 150
2
4
S 100
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50

-30 -20 -10 0 10 20 30 40 50
Surface Superheat, AT, (K)(T,an — Teat)

B 3-10 *E4&L 45 R4c#a > BRSO3 2mme &7 kb F W4 R

Ay SR

—A— S =2mm (Cg =0) [[FiA]45%]
—0— S =2mm (Cg=0.0016) [[Fi#]45% ]
—0— S =2mm (Cg = 0.0029) [[FiF]45% ]
—— S =2mm (Cg=0.0038) [[Fi#]45% ]

Heat Transfer coefficient, h (kW /m*K)

0 50 100 150 200 250 300
Heat Flux,q" (kW /m?)

B 3-11 4 45 BR4c#e > FH(SE 2mme 27 F §F W4 R

B ld AR
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(a) ATsub,gassy= 0K
100 —2&— S =1mm (Cg =0) [Increase]
o —0— S = mm (Cg = 0) [Decrease]
E “ W CHF
i L 2
i‘% ONB
:01 i
) 60
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= 40
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s
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Surface Superheat, AT, (K)(T i — Tear)
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120 T T —a—§ = 1 mm (Cg = 0.0016) [Increase]
o —®— S =1mm (Cg=0.0016) [Decrease]
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B
= w0
<
5 60|
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S 40t
s
20 1
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Surface Superheat, AT, (K)(T,an — Teat)
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— 160 [ (c )ATsub,gassy =20K
NE 140 F | % S=1mm(Cg=0.0029) [Increase]
- —®— S =1 mm (Cg=0.0029) [Decrease]
R
% 120 | W CHF
- ¢ ONB
o 100
=80
-
« 060
<
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T 40
20
0
20 -10 0 10 20 30 40
Surface Superheat, AT, (K)(T oy — Ter)
180
160 | (d )ATsub,gassy =30K
— | | 72— S=1mm (Cg=0.0038) [Increase]
% 140 " | —e— g =1 mm (Ce=0.0038) [Decrease]
= | W CHF
R 120 * ONB
x
= 100
<
X80 f
23
=60 f
(D]
e 40
20 T
0
-30 -20 -10 0 10 20 30 40

Surface Superheat, AT, (K)(T 0y = Tet)
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B 3-12 4 45 R4c#a » BRSO3 lome 27 kg XA R

T e #l R R £ A A (O) & (D)
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180
~A—S=1mm (Cg=0) [(fiRl45%] CHE = 1684
160 [ | —®—S=1mm(Cg=00016) [(FiH45%] CHF = 1599
—0— S =1 mm (Cg = 0.0029) [{i345"% ]
o~ 140 [ |~ S=1mm (Cg=00038) [[FH457]
E W CHF CHF = 1294
120 X ONB
N 0
= 0l CHF = 1068
=
E 80
=
260
=
40 |
20 |
O I | |
30 20 10 0 10 20 30 40 50

Surface Superheat, AT (K)(Tyar = Tear)

B 3-13 *E4 45 R4c#e » BRSO3 lom 27 kb §F W4 R
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6
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3
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(]
3 .
B —4— S = lmm (Cg = 0) [[fiR1457% ]
w2
= —0—§ = Imm (Cg = 0.0016) [ &I 457% ]
= ~8— S = Imm (Cg = 0.0029) [{Fi#457% ]
5 —— S = Imm (Cg=0.0038) [FFi#]457% ]
== ‘

0

0 50 100 150 200

Heat Flux,q" (kW /m?)
B 3-14 AL 45 R4c#a > FRHOS)E lmm> &7 F F WK i4 R0

B iy SH
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100
( a ) ATsub,gassy =0K
g b A 5=0.5mm (Cg=0) [Increase]
3 —0— S =0.5mm (Cg =0) [Decrease]
~— B CHF
E ¢ ONB
= 60 |
A
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=
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)
-
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0
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Surface Superheat, AT, (K)(T,ay — Teat)
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(b) ATsub,gassy =10K
—A— S =0.5mm (Cg =0.0016) [Increase]
— 80 [ | —®—S=0.5mm (Cg =0.0016) [Decrease]
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E ¢ ONB
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o
b
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<
O
)
20 [
0

-10 0 10 20 30 40 50
Surface Superheat, AT, (K)(T oy — Teat)

B 3-15 WAL 45 B4e#td  BH(S)E 0.5mm> &7 ki R4

BT o il £ 2 #E B oA kd Al(a) & (b)
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120
(c) ATsub,gassy= 20K
100 + —2— S5 =0.5mm (Cg =0.0029) [Increase]
o~ —0— S =0.5mm (Cg =0.0029) [Decrease]
g W CHF
80 F | ® ONB
g
=
%) 60
2
o
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)
20 1
0
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Surface Superheat, AT, (K)(T,an — Teat)
120
(d) ATsub,gassy =30K
. 100 | &~ S$=0.5mm (Cg=0.0038) [Increase]
NE —0— 5 =0.5mm (Cg =0.0038) [Decrease]
~ B CHF
% ¢ ONB
= 60
b
=
F 4
=
)
m 20 -
0
-30 -20 -10 0 10 20 30 40

Surface Superheat, AT, (K)(Ta — Text)
B 3-15 @& 45 R4v#e > RHE(S)E 0.5mm> &7 F g =4
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Heat Flux,q" (xw /m*)

B 3-16 A

Heat Transfer coefficient, h (kW /m?*K)

B 3-17 tE4&
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-30

—4— $=0.5mm (Cg=0) [[f#]45%]
—®— $=0.5mm (Cg=00016) [[Fi=]457% ]
- | B S=0.5mm (Cg=00029) [[FA457%]
—¢— $=0.5mm (Cg=00038) [[Fi=]457% ]
B CHF
X ONB

CHF =843

CHF =95

CHF =114.8

CHF=103.2
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—0— $=0.5mm (Cg = 0.0029) [[f#45%]
—¢— S=0.5mm (Cg=0.0038) [[f#45%]

0 20

40

60

80 100
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250

—A— Open (Cg = 0) [(fi7457%] CHF = 2280
~0— §=3mm (Ceg = 0) [FFA[45%]
o~ 200 | —a—S=2mm (Cg=0) [FFR45%]
E —0— S=1mm (Cg=0) [[FR{45%]
N ~0—§=0.5mm (Cg=0) [[FR145%]
=150 B CHF
G
< —
2100 | CHF =106.8
= ~ ECHF=843
<
O
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0
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Surface Superheat, AT, (K)(T,. — Tet)
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—&— QOpen (Cg = 0) [[i=]45"% ]
—0—S=3mm (Cg=0) [[FA45%]

40 | —B—S=2mm Cg=0) [FHl457%]
—0—S=1mm (Cg=0) [[FA]45%]

—©°—S=0.5mm (Cg=0) [[FA457%]

£
R
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o
<
=
0 20 r
=
o
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0 L
0 5 10 15 20 25 30

Surface Superheat, AT, (K)(Tyan — Teat)
(b)
B 3-18 (a) "MAL 45 R4 #o s MW=<4 AR5 0K(Cg=0)pF> 7

PP BB~ ] e e d S (b) A EE T gt
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Heat Transfer coefficient, h (3% /m*K)

—&— Open (Cg=0) [[FA]45%]
—0—S=3mm (Cg=0) [[FA]45%]
—0—S=2mm (Cg=0) [[Fi=]45%]
—0—S=1mm (Cg=0) [[Fi~45%]
~©9 - $=0.5mm (Cg=0) [[FH45%]

50 100

150 200

Heat Flux,q" (KW /m?)

250

A 4D R4 AFMELRE 0K(Cg=0) > 2 k&

M~ o efpdui® ST il SR
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300
. —4— Open (Cg = 0.0016) [[FR]457% ]
S 250 [ | O S=3mm (Ce=00016) [(fRI457] ey
= ~0 §=2 mm (Cg = 0.0016) 457 ] CHF =793
B oo | | S=1mm(Cg=0.0016) [[R{45%]
~ 9 §=05mm (Cg=0.0016) [[F#]457%]
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B CHF = 1294
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& —0—§=3mm (Cg = 0.0016) [[fAI457% ]
E 40| —o—5=2mm Cg=0.0016) [FfRI45]
N —0—S§=1mm (Cg =00016) [[]457%]
* ~© §=0.5mm (Cg=0.0016) [[F#145%]
= 30| e ONB °
<
<
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=
o
m 10 -
O |
10 5 0 5 10 15 20 25 30

Surface Superheat, AT, (K)(T,y — Tet)

(b)
Bl 3-20 (a) ™AL 45 AR4&cHFe Af WA REZ 10K(Cg=0.0016)

B 2 BN e AR (D) BT T gt
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~—A— Open (Cg =0.0016) [[F#=]457%]
—0—S=3mm (Cg=0.0016) [[F45%]
—B— S =2mm (Cg=0.0016) [[F45%]
—o— S=1mm (Cg=0.0016) [[F45%]
—©—S§=0.5mm (Cg=0.0016) [[F=45%]

Heat Transfer coefficient, h (AW /m*K)

0 50 100 150 200 250 300
Heat Flux,q" (KW /m?)

Bl 3-21 Al 45 R4ce AF WA ARG 10 K(Cg = 0.0016)p >

7 B s B ey SE
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300
—&— Open (Cg = 0.0029) [{Fi]457% ] CHF =275.9
|| —°—S=3mm (Cg=0.0029) [{F#I45"%] CHF =257.1
250 } ~ s 1 CHF =255.5
08— §=2mm (Cg=0.0029) [FFAI45% ]
:.; —0— S = Imm (Cg = 0.0029) [ Ffi#/457% ]
=200 [ | © $=0.5mm (Cg=0.0029) [Ffi#{457%]
% W CHF
T 150
>
=
.
= 100
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)
50
0
20 -10 0 10 20 30 40 50
Surface Superheat, AT (K) (T, — Teat)
(a)
50 3 ?
—4— Open (Cg = 0.0029) [(Fi]457% ] 4
—0— S =3mm (Cg=0.0029) [[F45%] 9
o~ 0 o5 =2 mm (Ce=0.0029) [FFHI45] J
E —0— S = Imm (Cg = 0.0029) [[FiA]45% ]
R —6— S =0.5mm (Cg =0.0029) [[F=]45% ] @
® 30| e ONB ?
o
b
=
m 20 r
=
o
f
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0
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Surface Superheat, AT, (K)(Tyar — Teat)
(b)
B 3-22 (a) "MAL 45 R4c#o i AR5 20 K(Cg = 0.0029)

B 2 BN e AR (D) BT T gt
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= 57T
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2
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S 3 & —&— Open (Cg = 0.0029) [[FA{45% ]
3, ¢ —0—$=3mm (Cg =0.0029) [[FA{45"%]
% & ~0— §=2mm (Cg = 0.0029) [[FH]457%]
S ~0— = 1 mm (Cg = 0.0029) [FfiF/45% ]
5 ~© $=0.5mm (Cg = 0.0029) [[f#457% ]
(O]

m |

0 50 100 150 200 250 300
Heat Flux,q" (KW /m?)

Bl 3-23 AL 45 R4cHe AF WA ARG 20 K(Cg = 0.0029)p >
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Heat Flux,q" (xw /m?)

Heat Flux,q" (g /m*)

B 3-24(a) "EAL 45 R4c#o &

350

300

250 1

200
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100

50

—4&— Open (Cg = 0.0038) [[F#]457% ]

—0— S =3mm (Cg=0.0038) [[F=[457%]
—0— S =2mm (Cg=0.0038) [[H~]45%]
—0— S =1mm (Cg=0.0038) [[H*]45%]
~ 9 S=05mm (Cg=0.0038) [[f#45%]

B CHF

CHF = 3157
CHF =309.8 4

10 20 30 40 50

Surface Superheat, AT, (K) (T, — Tea)

(a)

50

40

30 |

—&— Open (Cg = 0.0038) [[fi745"% ]

—0— §=3mm (Cg = 0.0038) [FFi745"% ]

—0—$ =2 mm (Cg = 0.0038) 7457 ]

—0—S=1mm (Cg=0.0038) {74574

o §=0.5mm (Cg = 0.0038) [[F#]45"% ]
® ONB

-20 -10

0 10 20 30

Surface Superheat, AT, (K) (T, — Tex)

(b)

Fax4 R % 30 K(Cg = 0.0038)

B 2 BN e AR (D) BT T gt
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—4— Open (Cg =0.0038) [[Fi#]45%]
—0—S=3mm (Cg=0.0038) [[F=]45
—B8—S5=2mm (Cg=0.0038) [[F=]45
—9%— S =1mm (Cg=0.0038) [[Fi7[45

%]
%]
%]

—©— S =0.5mm (Cg = 0.0038) [[Fi#/45%]

Heat Transfer coefficient, h (k4% /m?K)

B 3-25

50 100 150 200 250 300
Heat Flux,q" (KW /m?)
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= 20,03 K
q’=22.72 kW/m?* q’=117.29 kW/m?

AT, =2458K AT, =49.14
q”=41.52 kW/m?* q”=228.98 kW/m?* (CHF)

AT, =3051K
q”’= 86.3 kW/m?

W 3-26(a) MEAL 45 R B 4c#ia > F A RE 0 K(Cg=0)>

A fis s ? s R R AR R
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n

q”’= 70.24 KW/ m? q”’= 255.54 kW/m?® (CHF)

AT, =29.95K
q”’= 105.52 kW/m?*

W 3-26(b) *EAL 45 R R icin > FHMEARE 10 K(Cg =

0.0016) » & & fi ~ # ~ B AL E F3 HER R
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AT, =3497K
Q= 178.57kW/m?

AT, =2487K T AT, =436K
q”’= 96.3 kW/m? Q= 275.99 kW/m?® (CHF)
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