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Fig 1.1 Heat Transfer Coefficients Depending on Cooling Technology®
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—J7, KD TR F—EHHEIRDO— D> ThH OMHARA 7 TIL, FHEEIZAEK
2 —E U ERHAT %5, Figl.2 ® 2 [lKERA 7 (2-drum water tube boiler)
PHNLNTND. 2HUKERA 7 OREEL, EEIZRK T A, THEICK RS
LZPE L, TOMZE% < OKELRE LG L o> TWD. KEIZIE, AilHED
AR L BRI E L OUKIMBEEEN DV, KEDNETRA T AKIL, KENS
AT DN KRIT LD B DITRBET A0, ZABEREOM 280 i
DERDREMRIEIZ LV B BN D RBET A DB L0 RA ZKIE, MBS
AR EFESE D, RRIBIS LV KERNDRA ZKIT, KRGREL 2V,

KRR T AL, 285 KT A THAR RA TKIL, DEESNER R T & B



DERRINORAE LTZARKRORMN~MEE SN D, 20 L ) IQiiRIcHiin g

FE D IRRET, MR SR~ DR L 2 M 5 Bl S 2 iREN S & W o . B

g1, BREVIRNESVHEN D H0Y, RA T AROEIMRIENMI LY, KEDFE

HEEN FH UT8E, KEOREXfTX (RXR—0 7o N BNEZAAREMERNH 5.

Z DKRE DBES A & MNFRA LIZEROBGRR 2 [RABGIR & 5 5. IRFBGI AT

Kbl O b g (AT DRI 2 0, m B s D22 B iR O R E T

5. —HRENCITRENBIS IR A B AL, FiROFE, KEDOWNEE, £, 7

7 —NVEFEDORBEZ T, FRIHTLEENLETDHD.

(BN TIE, Z2< OMAEENEHSN TN D, FHEICT +—F

ISR 28R L T 25818, EXumBlds, iEHm A, mANGE KB Gs g

wKER, eV Ao ) <A WL, A ENEH I TWD. 0% <13

=T RFa—TK, T — FOBGHEGETH L. EREICERR Y —E %

BHLTWAEAI, EEKSBEWGD, HANEG, #EKkE, 7107 b—% (I

KA AKINEAGR), = <A, EiEMmAIEE OB AICALE ST

WD, S BIZESHEEZ THEBNCERM L2356, THEE oo Rl i o 7=

AR =F A= ZORHABLETH Y 2257 K m 7 o i HI2EE )

i 2T 6T D, BLED SO L 2#E MU LT, [mBIIR 2 7R < B

THZLIE, HFEICHETHLLEBEADND.



P

Fig 1.2 Model of 2-drum water tube boiler (Marine Technical College)
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Fig 1.3 Pool boiling heat transfer curve®

1.2.1 ®iREMEE
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(ONB)) L 5V, EBEORIEMRAmNLRELIBD LR TH L. Tk, +
S FE U= kg nEEk (Fully Developed Nucleate Boiling (FDNB)) % ~C,
Moc DIREFEGE KR (Critical Heat Flux (CHF)~& B34 5. EHNOWIEEHE O
FEFEIC DUV TIE, Mudawar and Bowers™(Z & - TRl 47z,

Fig 1.4 |2 2 BHEHOREBER S 279, HENOMEIET, REDO RTA7
7 h(Dry Out) & XI5 ® Departure from Nucleate Boiling (DNB)® —ff¥(Z 5y
FaInd. K747 0 boGEE, BIRE (Annular flow), 2 7 73 (slug flow),
eyt (Bubbly flow) 55 &IN5, £ & I13HIZ DNB O4A 1%, Kiaito
HTHERR S D . TRENVBIE D AL, TEM Y7 7 —VEIZ KV 2k T 2 &5
b TWo. FIA4 70 ME, ARFE, KEGR, (&Y~ 7 — Vg, & Ld (&
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Fig 1.4 Heat transfer regions and flow patterns in a uniformly heated tube

for conditions of low high mass velocity flows.®
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CHTHETHDEFTON TS, =27 U M, BRHREROm LS E Oz 2
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MBI Z i L BT 5.
1.2.4 EFMHEE

EREE (Transition of boiling region) 1 Fig 1.8 ® ¢ /25 d DEHIKTH 5.
B ST, FERYED 2 AR TEOIIIRIE 2R U, IRABGTR D & 5
WS~ DAL DO TH % .
1.2.5 [EhEEE

FELE I BV fE), (Film boiling region) (X Fig 1.3 D d72vH e DFHIK TH 5.
FHERZ ERIAIIE TEDNIRE T, AR BAKIAN AT HIRET
oo, BEKRORE L, BRI CTHE> TV HOREMROERRIL, W 70RET

H5.
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UBBAI A BEE AT E (N—=0 T 7 ) 1Wied. 2O XK ) mBEGIE, R

RThHHEBEADND.

1.4 HEDERIRR

ME ORNEIZL DO ERE NIV O0iim STV D2, AED//HS W

MEIX, I =F v or32L{lE), ~4 7 aF v rLSME)HH 0T T ) F v

R VERHE) & EERICETINATRY, AL FA2 I T e L, FIAMARRm
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KOG HEARETH D0, ERIZ LM N A+ DTEY L 0%
HENEOBRERERT — X OFBPNETH L LEZLND. KX TIEZ

DAFEF DRy 2 L, N 200 pm~3 mm @ % 2414 (Minichannels)

>

ST L ETD.

Table 1.1 Flow channel classification scheme

Convention channels d > 3mm
Minichannels 3mm=d > 200pm
Microchannels 200pm=d > 10pm
Transitional Microchannls 10pm=d> 1lpm
Transitional Nanochannels lpm=d> 0.1pm
Nanochannels 0.lpm=d
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mm O CHEE M E 2 AW EL RS a2 % 1 L7=. Shibahara 5

3%, FAEBRBEEVRIZHNEEY 1 mm & 2 mm OFE & 2 VO ELF R T S FiAE B
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$2E RBREERURERERAE

2.1

i
[

ABIFSE T3 B SRR A e BV s i B AL E 2 L7z, Fig 2.1 |2 E R
M%7, Fig 2.1 OEBREER L, AANSEENRIKOMKZ iR S 5 EE
BN 2= U, AMNSERBRIEBIR DR OGO 720 D &7 07 1w Plal
OIS 2 7R U, JEBRECE (20T, RBRFE NS, MEX > 7, A b L=V X 7,
BEEER AR v 7, INEAGR, MAHIZE, EEREIC X FRE DR S 4L, fhichn
JE#R, FEIER, REERN, A AU RBBRENREINTND. BEIIAT LR

LT, EMEHAEIE 2 MPa Th 5. wAUiEIE 200 L/min TH 5.
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I
Pressurizer Rg §_XL_I
| |

Flow Meter -—

Pump

Fig 2.1 Schematic diagram of experimental apparatus
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2.1.1 MEZ VI RURML—DR 079

MEZ 7 KRR ML —UZ o 7 X ETICREL, MEX Y 7NOE —% —
OMBIC LV, WEICxHT 2 ffARELRA LR RKOE 22y ha—L
LT\ 5. KALE, KEGHCHRT D2 ENTE, MEX V7 O Bz
i 24, MEAT 2 Z LIS K VR AT 2 &N TE L. ERRFIL, MEX 7

DOIRE % FH S, 800 kPa [ZHELEREZIT- 7.

mE2>9

AbkL—2
229

Fig 2.2 Storage tank and pressurizer
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2.1.2 aERRKR>Y T

mEfEBR N > 7 (Nikkiso, VNH12-C4 C-3S7SP) I, fxKifi&lZ 200 L/min
TEAMARIED A o 3—2 i EHEC LY, MBRBEBER~O ADfED 2> b
2—/LRHRETH L. ABEE (d) X, R 7D =2z ko,

L DOFEE DN EBPEICPTRE TH 5. FEBRKMOFUERICIHHIE LEREZIT - 7.

Fig 2.3 The canned-type circulation pump
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2.1.3 44 xifdz

TEBRKIE, FEBRBAARTIC A A > ZHids T 30 w A b, 788 - A A Shic&E

R 0.2 pSlem LLTF OH#IKZHWTWD . JEERKOFERESA HE L, N

2

BG M OmAERIZ LY, EREMFOEISHES LTS,

B
¥

Fig 2.4 Ton exchanger

23



2.2 FHERER

Fig 2.5 [ZRBRT 2 ~9 . BRBEEYRIZIE, N 0.7 mm, 1.0 mm, 3.0 mm
D ALERBRE & iz, RBRBEEYAIL, Fig 2.5 OREAEOETICKREL, EToO
Electrode (M) 72DEMATTZ &ICX W ME L. MBGERZ MG 572
HOFRA v F INIZIES 5 mm OFEMZ FeMEAE O MmO RmICT LI
y N CEIRIZATEAT Ue, 3R EURIT, ~—2 T4 MRIZ K » TR —7
Bl 72> B FERICERMICHR STV 5. RERFEEVRIL, THERKOINE L, R

FEEMROYERRERTR Z [RIRFIZAT O Z LN TE 5.
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220
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Flow direction

Fig 2.5 Details of the test section.
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Fig 2.6 Picture of test section

2.3 EBAHZE

EriT, QDA TRIND LI, MBREERICK & & b IcHEBBIERIc &
AT DRENE Q Wimd) & G-z, FERIFGEIZAE 5 R K OFEVAEEIIRE T,
R ZFHI L7z, 7ods, FEBRICRBW L, RBRBEUROIREZLITx L CRlBREE
BUROBESIPIELA AT D03, FEEHIEH > 27 AT L0 HEENIEHBI

RICERAT D L7 4= Ry ZHillER 2 S TS,
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0 = Qoexp (%) 2.1)

5

22T, @Wmd), t(e)LW L, WIHIREER, REH & OREE b5
? e-folding FEfl TH 5. F7z, EHIxHREMRERE A (Wm2K)IE, RATER

SNd.

h=-L=_1 (2.2)

22T, WEZEATRIFHBRREEEARmERE Ts(K) &R FERE TL(K)
(T =Tt Tout) 1 2) £ DFETH D, 708 Touweld, KHORE EFIC L HET
AL BRIMBENE LW ERE LEH L.

FERONWLENRE T XX 707 U v PEHIEIR 2 AW BRI GUE L D ko
7. RBFEEVAROE S S RE ORI T OERM T CTHE L 7L T v

[l 2 IO CHRIE L7z, ABRIEEVYA D FBERES T2 IR O BIFR TR T

Ry = R,(1 + aT, + BT, (2.3)

27



2.4 EERT—REA - REEE

Fig 2.7 (21%, F2BR7 — 2 FHAl - ALPAEE 20k, ARFBROFHA - LPHALE (T,
WHD Y 3w, 7F a7 A4, FHI SRR X OGRS 0 HEs Tk &
, BTOFHIERIE, T o7 CTHE%, Rk 70 o7 EE A/D Z2#
ar (BHHIE 1 pus/CH) 2B LT VANV Ea—FT 4 AT L AIZRRE

ND. T4 AT VA TFR S NI TR R 2 T I LTz,

Heat Input Control Block

Heat Input  Switch

- Amplifiletr
Signal ¥
= > o o l>—> D.C Source

i . .. VI i

i Multiplier !

i Shut off =~ VR i

| Temperature . i

| o[ Comparator J¢——| Divider ["VT |
Data Processing Block

Tttt :

i Personal Computer i L

i D/A AD i Test Tube

| |Converter Converter i Heater

: | Block to

i 17 Amplifiers . Fig2?

i d Illl- \\II i

| " Data Signal '| i

| | 13 Channels | |

| < > \ fod =

Fig 2.7 Measurement and data processing system
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Fig 2.8 The measurement computer system

Fig 2.8 ICEBRTH D NN—Y Fhar va—F, FU L Z—, fargEl iz
EEE, FHIAEGREO T E L T, BEOLENS—Y T a v o — 2
T, BFEOLMNFHIKGEE TS 5.

Fig 29 2% 7V 7V » VEIRKZ7RT. REBRBEEIRIL, FHINCER Liz& >

N7 Uy VRO~ E U TRIADIRE IR W TESH A & Lz, FE5RZ B
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W LIBE AT 2 ERBRBEEAMAOIEE T, EH L TH 7 A7) v PREEOI3IE
Wiz o7z, ZOHEELE Ve, RN OEE Ve, BEiiEH AR ERHT
RsDHIIJEE ViiE, ERMEELRIC L0+ g%, A/D Z#idgs 2/ m LT,
WNRe=YVFNarvta—Z T PHNOEE L TRYIART —Z 0 LT, I
e Veld A — 2 DEAE W R TE AN 5.

_ I(RTXRy—R1XR3)

Vr = Rot R, (2.4)

—

R 2 -::T} __.?‘3 R 2

< R3

| TEST
VR Eg SECTION

j RT

-

Fig 2.9 Double bridge circuit

30



AREBRTIE, ZOIHVEERE Vsl L, R 5 BREEYRDOE XL Ry

BRI,

(2.5)

ZZT, Ry, Ry, R3iE, 77V v VRIKICEBITHEBXSEITHY, 1138
WThH 5. RBRREBIRDFIREL, ZOEGL L b 52 CHIEIRME TRIEL Tk
WP L IRE OGN DR T 5. MBEERORE Q 1ITKX»HRD 5
no.

0 = VRRKIS (2.6)

AR BMR D BTN ¢ (Wm2ITFBRBERE DB T o 2 LW kA TRD B

dT,

q =§(Q—pc$ (2.7)

22T, pkgm?), c(kgK), Vmd), Sm?), KU T, KL, ZhThallk

REMROEEE, B, (R, MR & ORBREBR O IRE TH 5,
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SRR IR O TR PRI L Told FRR 08 B M Rt L 0 StBR R 2
KOTIHRE T, &, RPEBAORERER 0 NOAEEND. T TORRKE

BR DN R DOFHEIL PHOENICS code@(Z L W 17 o 72,

oT 10 oT 1 0 [AOT .
pesr= 1o (150) +7 55 (35) + € 2.8
I T, BERGMIE
oT
q= —Ao| (2.9)
oT
> lr=r, =0 (2.10)
g, ERIMEEOBE, FROEEIMEY AR A .
d’T |, 1dT | Q _
a2zt t =0 (2.11)
T = — 4 L% g C (2.12)
42 22 )
1 To
T, = p” f?‘i 2nrT(r)dr (2.13)
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dar
dr

q= —A

daT
dr

r=ri

=71

qri
TS = T(ri) = Ta — m X [4T()2 {T‘OZ (
i

Tg, = T(ro) =T,

i (r} = 2r¢inr)

- 2(r¢-r?)a

2
qriro

— (rg-ri’)e

2r;

1
lnro - =

(2.14)

(2.15)

AUBRIE B D PIARIER 1R L K O MR R TR 225K D 7.

Y-t~

(2.16)

qr; 1 1
~ag < |48 i (1 =) =t (1 =3} =3 =)

— Z(rg—riz))t(l —2Int,) (2.17)
C=T,— m X [47"02 {roz (lnro - %) —r? (lnri - %)} — (rg — r{‘)] (2.18)
22T, Ts(K), Tso0K), A(Wm'K), ri(m), r,(m)i¥, ERFEEGRNMIZEE

AL,

SBR R EMESMU R IR, BVRER,
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FIFE  HEZAV-BIERE X RBRE

3.1 HEZ AL =REREMEECDONT

HORBEER DKERA T, SN OMERE ORISR — T —, T4 —E /L
TV DE T —T—, WMEKRDO 7 — T —, mitiEa s Ba— X =%l L
TOREFEIEOMEANCIE, FHENZ ANHATND. £ < OmAIZEE OB
RIZITHLD NP2 5 I m AR (K - THK) LRSS TWS. iz,
AN DL A = Z FOIZH HE ONEIARBRED 720, A U T —7 Z A
L7e AT — LInEVE OB, Gl S AR EH BRI IR GBS AT D,
M A8 oD B KR it 9 i) %F 3t B 12 W2 B 9 2 W SRR 3013 % $d v, Dittus and
Boelter® o ¥ & (254 2 BMR M BEANEL TH 5.

AR O8I LA O LI X v B igs i3/ VL, mtERE k2 g L. &
D/NSVHEL, I=F ¥ o VEE), v A 7 T v RV EHE) H D
T Fx RV GERGIE) & EERICMEEN TR Y, (AL FEIILHEL, b
TARR =R ERSETHIEREZED TND. I biE, NUBALHER, &
B DA, MDAt S IR I T 5. M 2RI L7 8sg
s DALBBL R 2 R T 5 72 0121%, BB BVRIEIC KT T B 2R

DMENRDD. KT, PR3 mm LT OME TIIIERDOBMREM AR 3. 4.5) L
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(T2 5 BB 2 R 2 E B EOHIEMREH ST\ D. IS AL
T=WFZERR TIE, Adams 5O@1%, LA /L X% 3200~23000 DOHiFH THEEN
0.76 mm & 1.09 mm DOfE 2 HV>, BARROKDIREAFER 21T > 72, BUniERR
BAHINT 20, JEBEBKRE L 2D, BURERIE OB & JE BRI DA

TFUANEITHDL I LEAREL TN,

3. 2 BIESE K REMRECDOINT
EPEERMRIEIZE T D505 L & L C, Sparrow and Siegel ™73, F4& N D E

JEFEMnEI B L CEIR 2 2 7 v 7RISR L S #T LR L7, Siegel®id,
PATHREE I OV TN, 2T ZHRNKREBOMIED, BEINTZI AT LAOARE
H) 7o W PR 25 B 22 B 5 20T L7228, BUEARNTHE RIZR T AREN & - 7. Fakoor
50100, M & N O i mR il e B s 12 2 INEMRE#] 2 & OB R 250 ~, R
DZEfH RO L LT, HEEFE X v MIE SR DBENRBUSE LT
W D7D DFERT — 2 Lo HiEEZREL, EBEMMRZERO XL ML~
— U =& Lo, Kataoka HMWIE, FEMKIZIR 5 /KO Ui O 1 R #EH
LUITHOWT, FEEERECRITINEN T 2 AR BVAIC RS L CI~~7z. Liu 502 13 14,
BNE, ~UULHACEAT 2 MERSEICEA LT, Pk R Uiz LTl
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% RERAICF T,

Shibahara 50D/, RERREERICHNEY 1mm & 2mm OFEEMEZMEH L

7=, LA JIVAELH 4770~91600 D 7E F M O R il 6 it BMm 22 12 DU C 3B

HICER A, SNEICH 2 E & il it 2YnzE OBz Ea H L.

LALLM bR E IS D328 H 525, ME Bmm LLT) O

HAERICR T 2l EBMaE 2 B2 Lo T, EEHEOMAHRY IEFIT DL, %

PR G EE N OVRIE O 2L, SRS O N SN TV R WVWONBIRTH 5.

AWFZE T, N 0.7mm, 1.0mm, 3.0 mm OFE ZRERBEURICHV, B

SRS LAV B L CHBRAVICHHI L B2 T 5.
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3.3 EEREMH

EBR % Table.3.1 127”77,

Table.3.1 Experimental conditions

Heater Material Platinum

Fluid Pure Water

Inner Diameter 0.7 mm, 1.0 mm, 3.0 mm
Heated Length 12.0 mm, 40.9 mm, 32.7 mm
Flow Velocity 2.5~7.5m/s

Inlet Pressure 645~858 kPa

Inlet temperature 300~357 K

e-folding time 33 ms~33 s

3.4 Fe-folding BfElICxt T 2 HBREDEL

Fig 3.1 1%, flix @ e-folding FFICH I DR Q 2~7. Figd.21%, fx
O e-folding FFRNZ I 1T 2B ¢ Z 773, Fig3.3 1%, Hix @ e-folding FFfHIC
B 5B ERRmIEE TsZ~7. Fig 3.1 — 3.3 XX, e-folding FFfHA
100 ms D6, FEEEIERORER, B, BRI EVAR L O LA 2R
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<, e-folding FFfHi2% 2 s DA, FREBAECIROIEEER, Bgnd, wBRIEEMAR m
BED BNV EED. K72 T, efolding Rl =23 E 5 Z &iC

£V, ERAMmELCEEMEEZ RS EER L.

25 — —— T
i Inner diameter of test tube 1.0 mm
| Heated length of test tube 40.9 mm
| - =100ms Inlet liquid temperarture 297 K+5 K
20 | Inlet pressure 792 kPa*7 kPa .
Flow velocity 7.5 m/s
-~ - t=1s =9
g 15 | I T
= | ]
/
z j /
S / !
~10 | ] / ]
" O , ’
| /
/ /
/
51 / , :
/ ,
’ 7
o/ - -
O ‘-/ o — \— ! !
0 2000 4000 6000 8000 10000
t (ms)

Fig 3.1 Typical changes of heat generation rate Q with the passage of time

at various e-folding times
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1 5 T I

Inner diameter of test tube 1.0 mm
Heated length of test tube 40.9 mm
Inlet liquid temperature 297 K*+5 K
Inlet pressure 792 kPa+t7 kPa

Flow velocity 7.5 m/s

—
(e
!

| £ =100ms

q (10° W/m®)

(9]
I
~
~
L

0 2000 4000 6000 8000 10000
t (ms)

Fig 3.2 Typical changes of heat flux ¢ with the passage of time

at various e-folding times

550 ——m— —
[ Inner diameter of test tube 1.0 mm
Heated length of test tube 40.9 mm
| Inlet liquid temperature 297 K+5 K
5001 Inlet pressure 792 kPa*7 kPa |
- Flow velocity 7.5 m/s
[ 1=100ms
450 j T=1s T :‘28 —
2 ! '
\-/m | ’ /
= - ) /
400 / , ]
| ’ /7
i / /
| ' /
350} ’ .
| /.
/7 -
’ ”
. -
300 e — ! ! !
0 2000 4000 6000 8000 10000
t (ms)

Fig 3.3 Typical changes of inner surface temperature 7s with the passage

of time at various e-folding times
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3.5 HEE - iR - HBRRMARKREREDOHE R

Fig 3.4 1%, FEE Q, BTN g HEUKKRMEIRE Ts, LW ¢ & OBMRE
Y RBREBNAE d1E 1.0 mm, ARBRFEEYRO K 13 40.9 mm, JitiHIE 6.8 m/s,
e-folding W13 917 ms, FREREA Q11T 794 kPa, 3B A DR IX 301 K
Td D, FERORGEIIR LT, FEE, SRR, K OFEEMANE HikE 2 85
BRIZEA L TWD Z &0 s. RBRHOBEBRD FAHEZZLIEDL 2 L
2k, EEEMRE, RERMREEEERT LN TED.

Fig 3.5 I[ZERIR g, PUBRFEEMRIRELZE AT, K OBl BVmZ /i A (AT
RN 20 K LA EOHIPR) DR ¢ & ORfREZ T, BEREBNE di 1.0 mm, AHR
FAROE X103 40.9 mm, FE#HIT 7.6 m/s, e-folding FFl] 71X 10 s, FBRITA
771X 794 kPa, sBRELA DR IX 301 K TH 5. Bl ¢ o EHIZx LT,
AR EAVRIRE 2 AT, fREEIERIC ER LD R, BVRERE A idd L

DLEHLRSTWNEZENRED.
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Q (10° W/m®)
®» © o = o

q (10° W/m?)

| Inlet pressure 794 kPa /

! Inner diameter of test tube 1.0 mm p

Heated length of test tube 40.9 mm !
Inlet liquid temperature 301 K

Flow velocity 6.8 m/s /

| e-folding time 917 ms /

1400

T (K)

1350

0
0

Fig 3.4 Typical changes of heat flux ¢, heat generation rate Q, and inner

3000 4000

t (ms)

1000 2000

300
5000

surface temperature of test tube 7s, with passage of time

140
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q (10°W/m®)
AT. (°C)
L

&

D
()

I
<)

20 |

| Inner diameter of test tube 1.0 mm

- Heated length of test tube 40.9 mm <
Inlet liquid temperature 301 K X
I Inlet pressure 794 kPa )
- Flow velocity 7.6 m/s <&
e-folding time 10 s %O
@
hoO g 0
q 0O o O
AT O o O
L $ o
L]

o o o
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!
()]

!
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Fig 3.5 Typical changes of heat transfer coefficient A, heat flux g, ATy,

t (10" ms)

with passage of time
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3.6 HERDETRHIx RN & DLLE
Fig3.6 & Fig3.71%, B g LlBREEVRILEE AT, & OBz =Y. 52
BRAE RIIK P O TR AR OHEBARITIE D720, FMITR LTS, %
B DR AR DY TIR A FRE T 720 R ML, £ LT, BRI D
LA VA Re, XEN NI Nu, ROT'T v bV Prafli Uiz, &R0
BOFRERXZ TRIOR LT 5.
LA VR

Re = pud (3.1)

ZIT, opou d op 1E, BE (kg/md), WK (m/s), RERFEEKNE (m),
KR (Ns/m2)TH 5. LA V25T, SLCER OB A S h s
BRI TH .

Xt

Nu = — (3.2)

ZZT, h d A 1E, BMAESEE (Wm2K), RBRBEEERNE (m), BREER
WmK)Th 5. Xt/v M, i X 28URE L A OB ED R Z RS

BRI THD.
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VA AR VIZ

pr=2% (8.3)

ZIT, ¢ p iE, B Jkg K), BMERE Ns/m2)THDH. 770 MK

(3, BB 2 EO R T TH 5.

ek DBYnEMB Az TR T

Dittus and Boelter®

Nuy = 0.023Red8pr04 (3.4)
Hata and Noda®
B 0.85 .04 (L -0.08 N 0.14
Nug = 0.02Re$®Pro* (%) (MW) (3.5)

* Inner Diameter : 3~9 mm

* Flow Velocity : 4~21 m/s

Petukhov®
— (f/2)ReqPT
Nug = 1.07+12.7(f/2)1/2(Pr2/3-1) (3.6)
f = (3.641l0og,o Rey — 3.28)72
Gnielinski®

(f/2)(Req—1000)Pr
1+12.7(f/2)1/2(Pr2/3-1)

(3.7

Nud =
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+ 2300< Re<5 X106
Adams®
D 2
Nu = Nug, (1 + CRe (1- D—O) ) (3.8)

* Nug, = Gnielinski correlation

- C=17.6X10-5, D,=1.164 mm

Fig 3.6 1%, 3ABHNEEDY 1.0 mm, i) 6.8 m/s, e-folding WFff73 917 ms,
AUBRESA A L1725 794 kPa, FRERHBA DR 301 K O5E OB E AT, &
DEMRZ R, BUTRT X 918, AT, D EFITx L TEVER g D FRIIS AR
FOEWZ ENRD . FEBREERO ATLH 50 K TERK g Dfilx, Dittus and
Boelter@DAHBIA & W ) 34% iV MEZ 7R L, ATp 2% 100 K TEURIH g 2347 456%
EVMEZ R L7, BAiER g 73 Dittus and Boelter@ D FHBAR L v &\ E 2 798
L, P 1.0 mm OMVCNEZEHNT 5 Z LIk, shiBvsEs et S
MHTEEZEZLNS. RO 1 2L LT, MERBRERmICHEET B85
R DD, BE I C oo L Ao, BUTHRDPEWVMEZ R LIZEEZDBILD.

Fig 3.7 1%, BRI NEE2Y 0.7 mm, it 7Y 6.6 m/s, e-folding RFfE]72% 941 ms,
BRI DEY) 818 kPa, fABREIA MDY 310 K DIGA OB & AT, & D

BtRZmd. AT, O EFICK L TR g O LRI RES AR L v IER
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CEWZ EVHIB LT, ERFER LY, AT 250 K OB4A, BRH g OE,
Dittus and Boelter@ ®DAHEIA & 0 ) 7T0% =V MEZ R L, ATL72Y 100 K DA,
B R g 1389 86% M MEZ R LT, ZHuD OFBRFERIT, REBRIBERDONEN
0.7mm EPEROMIFE Bmm LLE) XV M< o7z Z L2k, MERAEER
AN RS 2 B8 B U8 O 28 Y, WD Imm OBE XV BHEFEIZ o7 &
S, BURR A EVMEZ /R LB bND. £, BREEROR S8 12mm
T Ud RBERRRS L ERBREERNE dO) 28171 TH 5. LLErD

NEEDSHI R, D3R D JR A BB A B U & 0 BUR R 3 m < 72 D Z & 3 HEHY

SN5.
7
10 r ‘ —ee i
| Inner diameter of test tube 1.0 mm '7
- Heated length of test tube 40.9 mm ;%
- Inlet liquid temperature 301 K ,,'7
L Inlet pressure 794 kPa VA
| Flow velocity 6.8 m/s 7
e-folding time 917 ms -
A~ Y
(o] K 4
= 74
~
>
[=p
Experimental data
6 -— --Dittus - Boelter
10" | (1 — — - Hata - Noda
2 / ----- Petukhov
. % ------ Gnielinski
/' ---------- Adams
Db ‘
10 100
AT (K)

Fig 3.6 Comparison between forced convection data and the previous

correlation of forced convection heat transfer (1.0 mm)
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10° —_—

| Inner diameter of test tube 0.7 mm
[ Heated length of test tube 12.0 mm
| Inlet liquid temperature 310 K

| Inlet pressure 818 kPa

[ Flow velocity 6.6 m/s

| e-folding time 941 ms

)
7
E 10" | /
~ ‘/'l;
= .’ //' .
| Experimental dataj
-— - Dittus - Boelter
— — — Hata - Noda
______ Petukhov
...... Gnielinski
| 06 .......... Adams
16 1000
AT (K)

Fig 3.7 Comparison between forced convection data and the previous

correlation of forced convection heat transfer (0.7 mm)

3. 7 ELiFR5E xR EEE DB BnE
Fig 3.8 - 3.10 1%, BMnEREL A & e-folding Wil 7 & OBfR%Z <7, Fig 3.8

X, FRBRIEEVA AN OTREED 318~321 K, Uit )Y 2.5 m/s, sABRENEEA 1.0 mm,

-

% e-folding FfEIIC 1T 2 BMnzEff 2”4, ATLIZ 30K, 40K, 50K, 60K
TH5b. Fig 3.8 T LIS, ATLHARE R DIT EMnEREN R E IRfE%
9. ETz, e-folding B2 2 s KV R DTV, BMREREDNIRE 7
DA 2R Lic., ZhUd, IRESIREDE S, BEYRD T <EFICRIT 5158 s

BNERT DL ozl tEZ NG, ZOBRBIL, AT, Z L OETDR
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<, FEEOEPITHD. ZORERLY, efolding FFENHK 2 s K 0 EUVEIED

BRI A IBERMRE L Y, K 2 s DL EO—EOMEICHNE 3 5 fElk & 1 E F VR

Fig 8.9 1%, #HBGHANED 1.0 mm OLGEICEIT D, BURERIUC KT I EL
HEFHE ORBASIEIN L TORT. ARREL 319~32TK THS. e
folding WFfi]2 2 s LA L O YEE H BV EIIC 31T 2 B2 8, JiE2s 7.5
m/s THJ 6.9X104 Wm2K, 5.0 m/s THJ 5.3 X104 W/m2K, 2.5 m/s THJ 3.1X
104 W/m2K & 72 o7, N 7.5 m/s DA, e-folding FEf 23 K & W45 L/
SWIGH & OBREREOLALRIL, D7RnDs, JitiEDs 5.0 m/s DA, e-folding
IFFR 23 K & WG H L /NS WG & OBUREREBOERITH 16%Em =25
EH U7, 3R 2.5 m/s DA, efolding RN KEWIGE /NS WGE &
DEURZEREL DO ZEALZRITH) 53 BRI B LTz,

Fig3.10 13, P45 0.7 mm OEAITHT 5, BMGERIIC RIETREE LT

51
K

DB LW IZ L CORT. AQIRAEIX 300~314K Th 5. REREINER

LOmm DFE LT 5 &, BiEIIST 2BmEREDS &S W2 RS . B

TE AR COBVEERENY, WE 7.5 m/s TH 8.0xX 104 W/m2K, 5.0

m/s THJ 7.3X104 Wm2K, 2.5 m/s THKJ) 4.5X104 W/m2K & 72 o7z,
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10° S
I AT
i O 30K
[ O 40K
i & 50K
A 60K
o~ |
2| Ba ..
&
g i & g & g é
= o o &
~ O
-
| Inner diameter of test tube 1.0 mm
Heated length of test tube 40.9 mm
Inlet liquid temperature 320 K £ 2 K
Inlet pressure 740 kPa = 5 kPa
Flow velocity 2.5 m/s
104 ‘ ‘ 4 5
10 100 1000 10 10

T (ms)

Fig 3.8 Heat transfer coefficient at various e-folding time (d=1 mm)

Inner diameter of test tube 1.0 mm

Heated length of test tube 40.9 mm

Inlet liquid temperature 323 K = 4 K

Inlet pressure 765 kPa = 30 kPa Velocity Re

AT 50K )
A 7.5m/s 1.3-1.4% 10
O 5.0m/s 9.2-9.9%10° |
O 2.5m/s 3.8-4.4%10°

107}

) A
Né 4 AAAAAAAA VNRVANRANUN
§610, =
< . Ugbollh o oo o
O
i (@)
| Oooooo 0o 0 0O
2104 ‘ : T 5
10 100 1000 10 10

7 (ms)

Fig 3.9 Heat transfer coefficient at various e-folding time (d=1 mm)
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Velocity Re
A 75m/s 7.0-7.9% 10°
O 5.0m/s 4.9-58%10°
O 2.5m/s 2.6-3.2%10°

—_

S
[
I

h (W/m’K)

O

O

O

[}

J

O

0>
0>

@]
(©]
(@] ® 7

Inner diameter of test tube 0.7 mm
Heated length of test tube 12.0 mm

[ Inlet liquid temperature 307 K = 7 K
Inlet pressure 832 kPa = 27 kPa

A T, 70K

2 10*

10 100 10° 10* 10°
1 (ms)

Fig 3.10 Heat transfer coefficient at various e-folding time (d=0.7 mm)

3.8 EEX I MIEIEEEXIL ML
FEREL DN K O e-folding B[] 23 B 70 2 K- FEBRFE R4 L3 5720, Frod
77— x4 Fo % HWERT — X DELREITH 7=,

at

Fo = = (3.9)

ZIT, a 1 diX, BJEERE (m%/s), e-folding RFfH (s), FRERFELNEE

(m)TH 5.
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Fig 3.11 1%, BEEHAEN 1.0 mm OHAIZB T D LA VA Re % /3T A
—& L LTz, XB/V M NuE 77— 8 Fo DRk ZRT. Figd.11 IZRT &
T, LA I VZERE WS, XL MIUTE L, LA L ZEDMEWRE,
X MUK 72 5. 7— U ZHORONEL T, 7— U =B/ hE< 251
EXvN MO EFMEAN R LND. ZOMEANE, LA S VAN SWDIEEKR
ELRDENRD.

Fig 3.12 1%, ABAEFANEL 0.7 mm OBFAITEBIT DXL MMk 77—V ¥
OERERT. 7=V =N 0.1 EFE L0 /hS < RDIZoh, X' NS ER

TAHZENROND. 7—UZHN 0.1 TELY EWVEETIZIZIE—ETH 5.

1000 ———————r————r
[ Inner diameter of test tube 1.0 mm
[ Heated length of test tube 40.9 mm
| Inlet liquid temperature 323 K+ 4K Re
Inlet pressure 765 kPa = 30 kPa 4
[ AT S0K A 13-14 %10
L
I 0 92-9.9 x10°
O 38-44x10°
2100, %éAAAAAéA VANV N
g. U obolm o gooo
© O
©%0® 45 0 O 0O
10 L L L
0.001 0.01 0.1 1 10

Fo

Fig 3.11 Nusselt number at various Fourier number and Reynolds numbers
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10’ —————

Inner diameter of test tube 0.7 mm

Heated length of test tube 12.0 mm

Inlet liquid temperature 307 K&+ 7K

Inlet pressure 832 kPa &= 27 kPa Re
AT 70K A 70-79 x10°
O 49-58 x10°
0 26-32x10°

=

O OA A gAAd o 5§ & A ]
© 0
© 0 0%00w o o 0 o
10.0 ‘ ‘ ‘
0.001 0.01 0.1 1 10

Fo

Fig 3.12 Nusselt number at various Fourier number and Reynolds numbers

Fig 3.13 1%, Fix ORI ENRIZBIT 2IEET XL ML Nu L EH X
T NI Nug DS, 7=V 2B OBARICOWNWTRIRE L ST A—F L LRL
7o V2N 7.5 m/s LD 2.5 m/s DA &g L7284, s 2.5 m/s @
THy, 7=V g Fo DIRTFIfMED, FEFHX BV ML Nu & EF X /L M
Nug DO EFFERENZ EWNRD. ZOFEND, IEEH X/ MLD EHIX
TP ELS DI EEmL DT EDRD.

Fig 3.14 & Fig 3.15 1%, Fix ORBHHE NI T 2 IEEF X&/LV ML Nu

ETEFmA VLML Nug ObE, 7— U OERE/R L7=. Fig 3.14 IXIHED
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I Inner diameter of test tube 1.0 mm
Heated length of test tube 40.9 mm
Inlet liquid temperarure 323K £4K
I o Inlet presuure 765kPa £=30kPa
1.5 | o AT =50K ]
L
[ (@]
2 @)
-
z =
S 1| Faew
z 1T BB g @@ ed -
0.5 Velocity ]
| O 7.5 mds
O :50m/s
O :25m/s
0 ! ! !
0.001 0.01 0.1 1 10
Fo

Fig 3.13 Ratios of Nu and Nus: at various flow velocities

5.0 m/s DA T, Fig 3.15 [TWHE 2.5 m/s DIFETH S, RBBEAIRDONE
2 0.7 mm DA, FEEF X'V MLEER X/ Mk OO ERER MO
BEROLGE LR L TREL Lo TND I RS, £io, EBRBEERO NN
3.0 mm OHE, IEEF XL MIEER XL ML E OO EFRRMUOEL
DA LB L TORWZ ERNRD. 202 &0 n, FENE LT, RBREE
EORNED/NEWE I N, 7=V 2O FITKT 5, X'/ MO EFHFERK
XN EDRRD.

F IR EIRONED, 3.0 mm DAL, HEROTREI RSB XU
WEBRT — X 255 2 LN TEEN, HBEEMAONES, 1.0 mm 0.7mm &
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2.5

IR toT T toT T
[ Inlet liquid temperature 323 K =5 K
[ Inlet pressure 799 kPa £43 kPa
i Flow velocity 5.0 m/s
- AT = 30K 40K 50K
2.0 1 8 ,
| Inner diameter
| o A 3.0 mm
| O 1.0 mm
= | o O 0.7 mm
z 15| ]
= - Q
4 I g0
| A g
1ol Ao A g% ]
0‘50 L L L L
0.0001 0.001 0.01 0.1 1 10

Fo

Fig 3.14 Ratios of Nu and Nus at various diameters (5.0 m/s)

I Inlet liquid temperature 322 K = 5 K
[ 0 Inlet pressure 735 kPa == 90 kPa
25 L Flow velocity 2.5 m/s |
- AT 40K 50K
O
2.0 - o .
b3 i 0 5
15 [ O O @) ]

i LD @)

| % . O O@o
1.0%§A g@ﬁ@%&%@% g B m

[ Inner diameter
0.50 - A 3.0mm ]

Nu/Nu

O 1.0 mm
O 0.7mm
0‘0 | L L L
0.001 0.01 0.1 1 10

Fo

Fig 3.15 Ratios of Nu and Nus at various diameters (2.5 m/s)
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INE L 72 BT o, FEBRAE ROk OMEIREAHER & OENHA BT, At
Fe i, RBREEURONEN 200 pnm~3 mm DFEE, MEL L TERLT
WDM, BNEOERGERZ LIk OEEIRTHABERE OEN R LN D720

NEDZEICEA L THHRBZ I LIEMER RIS, BEEEEZLND.

3.9 &

T2 DR, e-folding W] K& OME 4 #IE ORBRFE BRI BT 2 EH KON TE

Z

BMATEREICB U CERIICIHA . RO TR BV EZMHE B & FEZRT —
Z L DEREIToI.

RBRRBIR DO NEDBMNE L, BVRERED @V ME £ 3 F2BR R A 1572

F 72, flix D e-folding FFIZxT 2 BURZERBDZEIZOWT, e-folding IFF
IO FICHEWBMR AR T B A3 M3 2 b7z, e-folding KK 2 s
FFEERIC, 2 s U EOMERAEEFEIMRES L, 2 s L/ WEIRZ L
RELTHZ N TE.

SHIT, XN MU RET 7= 2RO BOBREER L. 7— U o
WINEL IR BHITONT, HFEFH X BV ML ER XL ML DO NulNuse 75
ERFDZENEoT ZOMIAE, FORMEVIEE, Nu/Nuse HREL 720,

7] COE TIXNES M 22 213 E, NulNug BDREL 0D Z LB T2,
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FAE HEZXZHV-BEREHEE

4.1 EDREHBEIC DT

I 2 OB X, IOz T7T —a 5 v g —, @bt/ PC o
HHIRZ L OMERIZHONTWD. FEEMEFDO X A N—FEHTIX, 10
MW/m?2 Z 8 2 5 =BG K ORI TH 5. B mE T R H LS &
HPHAE LTGE, BREVET OREIRE IZIEFICHE T LS L, (AR OBE
ZffZ (Burnout) |ZE 5. MEEMZREmIELE D EHIX, WEREIBIEEVRE
ol EE 2. WEMENORBIPKIERIT, Z< OMEHFICLVIAHESL
TW5. L L2RRD, EEMENOBIERBIBERECE LT, JF9eH
DT R ST R DERI R Z 0.

TRENBIEE AL, MEEOBNNTHE, BEHIRREIE N T 5. EEIE
G, AR EMAE, B4 (Incipient Boiling or Onset of Nucleate
Boiling (ONB)), +%3%5E L 7= EfEE (Fully Developed Nucleate Boiling
(FDNB)), FRAEGEH (Critical Heat Flux (CHF)) ~ & 24k L4 & (25 L CTHF
ZEMED B, Z< OHBERXNEE H SN TN D, EIFBIEEL G IR B KUK
OB Z D ToDBARBI R ORRME A, & TR 5 2 13, b

B HIEE DR REIED D, EFICEETHSD.
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7o, BRBPEIOZOI20E, RABRR (CHF) OfELL T ClElsd 5 2 &3
HETHD. RABGEHK (CHF) 13, WEEMRETHEIT 256 0, EiiL R
RThHDHEEROVEINE L OFRFIZEIVIASTHAES N TS, W, MEZHW
7= PERR B HR (Transient CHF) (2B LTI, REDH 5 E T T 5. #i

EOH 3 HTIE, MBRFEBRITHE 2 Az Essibile it Bz B L CRiA

ARETIEEICEBEER AR (ONB), +0I2%E Lo Ziblgiisk (FDNB) (2
BAL TERMBRAZTRL, WEROMEAR S EBRFERA KT 5. b ISEH 15 5
(ONB) & +4ric g Lo ibligsik (FDNB) OMBIRIE, #EROAEE (3 mm
LLE) 7 — VO FEAER CTH 5 DT, TEME 2 A\ 72 AR 70 R it
EEpS I BT 2137 <, REWRANREZ L SANRMENRLETH D &
BEZADND. O, FEEAE ITHEBBIECRITME L, REPhISIE AR
EERCAET 5. 20 1T, EBAEREZ bR S (ONB) O Ic sz L
I (FDNB) Ok E iz L, 4 e-folding FEEICxY 2[R

HEGEHR (CHF) KO MIEHRGA (ONB) 2R LERT 5.
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4.2 EEHER
Fig4.1 & Fig4.21%, K Q & RlBRBEAANMIEE Ts , RERREBAY)
T Th Z2WER ¢ LR Lz, EBREE R OB EE ERRIITRoK

WX omREn5s.

Q = Qpexp (E) (4.1)

ERRowHAERE Q,, e-folding B4 ¢ T~ L7-. Fig4.l OFEBRSM:
I%, e-folding FE[IAS 10 s, ALIEEED 304 K, ARJESMK 853 kPa, i
4.0 m/s TH 5. Fig 4.1 OFEBRFEERNIZE HIRE & SRR BRI L,
919 s ETREBSERIC LR L, 20k, WE EARIINEL D T,
Fig 4.1 ® 19 s OFEFT» LN (ONB) L7c7290ThoH B2 LN
5. KBS BIAA RUTIE, BB AR 9 IR & KUK~ DFZEIT K 2 2K FE
Bz X0, BRI EVAORREVF A3 b LB BV P26 h LS & SRBR S B
RPEERRED FHEN NS LS ol bEZBND.

Fig 4.2 OEBRSM1E, e-folding FFREIA 1s, AHIREN 309 K, AQEN
#7816 kPa, #ii#H/S 8.0 m/s TH 5. Fig 4.2 DRERFEEAPNIZ HEIRE & 5k

FERVEIIREEL, #4800 ms F THEBEECINIC AL, £0%, EE EFR
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4 L L B L B 600
[ Inner diameter of test tube 0.7 mm
3.5 [~ Heated length of test tube 12.0 mm Q 550
[ Inlet liquid temperature 304 K ]
3 |  Inlet pressure 853 kPa
[ Flow velocity 4.0 m/s
m’; 25 [ e-folding time 10 s {500 -
z <
= 2 F {450 =
S =
<o T 1 400
LE
0.5 i 1 350
. n [ 4
I ~
O N . 0 ! ! ! 300
0 5 10 15 20 25 30

t(s)
Fig 4.1 Typical changes of heat generation rate (, average

temperature of the test tube 73, and inner surface temperature of test
tube 7%, with the passage of time

CHF

| Inner diameter of test tube 0.7 mm
| Heated length of test tube 12.0 mm
5 |- Inlet liquid temperature 309 K Q 4 550
[ Inlet pressure 816 kPa e
L Flow velocity 8.0 m/s /
~ 4 | e-folding time 1 s 1500
B T l/ - )
: I :
T =
< 3 /i 1450 &=
> /r .
o I, o
Saf Y 1 400
/
i /4
: s
1L & 1350
- >
7 -
| Py A e ~

0 . ! ! ! !
0 1000 2000 3000 4000 5000 6000
t (ms)

Fig 4.2 Typical changes of heat generation rate Q, average
temperature of the test tube 7, and inner surface temperature of test

tube 75, with the passage of time
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&< 2%, X, Fig 4.2 O 4800 ms D& WD BALE (ONB)

LiclicwThdreEZBND.

4.3 #%;%EEAA = (ONB) & PR R #7 5 (CHF)

Fig 4.3 1%, BUGHK ¢ &RBREEYAREIEE S IRA TFRIREDZE AT, (= Ts-
T.) % UT-. Fig4.3 ODEERSMIL, e-folding B2 5s, AHEE2 306 K,
ANOES ) 842 kPa, JitlAd 6.4m/s THhDH. ZOKTIE, EBRERE Fieo

sRHAAR B A & i L7z,

Dittus and Boelter®
Nug = 0.023Red8Pro4 (4.2)
Hata and Noda®

Nuy = 0.02Re:85pro+ (g)_o'o8 (ﬁ)o'14 (4.3)

« Inner Diameter : 3~9 mm
* Flow Velocity : 4~21 m/s

Petukhov®

(f/2)ReyqPr
1.07+12.7(f/2)1/2(Pr2/3-1)

(4.4)

Nud =

f = (3.64log,o Rey — 3.28) 72
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Gnielinski®

(f/2)(Regq—1000)Pr
1+12.7(f/2)1/2(Pr2/3-1)

(4.5)

Nud =

Fig 4.3 Tl%, BAFHRHK 107 W/m?2 T FBRE AN SR B2 & i <
WD ZEWRD . UL, T ORI BP0 ARG (ONB) LTS 2
IR VBRI BH LI Z ERHERITE 5. 2%, BRI 2 e i K
3x107 W/m?2 CIRAZGE R (CHF) (ZEET 5. BRAELE o L5 BVAR 2 i i

D _EHNEHAE - T-.

10* p——————— S

- Inner diameter of test tube 0.7 mm

| Heated length of test tube 12.0 mm

L Inlet liquid temperature 306 K

L Inlet pressure 842 kPa

| Flow velocity 6.4 m/s
e- folding time 5 s

<«— CHF

Ng 7 ,
a 10" | (7-/ONB |
~ s
< /,2'/
2 exp.
data
42— ——
“3) ——— -
@44)-—~—""""--
(C3) I
10° ‘
10 100 1000

ATL(K)
Fig 4.3 Comparison between flow boiling data and the previous

correlation of forced convection heat transfer
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Fig 4.4 1%, S iEICk3 2 RABER q & RIBEE AT (=T Toar) O
BfRZRT. ZoR»G, EBFEEREE TS hiEts s (ONB) FHEI & ik

L.

Sato and Matsumura®

lfhfg(Ts—Tsat)?)NB (46)

dons = 80Tsat(vg—vi)

Bergles and Rohsenow(?

qonB = 5-3P1'156[1-8(Ts - Tsat)ONB]2'4'1/13()‘0234 (4.7)

BbIsH M R, AT & Ts ORI GHERI L7z, b B 4 mkH BE 5
Bergles and Rohsenow @D & HfE 5 & FEBRAE L4 b U 7=, SEBRE R O Fitidl
4.0m/s DEE, Al ¥ 3.5 K/MSWEZ R LT, EEGEROFHDS 6.4 m/s D
AL, EBiEE L Bergles and Rohsenow WOFBERIT—E L 7=.

e\ T IR R & 3 I FEE L2 WIS HEI O T RE DA PRI N & b L 72

Rohsenow®

Cp,ATsat q o o Cp, I 1.0
et _ ¢ () (4.8)
heg tihrg Al 9(P1—pg) A

Where, the factor Csris 0.013.
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Mc Adams et al.®
ATgqr = 22.62q°25° (4.9)
The dissolved gas concentration of 0.3 ml of air per liter of water.
AT, = 28.92¢025° (4.10)
The dissolved gas concentration of 0.06 ml of air per liter of water.
ATsat,k q OHALIE, K &£ MW/m2 ThH 5.
Jens and lottes(1?
AT, = 0.79q%25¢~P/6:2 (4.11)
Thom et al.(t)

AT, = 0.022q°5e~F/86 (4.12)

Fig 4.4 TiX, EBEERER L 0108 E L= iEIK O Rohsenow @fHEIX %

Wi L& 2A, +ail B LRI GO, ERABYR (CHF) OfE

(X, PREDHEINT AU S Z L MRS
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[ Inner diameter of test tube 0.7 mm , o
L Heated length of test tube 12.0 mm s // !
- Inlet liquid temperature 304 K+5 K ,'I / !
- Inlet pressure 844 kPat13 kPa / /[
| e-folding time 20 s CHF
Flow velocity 6.4 m/s !
4.0m/s : C’-HF
& ) / / '/
E ONB ] I‘ l:l
=107 | i
= | R f/CRE)
[T T ONB T
i K
- I, /
PANCE)
I (4.7)/,’/
46
6 '/ (4.6) \
10 ‘ .
1 10 100

Fig 4.4 Comparison between flow boiling heat transfer process with

previous correlations

50 p————
Inner diameter of test tube 0.7 mm
40 |Heated length of test tube 12.0 mm
Inlet liquid temperature 304 K+4 K
Inlet pressure 846 kPat11 kPa

30 [ Flow velocity 4.0 m/s

CHF
20

q (MW/m?)

B e-folding time Kager
- 333ms  ®4e  o°

| o * < L
o o ¥ o0 e-folding time

20s

N N N 00O
*
o
o
o

5 6 780910 20 30 40 50
ATsat(K)

Fig 4.5 Heat flux g with the surface superheat A 7. (= Ts— Tad) at

various e-folding times
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Fig 4.5 1%, 4 e-folding R HIRAEGH ¢ & REIBEE ATw (=Ts
Tear) OERZERT. EBRLMIE, e-folding FEfE]2S 333 ms & 20 s, kBRI EL
AN DIRENK 304 K, ANJES0HK) 846 kPa, JiiiEHS 4.0m/s TH 5. Fig4d.b
25, efolding WFFE]OJNTLEY, FRAZGEHR (CHF) 2AHMLTWAD Z &7

% .

4 BERSFEFRE (Transient CHF) & %53 &R A /= (ONB)

Fig4.6 1%, % e-folding WfElIZxf7 5 iR ZE K (Transient CHF) D
rEoR Uiz, FEBRSMFIE, JiE 12.0 m/s, AOMY 7 27— 143K 9K T
b5, WERFEGTHRIL, efolding Ffff] z<1s THML TWD. T LD, e
folding K] 7> 1 s ZE W RABGEH, e-folding W] < 1 s AR B R

EMAMD Z ENTED.

Fig 4.7 1%, % e-folding W% 3 2 @ PER AR A (Transient CHF) & #%
UbIEBA4G A (ONB) OB 2”4 . FREME, WK 4.0m/s, ADMHY~7 2
—/LE 138K 6K TH 5. RGN & ZibgHH A RIS I 1T 2 B %
e-folding B[] < 1s THML TWS. Zh kY, e-folding Bl 7> 1 s 2 EH

BRIELHHID ZENTED.
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~
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[=p
L Inner diameter 0.7 mm
Heated length of test tube 12.0 mm
Inlet pressure 818 kPa*45 kPa
Flow velocity 12 m/s
Inlet subcooling 143 K & 9 K
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7 (ms)

Fig.4.6 Flow boiling transient CHF data at various e-folding time

108 T T T =TT

O o045 0O o
© %% o o o CHF

q (W/m’)

i .
i © ¢ oo ¢ o ¢ ¢ o ONB

Inner diameter 0.7 mm

Heated length of test tube 12.0 mm
Inlet pressure 848 kPa* 8 kPa
Flow velocity 4.0 m/s

Inlet subcooling 138 K= 6 K

10 100 1000 10* 10°
1 (ms)

10°

Fig.4.7 Flow boiling transient CHF and ONB heat flux data at

various e-folding time
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4.5 #&&E

FERAE R A, BB IEBHAG S O 1T 38 L 7 Wb g sE ik O FRBI & bhi L 72,
BRI, bR ik S AHES X Bergles and Rohsenow DD 8 #E 5 & Lhis L
7o, VDS 4.0 m/s DIGE, FEERFERO ONB IZHIT 2@EVE ATw: 75 3.5 K/
SUVMEZ R Lz, EBRFEROWHED 6.4 m/s OHEE, FEHAER & HERITRL
—H L7z EERFER O 038 L 72 Wbl 1R D Rohsenow @A & o i,
PN 4.0m/s & 6.4m/s & BIZRW—EER L.

flz, EPERAEGEH (Transient CHF) & UbligEH4G 5 (ONB) TOEGH
[, PRIROE IR L7, R & LB ISPH AR R O BRI, e-
folding FFff] 7<1s THIML TV 5. T LV, efolding FFfli] 7> 1 s % & EL

(REEREI & LD Z ENTE S,
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FO5E MEZRAL-AERFRRR

5.1 BREIRFRBARARRICONT

%1 BT L7 X0 IR DO WIE 2 tE 5 (BRI, m BB o i Al
(IR TH 5. FrICHIH R A 7 FI21E, BYRIOK 2 L7oKERIAR A Z 753
Z<BEHINTWS. 2 i D BUKERA Z1%, KEONH TAREFAE S,

KR T DS TRKGTEEZAT DO HIE T, ARRY —E U RICERA 70K HEE

B
,JT

FTDRAZ & LTEHRHASN TS, KE OB T, BVERT ORI X
v, BRAZEH (Critical Heat Flux (CHF)) ##8x % &, (mEAME DOBREANEHE L
KBRVPEEFERN=2T 0 NEBEIEDL. 20D, RFBWEROFHNIX
B R 2 R ARICREAT 7D OIEFICEHERMETH 5.

%< OBFFEE D, Jh < RBRFEERIE LM A AV o, BE AR O R
FEAICE L CAHFZEL T\ 5. Table 5.1 12, BEOHFTEH OB EKDILIR,
MR, WER, Wil M OVE ) O SE8REIPH % 7~9°. Vandervort © W} 5@ il & &
PRAGFEARIZEY L CIA L7z, 15 OMFZEORBRE O NEEIL 0.33 mm 7225 2.67
mm CT& 5. Mudawar and Bowers® |3 & R 20 a2 B L CEEBRAVICEH A~ T2,
% < OFRBRT — 213 100 MW/m?2 2 B3 FR7 — 2 Th 1, BRBEERONE T

0.41mm 75 2.54mm THDH. 5L, MEIZBT AEIEILET VEFHE L
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7z. Celata 5%, FHEIZRIT DRABGRR ZA L7z, EBIZIINE 2.5 mm
DORBRFEER 2 VIR Z FEE L, &VWEORMBGR R 215 T, JEHEKRIZEL
THawfb L7z,

Kataoka oW, Rl HERFEGRRIZ DWW THRECIECR I S L %
B IAEIC B U TR, PR R & R B R O\ & FEBRRE s b bhiig
L7-. Hata and Noda 5®|%, FRERFEEVRIZHIE 2 V@R A B RIZE L
THEBRIITT ATz, BB OB TFEEBIERITINEL S 1, SBRIE VR D AR I
3.0 mm 75 12.0 mm T® ->7-. Shibahara &6 DIRBBEKIZ AL L
SUS304 # AV 72 INEE 1.0 mm OFBE o5t RSB A B L CSRBRIIC
K 2 OFEX A EZ LT

FEEDINDIRY T, ME SIS T 2k 5 i ek SRS B AR B3 2 iF 2RI
FEFIARL, BRBERONERLE SICL 0 RABFRICET DEN R D7
OIHRINHAR T HIT1L, FREELEMRTREMER L4 HD. AR TIE, M
BT I\ B sl R AR B R % 45 e-folding MR R OV FTEIC B L TR, 3
Bt R 2 E R PR oD SRR BR S B SR O FH B2 & LSRR L ot {1 PR AR BAG o

DA =ALEHLNNTT 5.
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Table 5.1 Experimental ranges of flow boiling CHF

Heat
Test Heater Heater
Reference d (mm) G (kg/m?s) P (kPa) generation
fluid  configuration material
rate
Vandervort et Stainless Steady
Water Circular tube 0.33-2.67 5000 - 41800 131 -2280
al. (M (1994) steel state
Mudawar and
) Stainless Steady
Bowers?® Water  Circular tube 0.41-2.54 5000 -134000 250 -17240
steel state
(1999)
Celata et al.®) . Stainless Steady
Water Circular tube 2.5 11200 - 40000 582 -2610
(1993) steel state
Kataoka et
Water Cylinder Platinum 0.8-1.5 400 - 4000 143 - 1503  Transient
al.® (1983)
Hata and Stainless
Water Circular tube 3.0-12.0 4000 - 13300 718 - 1315  Transient
Noda® (2008) steel
Shibahara et Stainless Steady
6,
al. 7 Water  Circular tube  steel 1.0 9000-13400 922 — 1145  state
(2016 - 2017) Platinum Transient
5.2 EER#HFR
. t
Q = Qyexp (;) (5.1)

Fig 5.1 1%, fiix @ e-folding RFHIZ 31T 2 FEEE A 717, e-folding IRFfF A3 100
ms DA, FaE BB D FEEE | FHEE N F <, e-folding 12 2 s DAL,

FEEBIECR D FERR L RHEN BN LS. Fig 5.1 T, #AUBRFA DR
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23K 308 K, AREFITK 827 kPa, it 5.5 m/s, RBRFEEMRONEIT 0.7
mm C, £31X12.0mm TH 5.

Fig 5.2 1%, BiiH g & HEGE Q L BB EVARIIRIE Ts & R ¢ OBIfR %
9. Fig 5.2 @ e-folding FFEIIE 10 s T, ABRFEERA DIEE LR 307 K, A
HEJ)1T4) 838 kPa, X 5.5 m/s, MBRFHEEMARONEITL 0.7mm T, &%
12.0mm THho. FHER QL EWEH g ITFELBECRICEM L, RABGERIZE
T 5. RBOSEVARIIRE Tslx, £ 456s £ CRmMIRENEMN UIRED A3
X275 5. 2V OBRLA A (Onset of Nucleate Boiling (ONB))
CELBRBGDENH R L72iod B2 biD. £ 0%, Bt EA LR ERE

i (Critical Heat Flux (CHF)) |Z%|#E9 5.
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10 LA LA AL B R B B L B B LR B
- Inner diameter of test tube 0.7 mm
Heated length of test tube 12.0 mm -
- Inlet liquid temperature 308 K£5 K -
8 | ©=100ms Inlet pressure 827 kPat17 kPa ]
Flow velocity 5.5 m/s ]
T
E 6 -_ T=Is T =28 _-
1
Ec ,’ /
= | / K
e | H ]
4 / /
I / /
/ /
: /
2+ / 7/ .
’ 7/ 4
/ -
’ -
0 ——— == -l == T - ] 1
0 2 4 6 8 10 12
t(s)

Fig 5.1 Typical changes of heat generation rate Q with the passage of

time at various e-folding times

6 "'I""I""I""I""I""I""I"600
[ Inner diameter of test tube 0.7 mm 1
L Heated length of test tube 12.0 mm 1
5 | Inletliquid temperature 307 K ] 550
o~ - Inlet pressure 838 kPa 1
=i NE Flow velocity 5.5 m/s ]
-~ = 4
= z 4} 1 500
S = [ ]
S o [ ] -
- | l— Critical )
o T 3 B heat flux] 450 vm
- point =
2 F 1 400
1F , ] 350
| ’
- iy - i
0 Lo 10300

0 10 20 30 40 50 60 70
t(s)

Fig 5.2 Typical changes of heat flux g, heat generation rate Q, and inner

surface temperature of test tube 7%, with the passage of time
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5.3 iR & BRABTRRDER

Fig 5.3 1%, AOIY 77—V EEZ T A= |2 LT, BRABNGEHR (CHF) &
TEROBRTH S, Fig 5.3 @ e-folding Kffi1X 20 s TEFEUZRZETH Y, AQO
J£771% 843~869kPa, PBRFEEIRDONAIT 1.0 mm, HBRFEEILDOR 1% 40.9
mm Th 2, M3/RT & 91, RABGRHR (CHF) (X, WEOHEIMEOHIN
HZEDNRD. Fio, FUHETIE, AOMHIY 77—V ATwbin & Toat— Tin)
OHENINZAEWRAZBFE R (CHF) 288N L T\ 5 Z &3 RS,

Fig 5.4 1%, AOIY7 7 —VEENT A =2 LT-, RAEGER (CHF) &
T ORRTH S, KD e-folding FfHI% 20s TEHEMETHV, ANENIX
803~851 kPa, BAREAKDONAZIL 0.7 mm, HMEBEEAOE XX 12.0mm T
H5, Fig 5.3 LRERIC, RAERGEHR (CHF) 1%, & CAAMY 7 7 — /L

DOEENNZEENIN 2 = L 03Mif 5.
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10° -
Inner diameter of test tube 1.0 mm
Heated length of test tube 40.9 mm
Inlet pressure 856 kPa *=13 kPa
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Fig 5.3 Critical heat flux at various flow velocities and liquid subcoolings for

inner diameter of 1.0mm

10° -
0o °
N/-\
O
£
= °
N’
5 g
o 10"} .
O
sub, in
O 135K
O 115K

Inner diameter of test tube 0.7 mm
Heated length of test tube 12.0 mm
Inlet pressure 827 kPa®24 kPa

100

10

10°
1
u (m/s)

Fig 5.4 Critical heat flux at various flow velocities and subcoolings for inner

diameter of 0.7 mm
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5.4 BERFAEFROHEER & DL
Hata 5@.9%, EHRABGEROMABENG.)Z TS H L. AR £
P, REBRFEZYRDONEE 2~12 mm, HWBREBAORK S 22~149.7mm, LdIE

4.08~74.85 mm TH Y ATupin>40 TH 5. FHENILTREIIRS.

Hata® 9
-0.1
-0.1
By = C|-—=—| We3(%) e W/ DRl (5.2)
o/9(p1=pg)

Bo, W., S:i%, R4V 78 (=qesul Ghg), U = A N—8 (= G?djpio),
BRFBURA Y7 7 — W E DR TTEL (= cpA Teubi/he) TS . Lid < 40 O
%A, €,=0.082, C,=0.53, C3=0.7, TH5D. Ld = 40 DA, €;=0.092,
C,=0.85, C;=0.9, ThH5.

Hata and Noda®i%, EitoFABIR(5.2)7% FE I8N RS20 e o FHEE X % )
& L7z, B BEICHE P, RBRBEEBRONE 3~12 mm, BRBEEAEROR S
33.15~132.9 mm, L/di% 5.48~11.075 m, i 4~12 m/s TH 5. HEXE

BN e
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-0.1

We-03 (g)_“ o~ (L/D/(CR™) g .C5 5

-0.6
14+ 114 —2——
lo/9(p1-pg)

(5.3)

Fig 5.5 & Fig 5.6 Tl¥, FEBEROMAEGEHR L, Hata and Noda® DFHE
A& L7z, Fig 5.5 1%, REBBEYEONE 1 mm, RAEREAROE S 40.9
mm, ACMIY7 27— 115K, #EREA 0 E7) 818~860 kPa, Vit 7.3 m/s
Tho. ML EZBRFEROEIT, FHBERXOIE 5 23 F28RE R L 0 I & a
(z<1s) T22.0% mWMEZ-RL, EFHEE (t>1s) T6.4%m\MEZR L.
Z OWRPEEB T OMEAR L O, EERFEGT R OO EERE XL 0
Ld 409 L RWZ & &, HBRFEEYRONEA 1mm & AHEAR O FZEREIFH D &
AN TNHENLEEEZBILD. (L/d=5.48~11.075, d=3~12 mm)

Fig 5.6 1%, RBBEIAONE 0.7 mm, RBRFEIAOE X 12.0 mm, A D1
77—V 135 K, REREA 0TS 834~850 kPa, itk 8.0 m/s TH 5. A
B & FERAE R o el x, MBI OIE O NIEBRFER L v EREK (r<1s) T
14.3% mVMEZ/RL, EFEK (r>1s) T6.6 BXWMEZ /R Lz, ZD7®,
ARBRFEERONE 0.7 mm DO FERFERIT, FEXD-14.83 ~ 6.6% LR >72DT

+15 %O#EHICE I F o7z,
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I —— Eq. (5.3) (Hata and Noda®)

5 © 00 T

Inner diameter of test tube 1.0 mm
Heated length of test tube 40.9 mm
| Inlet pressure 839 kPat21 kPa
Inlet liquid subcooling 115 K
Flow velocity 7.3 m/s

106 1 I ‘II”“IZ
10 10

10° 10* 10°
T (ms)

Fig 5.5 Comparison between flow boiling transient CHF data in the inner

diameter of 1.0 mm and the correlation of Hata and Noda (2008)

——Eq. (5.3) (Hata and Noda®)

Inner diameter of test tube 0.7 mm
Heated length of test tube 12.0 mm
[ Inlet pressure 842 kPa®8 kPa
Inlet liquid subcooling 135 K
Flow velocity 8.0 m/s

10" 10° 10° 10* 10°
T (ms)

Fig 5.6 Comparison between flow boiling transient CHF data in the inner

diameter of 0.7 mm and the correlation of Hata and Noda (2008)
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5.5 EHRAKMNR L BIERFER

Fig 5.7 1T, BBREEURDONE 1.0 mm DA D, % e-folding FFRIIT K32 it
JERR SR BNGR R O EBRAE R 2~ d. FBREIE, SREBB A NES) 817~870 kPa,
A7 27—V 90~140 K, i 2.5, 5.1, 7.3 m/s Th 5. Fig 5.7 1 H
W PERRFEGR AR OEIX, AR 7 7 —VE R OFREOIEINC X Y, #4252
EWmAEIND. e, RABGRROMEIL, e-folding KFE ORI VY, +H
M¥ 2z EnfE-T-. RABURHIE, 7<1s THEMLTWD72®, 7>1s Tl
EHAEIE LB Z, 1< 1 s OFEETILBMERE CHERABEREEZ DD,
F72, v> 1 s OFERTITEFRABGTRE B2 D LR TE L. ZOHRHA,
AR BMAR ORI, FRBRIEBMA D INEAR 1 278 5 £ TR 230D 72D, B
RPN T HEEZEZBND.

Fig 5.8 1%, ABRBEAKONE 0.7 mm OHH D, £ e-folding REEIZ %3 5 i
TERRABGR O RBRAE ReAm 4. EEREAFIE, BT ANES 721~873 kPa,
AR 7 —LEE 115, 135K, #ite 2.7, 5.5, 8.0m/s TH 5. Figh.7 L [F
D e-folding FFFIZRE L CRIBEAME A 3R T X, 7> 1s OFEER TIXE R RS
BURHR, v<1s O CITRERRBTREEZ XD ENTE L. RBRRBEIYR

DOWNEE 0.7mm D575, W 1.0 mm KV b @O BRFEGE R O S5 R 2157
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[ Inner diameter 1.0 mm
- Heated length of test tube 40.9 mm
I Inlet pressure 843 kPa*27 kPa
NA o @ o
§ [ g% © 00 op o o O o
8
5 . *s ° SO0o® o v o o
S 10F ap 2 et 0 o o o ]
F ANV
[ A AN A A A
5 A A a
L 4A  a A A A
B sub,in
140 K90 K
- O 0O 73m/s
O @ 51ms
A A 25m/s
10 4 5
10 100 1000 10 10
T (ms)

Fig 5.7 Flow boiling transient CHF data for the inner diameter of 1.0 mm

at various e-folding times, inlet liquid subcoolings, and velocities

8
10 [ ' LA | N LAY | i LA |
. 8
£ 2° o o
[ o Q o
a2 © %0 % 3 92
- °?
“g £ o0 40 o
E AP S &
v: , a
= 10" } - .
A A L A 4 .
u
sub,in
| 135K 115K
Inner diameter 0.7 mm O 8.0 m/s
L Heated length of test tube 12.0 mm ® 55m/s
Inlet pressure 797 kPat76 kPa A A 27m/s
106 1 1 L
10' 107 10° 10 10°
T (ms)

Fig 5.8 Flow boiling transient CHF data for the inner diameter of 0.7 mm

at various e-folding times, inlet liquid subcoolings, and velocities
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5.6 #58

BRI ERONE 0.7 mm & 1.0 mm (2812, @PERAEGEHRIZEE L TFE
BRAICIA AT, [RABGHIE, A& < 2 DIEEmVMEL 720, ARRIY—7 2
— VMRV EEVME E 72 o 7.

Hata and Noda® o (RSB o O FH B & S8t R 4 beilge U 72, akBRIE L
EDOWNEE 1.0 mm D5, FHEEAE R RO L, tHEANDIZ 9 73 FEHGE R
KV IEEHHEE (r<1s) T22.0% mWMEAZTRL, EHFEK (t>1s) T6.4%
EVMEZ R L7e, SBRBEEMADONE 0.7 mm O FEHFRIE, MEXD-14.3 ~
6.6 %L 725D TE15 %OFMIZEIE o7,

FRAENG 1T, e-folding B[S 7< 1 s OFEICTEIML TW5 Z &R fE- 7=,
ZAUZFEW e-folding FFH2Y <1 s OREEZ 0 R A B AR EI & L, e-folding
P2 ©> 1 s ORI A EH IR BGRE S L7z, SRBRBEERONE 0.7 mm
& 1.0mm T, REBEEYRONE 0.7 mm O N EWIRABGGE R Z R L7, R

RBGEARIY, RBRBEERONROEBEZ T LEZLND.
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HOE A af

ABFFENE, M 2 O 7o PR e B n sz, i B bl M ONE IR AT
W, ZEBRAICHA~TC. 5 3 BT, ME 2 W 7ol R R #nzE 2B L
T, H4ETE, MEEZHOHERBBEPMSZICE LT, % 5 ETiE, M
B O TR A BGRAUICE LT, EBRAIRZFE L <A L7z, fiamic>»T

FLICREHT 5.

6. 1 $% % FA L =B sl <t TR BV

T % D, e-folding IRFfH] M OV 4 /8 DOFRERFEBVARIT I 1T 2 & & K OV
BMREERA I B U CEBRAICH T, 1R ORI R AR B & 25T —
B L DBELEEITo T WBRBEEKONEPE L, BUREREN @ WEZ R~ T
FEBRAE R AT

F 7z, fix D e-folding FFETIZ 2 BUR R B DO ZEAIZ SN T, e-folding IFf
FI O FICEWBMR LR ST B A3 5 Z & A bz, efolding FFHIMT 2 s
I EEIC, 2 s L EOEBAREEFIREL L, 2 s XV /NS WEBZ EER
[RELRTZENTE.

SHIC, X MU KRIEFT 7=V 2 BOZBOERE SR L. 7— 1 ¥
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D/INEL 2 BIoNT, WEXE/L MEERE X/ NLE D NulNuse 7
EHFTDHZEREST-. FOMEMIE, FENMEVIE E, Nu/Nuge DDREL 720,

7] COs TIINELM 22 213 E, NulNug D REL 25 2 LR T

6.2 M A BERE RS
FERFER A, BG5S (Onset of Nucleate Boiling (ONB)) M QM558 %
2 L7-0bgtEsX (Fully Developed Nucleate Boiling (FDNB)) Dtk +H B

& U7z, BbigBAn s (ONB) Ok DRI L D HfIZEI L T, Fiid A

5

4.0 m/s DA, Al 3 EFRER OIS A (ONB) ([Z361) 2 HEVE 3.5
K/NESWEZR L, EREROFGED 6.4 m/s OHA T LB R & BT —
Bz, R RO o33 Lz il (FDNB) OEROFBR & O Ll
BW—%Z/R LT,

iz, WPERFEGEHR (Transient CHF) & #%bERALE S (ONB) TOERE R
(X, VEEROHMNZLEWEIN U7z, @\ PER AR (Transient CHF) & Bl
155 (ONB) OEGTEH X, e-folding Fif] 7<1s THIML TV 5. Zh kv, e

folding IRfff] 7> 1 s OUENIIIEZ EFHEURE L AN D Z LN TE 5.
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6.3 HEZ AL BIERFETR

RBRBEAAONEE 0.7 mm & 1.0 mm (2815, WERMAZEH (Transient
CHF) (2B L THEBRINITTI~T-. BRABYEHR (CHF) 1, EHA &< R 21E L&
VMEE 720, AR 7 7 — VERNMRVE EEVME L 2R o 7.

e DEBPER A BN K (Transient CHF) OAHEIR & EBRFE R A ik L7, 3
BRFEEYRDONFE 1.0 mm D56, AN E ERRFE RO L, 1EkOFAEXDIZ
I MEBFER LV IEEHEL (r<1s) T220 % mUMEZRL, EHEKE(>
18T 6.4 %m\WMiEZ R L7, SBRFEEYRONEE 0.7 mm O FEERFERIL, kD
FARERD-14.3 ~ 6.6 % & 2o 72D TE15 %DOHIPAICE S £ > 72,

EPEPRFERE R (Transient CHF) (2B L T, e-folding FFfEI2Y 7< 1 s O
BTEIIN L TWD Z &R T2, 2SRV e-folding FRRAAS 7 < 1 s OfEE A

WA PE R B R AEI & U, e-folding FF[EIZAS 7> 1 s OREIE A & & RS EAE ok fiE Ik
L7z, MBREAVAONE 0.7mm & 1.0 mm T, RBREBADNE 0.7 mm
DI PEVRABGE R 2R LTz, [RAEGRHK (CHF) 13, SBREEEDONREDK

BrZTDLEBEZALND.
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ﬂrlulll
Jjn

Le
Lipt
Lopt

Nu

BMILBREL, m?/s
BRI BVA DK T, m?
WAV T (=qersun/ Ghyp)
FEEL J/kg K

EJELEL, kg K

AR EYRDONE, m
R ER DR, m
VB D EEEIR S
7=V 2 (=avd’)
BRI A, kg/m?s
HIINHE, m/s?
BRiERE, Wm’K

RIAETEL, J/kg

i}

CERTINN

MEERDOK X, m

AR FEBVAR D A Oy & &, m (Fig 2.5)

FRERFE BAR N BRI & A BRIE J) 30 BERE, m
RIS VA B2~ & Y BRI D50 B, m
XtV N (= hd/h)

£ 77, kPa
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Pip
Pou
Popt
Pr
Q
Qo
q
qer

Ry

BRI BN AHIE ), kPa
ABMRIETEHET], kPa
ARERFEEVAH O IE 77, kPa
H PRI DT, kPa
7T NVER (= cu/h)
FEEE, W/m?

HIFEEE, W/m?

B, W/m?

BRAENGTHR, W/m?

0 °C (2B 2 BRI BYA D FEXHDL, Q

Ry, Ry, R; X771V v VO ESEI Q

Ry

Re

Sc

T

Ta

T;

Tin

Tout

T sat

Ts

RERFEEROBLIEN Q

LA VA (= Gd/ws,)

B FE RN A 7 7 — WV EE D BER TTHEL (= cpih Touv,in/hiy)
AL, K

FRBRTE BVAR DR, K

% U B RIS O 2 TR, K

A BRI OWAREE, K

PRI OHRIREE, K

fFnRE, K

AR 8 AP ZR T RS, K
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t RFfH], s

ATsar = Ts— Toar, ABRFEEMARDOR BB, K
ATsubin = Tsar — Tin, NOIY 7 27—V EE K
ATsubour = Tsat — Tow, WY 7 7 —/LEE K
u i, m/s

v R I BMAR DO IAFE, m?

Vi R OEE, V

Ve REBEEVMADOELE, V

Ve ZINT Uy POIREEE,V

We ¥ = A N—4 (= G’d/pio)

A BB, W/mK

T e-folding RffH], s

p B kg/m?

U REPELREL, Ns/m?

o F 19 /), N/m

nT
a A )
cal AR
d NEE

g A (&AR)
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h E—X—

! 68E

ONB  #Z#BlEBALA - (Onset of Nucleate Boiling)
sat fR RO

St T

sub YT —VE

w B T
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HiEE

AHELFRSL, Z2<OFADZTHINTEIVERT H T ENTEE L. RIS

EEEDDITHIZo TR TG, THIHEZ W2V E RFRERE S

FHAmrgeRt BIAEZIRICRS B O 2R LET.

LA TER T DICHTZY, MARFERERE FEAAER ARk

% BREAERIE, KXo To ZTHECHFNFHED TR THE £

L7zZ EICESIEHOEZR L ET.

ABWFFENCAEH L7, MR PREVEBRIE & O E - ORI O THE, =

HifE 2 W o 12 & £ LIS P RSP EHIR AR EHOFEER L

9. EBRT —HOFHBCHELED D FTOEL OBEZ W2 W=ME K

FRFRE WEHEREOTTER SREERSedE s SRRSO AR L E

T, T RFPHEEOFPRIEREAEICIL, 2D T E T DBE%

HE, RSEHOEEZRLET.

(ARG L Z D RO DIZHT2Y, FE LA TINE LIZZEDOESE, IGHE

LT FHtors, £ L TREEDOMBUILNBREEINZ LET.
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