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Fundamental Study on Continuous Ice Making Using
Flowing Supercooled Water

Hideo INABA, Kengo TAKEYA and Shigeru NOZU

Basic experiments were carried out concerning the possibility of continuous ice making in
supercooled water in a forced flow. In the experiments, the critical conditions of ice formation and
stability of supercooled water in cooled circular tubes were examined for four kinds of tube inner
diameters under various Reynolds numbers. It was understood that two ice growth modes of annular
ice and dendritic ice appeared in the cooling tube according to the degree of supercooling. Nondimen-
sional correlation equations of supercooling for ice nucleation in laminar and turbulent flow regions
were derived as a function of the nondimensional ratio of thermal boundary thickness to the pipe
length, which length is defined as the distance from the position where the mixing average tempera-
ture of the flowing water becomes below freezing point to the pipe downstream end.
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iz s VL Tid, BEEAOCEBES A+ IREL T
VB EEREL, ALY —FHR L VEHOTOSER
R 6 2RAC L VKR,
8=(d/2)[{1/(2.72- Z°¥")}** +(1/0.72)*] "

tz12L, Z=2lld://(Re-Pr) TH 5.

B9 Xy, Bfis & VFELIBERICBL T HREREAE
BXSDEAL b ICHEMBEBERSHE AT, bKE
S BMERNCH B, MADTENBERTO T 2
AT, DELEERENH B L5 Th B, AT, EHlfE
OTREUTREFEDREZ 52Vl GARHIEE
1), L TEROD AT, BLEDFEE T}, BTRCHE
NHEEDRZ 2EETH 5.

T, INETOEREGEERL LT, BAR
HEREBRCHET 2EXTEEROTHIIOVLTEL
3, ZOEOBSBEIAL DKERORE, BROKEZ
REFEL THEAKOEREBET SLENH D2
O, BIERETAER AU HEMKEE T 2RE
di=50mm, EX70mm D AF v AHENE—
REAKEELOBEHHEE (0.01~0.2°C/min) THR®
LR, BAGHHIE AT, =68K %187, ZTOBK
BAHE R EREY L TRATRENZLFRN TR LF
—RF VvV w b dus RO STz,

A#S=L'ATI/T}' ................................. ( 3)
37, AERICE T AHET 5 @HHKOLFR T 2
NE—-BT V¥ v duy i, ZHEEREE T, 2 &
Y LEBRHE AT, AV TRDEITERL
AN

A#sz'dTw/T/ ................................. (4)
EERFEOENEERF 2}, RITRENB LD
CREEREES S 2RV, —F, BEAEICE D
2R HBEEEL LT, MTOEFTLVICRT &

30

di{mm) £ (mm)
o 45
® 10.5 3800
o 156

L Complete
ice Blockage
20

< o
~ Complete g
é lce Blockage, o0 °
0
0 PENFEETES M | st aaaal PR W
w2 5 w2 5 w2 5 10?7
&(m)
X 9 EBEE AT, L BERRERS & OBIR
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CFRE» ST LT Tk ERBKFF7 TR
S ELTTMYOEET 2HFELHRT LI L LD
LT, ERNREEFHIBRESEERE T, UT %3
SMOEBERS L 2BREALR, &8 L0k, fido
AHEREAREOHECHERL MR 2HVTH
HLTH5,

5010 i3, dpw/dps & O/l DBEFREEFTE R /T £
—F LT Fuy bLI-bDTHS, 2EKNZ /I D
B b & bIT du/dps DEIZBY T 2R A S 0
3, ZhiE, 8 2—FLT5%5 8l DBV [ DIE
Kekd, M7DEFMIRLULZ & D IGEREANT
FIAED I Lo TKBEROBENE LY,
BRI/ S RBREETE S Z L 2 ERT 3.,
—5, I #—F LT 25%5iF 8/l DEAIX 6 DB %
FkL, AT & > CEAFEORBEZ SESKELR
D, KEREICHE>BRREE2BH T 52012, /b
X BB EE (duw D/NEWV) TERE”SSEZSZ
Yz B, LaLahs, RBT 2@ EHKOREN
i, FOEELOVL-TEREXER I 7 aMEFY
SENBIL LD, MI0WCRET LI REROBEHART
BNEEORET 5 BRTEHHENEE T IR L
fot, Lizhio TREEICRE T 2 BEREERER
FChLERITASEE duw/dus i, UTIZRT &
SIEB C s TRETS I EICLE,
C O LBEL LI, ENTRECHEBILVEMRAZS
T34, 2L T2 TREUTIZ, BREHREDOR
EEE L, WL, TRTHRE WL EEE, BR
BEORETIAEEEDOH IARERAR L 5,

H FrAAE (Re =3 000~8 000, 6//,=2x10""~3x107*)
Auwldps=C+(8/1)*%

426=C=1337
& 57 4F3K (Re =500~3 000, 6//s=3x107*~1x107%)
Aﬂw/Aﬂs= C'(6/13)0'677 ........................ (6)
134=C<43.0
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1328 TRBIRSEIAKIC & 2 EgERKIC MY 5 BRERTFR
2 HME I, FRBKME g L L —BT B L HIFRfE
o mtg” “mm’. TEZ, BROI LA, MSHIE DRI RKE
e 105 3800 KOMA LD, BEHE b HLITRKIR SR
-® 156 (8)ENEHHLBKBEEKRDZ Z L HAREE 2 B,
. 4. # 5
gL
< ° Nth MHEN % HEh T 2:8& 5K & 28GRk 2
° HEHRD, hHNENRERERR BAHOLE
L o2 B & USHOKRRIC B RIZ T SISk, 2B
KIES & BAHAREOMES DL L L TERY
PY | WEETEN, ROZEBEHLh LR ST,
0 * " ' 2 (1) WET 5@SEHKDOERRGHER L, BSH
aTs (K) BIEKEL TIROZDICHEE NS 2 L oSHER L 12,

B 11 BOKBHER p &@B%BHE AT, ORBF

HWHEHEBEL-BEAFAEEL L LS LTHEL- b
DTH5, 8/l DL, BEEREES 6§ DA
& % BARGREE 2R THIEAKREA~ DT £ 7213,
ls DWYIT & B KIEHIRBEREO R IME > Bk
ROBEANOBITHEE L D, BRIIC duw/dus=1
DEIERBOFEREET L LD LRI S,
SHREANHE S CEFRERR TOBS LTI
TAMENESIILEL-EbN S,

34 BUKMME FHNHEEOEZSLVWREDL
ET, BKEBNICHT L BB EIAIE, KERER
H&MLE TESEIRE 2 IR S 1, SAKKEFRDER
Lixd, BOKBIEIX, ZOfERa N KkEREBL U
RS HAKR Tow 2 EHE L L BGHRE 4T &
DEHLTHE, NRETIERT — 513, A0 HR
KaAnBER(5), (6)IIBWLT, HEHEE TRE
UTOMBKIZBET 24D T, »hORELBSHIKEY
AhLILRERENZLDTH S,

BUKENE 7 [% )13, BARFRLS 0 CHIES - F
Bk 8 & Wlkg/min] & @B% EH A & Qulkg/min] &
MFETRO LS IcREN S,

7= W/Qux100 [%]

AR EKOBEME LOKHEECF S Bang L(=
334 kJ/kg) ORARTER S N % HRBKE 90 i3,
XRK(B)ABEL T LRDEDIIKREI NS,

Ulh:ATs'Cp/LXIOO [%] .................. (8)

B 1143, BOk&E X DR S EROKMEK L AT,
OBFEERLAZLDT, MIIFOERKIIR(8)IC Y
ETOTRDSNLBRYANE g TH B, AT D
WMRKEEL I g DEARYMMBESNE, £72 g DE

Tabb/N3RGEHE T, HENEBEEL DR
KEEOKE RMBIOKEORERR 20, —FHK
EBSHE OB E T, FIER I B BRIk
FOFERA & 2 5,

(2) BEANEEORERMCNT 2 RBADFHE
WHIBLR A HAE L U/GRSEHE, ETHE0MENER
RIS Mz ah, B L 2EH2 < B L URBH
LEHET 2 BIOTBBERORESTOR, S5
RELCEROTEEAC L), BRHRELEERS
L BB HIT L ERBOX B agg L 7% 5 72,

(3) WMENASEIAKIC X 280Kk, BAHE*
Ru7: B8R A(8) & b A 2BOKBIRIZT+5
BEINDLZ LB 7,
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