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5C, ZERIZ—10CLUTOAZRBICEWVETH 3
EBBERMICHSNTEY, BRI Bk
ShpEdThid, LEDRERIEETESDL
Bbhs, .

&, 2K AHETBKOEER p; (g/cm®) &7
5 EHMEE lem o 2EOKE Ay (cm) &, 7K
MOKNOEEEIED 5, +H RO
TR TEALN 3.

hw= (0i—ps)/0.917 (1

T Tz, fligk (ZERRER 0) ORI 0917 g/cm® &
LTW3, -7, RFTREMFBEERROLS I
Elan s,

RRE : [EX hy (<lcm), 0°C DKRAIKIZIE B &
TOMM, B1H BEEER ¢ (sec) 2R &.

TARY = VGO KEICET 2R 31

3.2 AIMEER

ARREE, WRET D (B+K) BH lom BE
EEDDTHNT &b 5 BIEIERRITRT L,
EFBNZEEE LTS, BlicsnT, (B+
K) & D B i — R A & A o A S 1T
5. Lal, BRESEONEICE U TXEZ
K[OBENERL, ZOZEK[BEERAKELD
5C~15CEL MBI &5, WD S DEEY
I & BISEIBE A O 8 & h B ISHTEE I
ERTwmD TN, UITTRHRERLTER 3,
it -, BNIRGRE, BAIMEREM 7 0 ORGEHIEE
F (cal/ (cm?sec)) @FIRD L HICET 3B,

F=C+E+R (2)
ZZig, CE R IKA, MRAER, REME
ZE, ’HE - KRGS X 2888 TH 5.
¥4, WiREzER C (cal/ (cm?sec)) #RAT
5z 5,

C=a(T,—TJ)=—aT, (3)
I T, 3ANKE O, Tolx (B+K) Bk
HEETOC EBL., £LT, NEMERa IZ
E# V (m/sec) O—IRATEHZ 3.

a=(a+bV)X10"*(cal/(cm?sec’C)) (4)

{BL, a, b 3ERTEE 5 TH.
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E=B458—0c) 5)
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D—RATEREINDI D DET S, e FRRIKLBT
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T, SRBBINE (=1), 0: AF 77V - KUY
< VEH=56TX10" (W -m?K™ =135X
1072 (cal/ (cm?secK*)), p=0.53, ¢=0.065, T,:
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W =
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74 R Y= VBT OSSR IC MY 2t 33

QrL, EBREBHFCBOLTHME N EEKE LS
RERROTRT -5 1k b (ERn, ZOEH k)
R0 RAL CEE ST 2 A NAR
(cal/ (cm?sec)) 2V, KUk o‘cﬁ,ﬁtl:l@%
FEEE & XHRBMREIC £ B HEE (Qr+Q0)
(cal) 2HHT 3.

Qe+ Qc=Q,—RXtXS;

—hH, TD (Q+Qc) BXKOEAVWT, KX TH
xahsz,

Qe+ Qc=(C+E) Xt;XS;=a(8.89—1.198T,)
X tfx Ss

IS By vy - VEEBECTEROm & LT
19625cm? &4 3. (- T, WRBIZER o (cal/
(cm?secC)) 2

a=(Q;/ (t;XS;) —R)/(3.89—1.198T,) (16)

ZLT, a= (@a+bV) X107 (cal/ (cm?sec’C))
L0, Ffla b 2R/N_FELEICKD, ERk
FHENCHRET 5. 5B, JEE V IIERF O E
# (m/sec) 2FbTbDEL, % DHICELR
X A #E i CLIMOMASTERG6541 (HZ&A A / = v
7 2R EFEH LK.
4.3 EEER

2005 4F 3 A 13 H D 1 Be~24Ffi 4 B, jl:@

JEREARFEIENRE 1 58 (RCE3KER) OR

b2 ThT - e R RO —FI 2R 4 1R, M,

KEREBEL T, K[iB—9C~—10C, HE (REH
10 2T EGE < 0.18 m/sec (A 0.34 m/
sec~/NEGHE 0.03m/sec), [REHFICLBE
BRI D IRRE 1L 84~89%, KZRMEITEE (k=

085), 2KE (n=10) THREBEHOERER r=
015 & L7z, X4 (360805 (min), #tih

WiRE (C) 2RL, K (RHPOHED, A v v —
v ((B+7K) KO, B Y+ —L (ko k)
Kb AR Rk DRE Ty Ta, Ts2ELTWS,
HB, CoflTR, Avr—LREBEEE W,=390
g, KEER W,=489g, B ¥+ — L iZ/KDOAHDIE
BTZDEI W EA Yy —LD (BE+K) 0&F
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BE(C)
2
03& : D el YTy YOOI
2 51
l‘-"l L
_.4 r
-O-SA RR(°C)
o) ~B-ALv—L (B+K)
-6 |-& —&—~BYo—L (KD#H)
-8 B H
TSR RS R LTI
- SRR
10 |9 R _\@%&@_
-12 -
0 20 40 60 80 100 120 140
ZiBEFR (2)

B 4 @fEEER - BEZL (05'/03/13, 1:00-4:00)

SELEULB9gELTVE AY+—LORE
T, B35 ENDICBVWTERELZRL, ARE
T ICE L ETATOC DKERIKT B E, Ta
WARLERELTOCKIY, LIREEREBETID
BEEIRAEDSHE X, 46 DRICEEMR T OBIEHMS RS
Nt —h, By v — VEE Tpid 0°C DIKEHEIK
%, EbIC0C &Ry, 120 9%DEEMR TS
FTCORERETCHBLTWS, I THED
BRTKE S 1o o BASREREELE (120/879) / (46/
489) =145 &30, IS »ICE OFEEHKEBS D
HEEZEDTVBEIEERLTVS, DL
g, 06T & - TEHE S NICHRBIRER a 45,

AvYvy—L, BYvy—1L, K4, 459X107*cal/

(cm?sec®C), 3.00x107*cal/ (cm?sec’C) &1
b, (B+K) OFE&DHEH OkDA) L b5
HARILH->TVWBIENLSBHEDNS, LIED
HROEDT, YATOLOUAERER-EEE1
Rl &6iIcE21id, 3A1BHLD bRIR
DEW 1A 22 BICSEN L /- EROFBR—E 2R
T. INSOEBRTESNIca DEIE /NS v 48
K&, EBRBEEORLE 7 — 7 DEMEISHED
BMEELTRINTWVWAD, KENGEREEZ
3iodica DEEEERD B &, (F+K) »
555%107%cal/ (cm?sec’C), (JkDH) DIFEIE

3.61X107*cal/ (cm?sec’C) T& - 7.
EBRTROThOMEATH - e,
Ta bDREFREZ L & L.
4.4 RIZEEQLLBERE
HEPRSE 2 L oREEER (FHS, 1950 ; /)
[, 1954 ; dhkt - K78, 1966 ; Fkt, 1975 ; Saitoh
and Arakawa 1978) TSN 7c BmER & K
LickRERIICRT. TIT, ZPERT
&, (C+E) =—aT, LtBVTEEI NI KRS
HMoEELEAK CHR+&RE) BERETH
WHREHDT, HiFf - A7B (1966) Ofid2T
D TEMEERDPFME TV S,

1, &Eo
RdhcB W

at:a(1.198_3.89/Ta) (17)

i, SEIOERBERICBVT, 1, 2 KEHIN
3o, 3RO 0FLE —aT,2FEBLTHMLNLD
RNtk ->TEESNTEBY, X, ®3iKikch
5 DEDFEEMSRENT VS,

#£3&0, SEIOERTRIEEOEELEEN
KA B ERTERL-bOD, BHEAREIC
BILIEGER (dbd0Vida) OFHEEIIHES
DICHEPAERBIC BT 2 HEICH~NTHEL K
XHEERLTVS. Chid, EEAEDEA,
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® 1

TA Ry VBT OEKEICBEY 2 Bt
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200543 A 13 H (0:00-4:00) OEEREER

TG : 0.18 m/s, 1R : 84~89%, (TIBE, 2KE) :r=0.15)

Sy—LBFHE)
o —L & :H(mm)
Sr—UBH:Valem?)
EEE W,
BEE: 0 (e cm’)
KEE: 0, (g/cm’)
KER:W, ()
SEE W)
REERM 4 (5)

EBBFTHRR:T,(C)
TR : o (X107
cal/(cm’secC))

(ot e+ 7688) RUEIRER: |
(%107 cal/(cm?sec’C))
* @ : V,=(o -0 ,)S:/0.917

KBWT, »2,>091

LRoTWBHREBE

B2

£ 2 200564E1 H228 (21:00-24:00) OFEERFER
EHERE : 0.33m/s, BE :80~84%, (FTBE, £KXE) :r=0.15)

Ir—LEHEE | AB+K) F(E +7K)
H(mm) 4.9 5.0
V(cm®) 953 974
W2 366 255
p e/ cm’) 0.38 0.26
0 (g/cm®) 0.89 0.87
W, (g) 5217 648
W(g) 893 903
t:(5) 30 27
T,(°C) -133 -13.6
a(x10™
cal/(cmzsec';C)) > 780
@(x10 8.56 1158
cal/(cm”sec’C))
x 3 BmER (0, 2) OHE—E
ERANE 3| 1 3C#ik a (X107* (cal/(cm?secC)) | «,(X10* (cal/(cm?secC))
(FHHRE, 1975) 3.40+0.67V
HBWHE (Saitoh et al., 1978) 0.56+0.45V
(FM b, 1950) 1.00+3.78V
BT (/o \BR, 1954) - S 17s+7 227
(hHFR - KAEZ,1966) 1. oo+o 40V e e
KR O A (Lozowski er al., 1991) e e 4.78
(k)= OGk) ks 3.61 5.83
(B+K)—> OK) ##E 5.55 8.95

REDBREEEL D BV ORRBE LT
EEOBHIERICE > TV I ENE—ERLE
EZZ1oN3.

#235, Lozowskietal, (1991) i & 3 {KIBEER
ERITB T 3 ice plate DFHEERTE LN E
HEEER (surface heat transfer coefficient)
I3 448X 107*cal/ (cm?sec’C) T, 4E®D (ko

%) E—>0K) BOBEBEERICE T 2 a0 FH{E
583X 10 *cal/ (cm?sec’C) &b /PN W EHR
ThTwa,
4.5 KFEBELIZEITS (BE+K)—>0CK) oF#HE
Tab—Y3v
SEIDERTE SN (BE+K) KB 28z
EROFHEE (a=555%X10"4cal/ (cm?sec’C)
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L<ida=895%10""cal/ (cm?sec’C)) ZH
T, AKEMB—10C~—20C, KENREDIES
DOKFEHE LB T2 (F+K) B—>0K) BoOdkE
iz ER{tLT 5.

H BT, 2,=555 & r=1 FRATB &,

BEE lom iIcxd 2 BiERR ¢ (sec) WY T
5zo03,

(pi_ps)

tr=8.724 X 10°
! (50.95—17.225T,)

(18)

KB cEIVWT, 255 LT2KOEE
%085g/cm® & L, AR To=—10C~—20C
BT ZEERER ¢ (min) 2HEEE o, (g/
cm®) =04, 0.5, 0.6 QLI L THE L 7cfER
A5 1R d. 09T S b HEEIERIR (0—os)
HBIL, FEEECB 3 EEEROLRIZ 97
5 &30, FlRE, T.=—15CitBVT, BEE
lem icxi 4 2 gL ZNE N 41.1 4, 319
5, 289 &H B, Th&D, MEEE o 3HE
BRI RS BEBESZ 50NN 5. BEE
DEAIMICHEEIC S 2hREBROBRETH B
B, Bz, [ESEVEHPICKREHTREL, B
EEAETIETZORORMICBUREH CR:
T BHERED TEBFEO—D EBbN 3,

Ric, HEHOKRE S, Z8A L, BITOF—4

AR
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WS, & SBUKE h, % BRS¢ B L oMl
T, Btk AERRICETKICK B E L
= QBN - BAIEREY 2 0 i n BN E K

BEERKL, BAr% (g/ (sec* cm?)) THEbhT &
K9 TcEZL5N 3,

ho _ F _ (50.95—7.225T,)

= = = —4
5= T80 80 x10

19

KU IRENB LT, St psicE 59, 4
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Fundamental study on amount of spraying water in ice shell construction

—Experiment on freezing phenomenon of snow+water to ice

on horizontal plane—

Tsutomu KokawaP®

1) School of Design, Hokkaido Tokai University, Kamuicho’ Chuwa 224, Asahikawa

Abstract: The determination of the optimum amount of water for spraying is an important problem
to be solved with regard to the rationality in ice shell construction. For this purpose, in this study,
the first step is analyzing the basic subject concerning the freezing phenomenon of the conversion
from a snow +water layer to an ice layer on a horizontal plane. A thermal equation is formulated on
the basis of the heat losses due to convection, and the evaporation and radiation on the surface.
Further, a simple freezing experiment is performed for the quantitative evaluation of this equation.
The results reveal that the snow +wateér layer freezes faster than the water layer, and the average
thermal heat transfer coefficient of the snow + water is evaluated as 8.95X 107 %cal/(cm?sec’C)). The
results of this study indicate that the present method of spraying water can be further improved,

and thereby reducing the construction period.
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