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Fundamental Studies on the Thawing of
Frozen Fish—I

Thawing Rate of Vacuum Thawing

Hidemasa Miki* and Jun-ichi NisHiMoTo*

Abstract

An experimental study of vacuum thawing of frozen skipjack muscle in model of a infinite
slab (thermal center; 5 cm from surface) has been made with respect to the thawing time and
the distribution of temperatures (mass-average temperature) after thawing at temperatures
between 10 and 25°C.

At 15°C, water thawing (spraying 20~40 ml/cm®min) and air thawing (1 m/sec) was tested
to be compared with vacuum thawing in all systems.

Thawing time in this investigation was defined as the time for the thermal center of the
thawed samples to reach —2 from —24°C.

Consequently, the following results were obtained.

1) In the vacuum thawing, increasing thawing temperature decreased thawing time and
increased the mass-average temperature of samples after thawing. But the lowest values of
this mass-average temperature were obtained at 15°C of vapor temperature.

2) In the thawing at 15°C, the thawing-rate of vacuum is faster than those of water and
air, also the mass-average temperature of samples thawed in vacuum thawing was lower than
those in water and air thawing.

3) The heat transfer coefficient of vacuum thawing, which calculated from thawing times with
Gensho’s formula of thawing, was so high as to be regarded as “infinite” nearly.
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L L, BEADOREELD ZVRBERFICRIBESHFLELONIRERE, &
BEE (R, BERTROBESGMEOERICHETIERIMALIBLVL S5ICEDLN
6 . .
22T, FERTRARKEUT OERAR (10~25°C) ZHkE Ui LWREETH S
HAERF®OLRY LY, BREHCH Y A ROERERe TV ERHOTHEREEREST
RWRFEEEL L CRESHTECOVTRIT L.

Fifkic, 16°C OKRHE & CEKBHEETCORBEOEEREMER L LKL,

2. HEflenE

21 MEESH

BREHOH v A B, TRESH v 4+ (¥ dkg/B) ZAV, AEdubEEE —5°C i
TRBHE, REH%E (Fig. 1, Fig. 2) o#4& LRE 7.0cm, NEAKRE 5X5cm ORI/ D
KEIICEEL, KUOMAETEELUCHEREY VA Y7+ —4 (BRE& #2714 1) Tl
# U EBRER T 7 v (Fig. 3) L LTHL, COETFVOBPLRBEED S 5.0cm TH 5.
Wit & ARA L OIS OMMITIZ 7 2D, BRKPKERKVBALTL ST,
MERBOHUESIER»H1,2,3 L U5em & U, &FHICHEN (c-c., 3mm?) £ 3EA
AT —24°C 2 CHERKL, AHABOEREMMIE—IKE - cHR T, BEERICHRAL
7z,

22 MR

KR AKE (760mmHg) @3 & Tt 100°C THBAERT 24, ABROENBRIELT
€155 L 100°C U T CibARET I LRBLALNATNS, HERETR, ThbORE
FToRae L BEEARERERAL LTEHY, COBRRKBBRENOBRET~BEL
TERET 5. COoREITHN, Table 1 KRTMHERCKEZRBRBRERET S, C

Table 1. Thermal properties of vapor?.

Boiling point Pressure Latent heat
0°C 4.581 mmHg 597.1 Kcal/Kg
5 6.539 594.3

10 9.204 591.5
15 12.782 588.7
20 17.528 585.9
25 23.752 583.1
30 31.821 580.2
35 42.175 577.4
40 55.329 574.5
50 92.540 568.8
100 760.000 538.8

* 4 1) =D Torry P& APV Clark Built Ltd. 2335RBZE L T 5.
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nHOBMICE AERICL D EFBEYORAREERBREL BLYRBREEISREINS.
LU, EEMEOHRBEEELEAT 3 EEREERIFBERE OFEM N X OFEPK
AZLKoKBAFIcHT 2RABETOA MM, X HicRBEE L EREAR L OREECL-T
KELHBEZHZIDLELONTIASY, Bk, hOKPEREERLE LickBRPE
SRBERMEELEED T VRE* KL ZEHRFETHY, UREYOREZHRE S LT, 5
EEOEX AN, LTEAREEREEEZE LTV AR THERRLERL TS,
EREBOWMK %E Fig. 1 1<, MERHROHER%Z Fig. 2 [TRT.

Fig. 1. Schematic diagram of experimental apparatus.

1. Thawing vessel 6. Leak valve

2. Desiccator (30cm?) 7. Manometer (Hg)
3. Sheathed heater (500 watt) 8. Supply water valve
4. Sample 9. Thermocouples

5. Chilled water

Sample
chamber

;, Evaporator
10
::'12 , size( cm )

Fig. 2. Detail of thawing vessel.

AHEB/REC, WEEE (B3 5VP-C, MMERKER>7), MREREAKRT 3HE
2552 (30cm B X45em FF v r —4) LEHABRL LMK I N, T OfICES LIBEDOTHES
SHKEROREMIELH LTNG.

Fig. 2 IR+ BRARRERS A (0.2mm") THEBL, SEH b OMSBER ¢ 70

* BYEKOPE, ERPOKSBEVEETINEDLEEZS.
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EX 10mm* OFEY Vv E Y74+ —LTHiE U, BESROLREHBRDZEANSBRER
LU, THERIFSER L L, chicidiy 0.8! okER L, ERIC 500watt D —
R —2 2RO ERBBREE LD LKL, REOE, Ehick 2MEE~ DMK E L
T 37 OFBERZE T 7.

—F, RELUIKERZAFNORBBEIC—HHEE SN2 BREABNE W DEEEINS
KREKDFEE DI, KB OKEKGEZFB/AICTH L, RRJE EbtD KSR
EAT3. 2O%R, KESBESHETERLLERD, Fvr—% (HEEEB OTFH
EBKTBHLT, KAOKREIKEZERBEL, ~RIERVBRET S LKL, O
Kk, Fvr—2ONMIKEDPL 10cm OFHTETCKREAN, Bkildz=v -7
(RK-250 # 4 ) + v K. K) T# 2°C fLic# Uic.

HERYFLEARBOMICa -5 97 (=70°C) 2B, HERY FP~OKER
DBAEBIE L. ’

ERFHELTHR, ETERABNEHEHERY 7 CHEEHNE T RE (9~25mmHg) L
Thby—Re—2 TOMBEFTIE, RELUVLEK[LE (10~25°C) 0E[BREL TS
LIBFEEIBEDT.

ZAEE LEH ORI Table 1 iR, MAxBEKIcHY, ARFBERVERRLD
BRI S LELGES DY, RRBEEOLANEC S, T LHOBARERESTHDE
SREERTHS, #-T, BHEEKEEOHBRECY - R e -2 DANERFA4F v I T
MBELUTITE - 2.

RERICE T AERARER~ORKE 1mm? €= - PICERUBKFZEELT
T8 -1z,

BERAE 6 ITAEBRSEES (ET-1,200 BTHHNER K.K) 2R, #EBX (c-c
0.3mm¢#) CHIHE L. BIESR, HFAE (15, KBEREE (15), AHHEE (4%)
Lt BRERKSE< A —2THELE., B, EEREOEKOEK[BEKER 10, 15,
20 3 & U 25°C D4 BEIC oW TITH - 7e.

2.3 KBHEEXULEIEH

KB EIRIERAR OKIBEE 15°C+1 ITHlE UTHE S b O#EEET U7 8ok od Tt
KIBEAEFT - 72, BOKEZBRILY 4 X 1 mm® X ILE74ED 6.5cm DY + 7 —THKL,
7K & 1% 20~40ml/cm? min TFT1E > 72, T OBKFREE DR HEE X KBHEOF TREITEL.
B, BKIIY+7—TFh 16ecm DL AIKHM (Fig. 3) om#EEIHBAKE M EEEL
BA5X5 I EmMEICEN.

37, ZERMBERBLERERS (NK R-130w) OEMEE 15°C+1 itHE L2 RED
tCERBIEE & FATIC Im/sec DHEDERERRA 7 7 ¥ (5m*/min) TE Y REELKFER
PR LN [

3. RERBRLER

31 BMRER
R OEBZRBEL S N TRV, —BICEERAEREBOMMEE D b 28RS
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150——> size( cm )

Fig. 3. Thawing model® of frozen fish(skipjack)
1. Fish muscle with the skin
2. Thermocouple junctions (c.—c.)
3. Insulated rectangular cell for model of
a infinite slab
4. Rubber band
5. Putty

IS B R RICGET B E COMERMET>TWE. L L, REBOBBEMERITENTRE
R DHULDISE AT IR LIS W AU T ORMERE CREERETN 2 E8E L, C
nig, BEREEBRET 3B CEELLMELINTHEY,

vapor tempe.

water temp.

temp. (°C )

time ( min. )

Fig. 4. Curves of temperature in vacuum thawing (10°C).
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FERTH, AROBPLOVMPEEE —24°C IKREL, HHESO —2°C 2 THET S
R ERERME Uk,

W, BRIV 4+ DBES L L VBRI REREDOTHERDOER, —2°CHETSH -
7eDT —2°C ZBHRBRBL LI DTH B,

10 Fryg,
L »\
W
osf %
X 103=24°C
tp3- 2°C
!.
+lJ Jl—? A t j;temp. at 5cm depth
Ry
oy
005 .
" medium temp. 25° 20°C 15°C 10°C
" 1 1 1 A Il Il L 1 ')
0 100
time(min.)

Fig. 5. Rate of vacuum thawing.

to = =24°C
tf == 2%
t ; temp. at 5cm depth

medium temp. ; 15°C

tp~-t
to =t
ot 0

A

V.1 T AT
H=0.51 M=0.43 M=0.27

O S B - )
time(min.)

Fig. 6. Comparison of thawing-rate on three methods.
V.T: Vacuum thawing
W.T: Water thawing (spraying 20~40 ml/cm?min)
A.T: Air thawing (1 m/sec)
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fREEBRO—FIL LT, BEEKEE 10°C oKL HER % Fig. 4 itR3. CORTH,
L LRAEBELIMBKEEEDLLTOEY, MBKBEREERABOLEICHE T 3%
K[BEC—H LT3, UL, 2RIDBELULKEKEIMBAKEL O 28IC 1~2°C &
BLTW. #-T, AERTRAEKBELHEEICAR UL,

BEXEBEOAME (KR) BEBOMEEMRE Table 21z, fho7—4 LRk, %
FRBICABEECH T 2BEE KRR 15°C It 1) 3B HEE % Table 3 it/R L7z,

BEEEZ I LICRHET 30D, AHOBRPLBBELT SIcBHET 28R EZREL (log
=0/, —1)) LIRHEREM (Z) L OBEBRERNPICS e »y F LT, 200G (M) it »
THREEEEZFED U-DOH Fig.5, Fig.6 ThH 3. Thb DT, M BKEOEBHEAEEH
BN LEERLTNS.

#-T, Fig. 5 OEEREREAROKERBENR LS LBHEHEEI RS, Fig
6 TEEME L MOKPESMELEBULERTH 2, BEEEREERER (V.T)
BAEL, ROTKEHR W.T), Z5MEHE (A.T) TH3LHRL5.

3.2 EMEER

MRERE A2 T3 5 8 3 R 2 B iR R A0 K B B 2 AT+ 5878 T, Neumann™!?
PLANK®:1O | B2 10012) g pett) - BAkAL and HAYARAWA!Y %ick - THEHUELNT NS,

BHTY, BEIEHCPHERERENRIC, Zho0RP LT IREEELEERL
LT, REREEPHRETOLAENEIZBRANBEHRERH (2) 2RO3HH K
=AY

2T, FHTRFERRER T 2 HEORBEFERRN (2) 2R3 ORV ZEAL,
INICERBEROMERHERA LETRIEESR (o) 2HEM L. ZOHKR%E Table 2 &
& U Table 3 izR L1z,

z= 107/1“( +531)F(t“’ o &

cze,

Flta, t0)= C; log 2= 2445 (€1= Co=-)
to)t t (1 1
XlOth—_t;%'FL f<t—f——ﬁ

HEIYE ST, AMEX (0 REAEMHROERFEHR E LT a=2/=0.1m & L.

BEEA Y 4+ O, BERREZINTWS BEA—BROEESEZEICLT, LER ()=
1,000kg/m?1012), #hfzl& (2)'® =1.0kcal/mh°C & LTRW. Z Dfth, KkOH#E (C) =
1.0kcal/kg°C", 3k @ He#h (C,) =0.487kcal/kg°C", 3k D #h (L) =80kcal/kg & L7z.

EHBRZERD BHEESELIBREIRIORI BRTHE4, HEBED KEX
(1,000~5,000kcal/m*h°C Ll k) it 5 &, BEREEZERDZHRBDELBBI L4, R
WH o O EERE L CRERM OB (Table 2~3) » LR35, EEHREEROHEESR
POEERBEIC LT 2 REERIFERICKEL, BRERRICGENLE LT LETE,
CoLIN BAILEY!Y) & MENTCOERTHRNTHLAHEITEL. LA L, HSITELMBE LKE
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Table 2. Results of vacuum thawing.

Medium temp. Thawing time Mass average Heat transfer®’ Slope®
temp. coefficient
t (°C) Z (minutes) Tm (°C) a (Kcal/m2h°C) M (h-?)
10 (+2.0) 2284+11.5 2.05 3373 ~c0 0.43
15 (£1.5) 192410 1.57 1189~c0 0.51
20 (+1.5) 156+10.5 2.83 380~o0 0.65
25 (+1.5) 132412 4.40 263~35277 1.10
a) Calculated from Gensho’s formula of thawing.
b) The slope for log(t;—t)/(t,—t,) vs. thawing time (See Fig. 5.)
Table 3. Comparison of thawing method at a medium temperature of 15°C.
Thawing time Mass average Heat transfer® Slope?’
Method temp. coefficient
Z (minutes) Tm (°C) a (Kcal/m2h°C) M (h-?)
Vacuum
(13 1 mmHg) 192 (+10) 1.57 1189~c0 0.51
Water-spraying -
(20~40 ml/cm?min) 240 (410) 2.32 154~280 0.43
Air
(1 mjsec) 492 (+12) 1.90 33~36 0.27

a) Calculated from Gensho’s formula of thawing.
b) The slope for log(t,—t)/(t;—t,) vs. thawing time (Fig. 6.)

33 RESH®

RBIC 3N T, HEERH OB OMEEEDE NG, BROREEZL LA ICERL
HFETH 3 LEHINTHSY #8 CoLiN BAILEY 5 DRR TR CORILSN TR,

medium tempe.

lcm depth

Scm depth

700

time ( min. )
Fig. 7. Difference of temperature between surface layer (Icm) and thermal
center (5 cm) in vacuum thawing.

300
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V.7 . ing;
.z (epr% ni/cn® min)

S 7 20~
Lt } - T s b{(ﬁ?sec)
r’:::" /I'/""'-

o

~ .

é. lem depth
I

” medium temp; 15°C -+ 5cm depth

240 300
time(min, )

Fig. 8. Difference of temperature between surface layer (1 cm) and
thermal center (5 cm) in three methods of thawing.

ZZT, ABORBEM (FELY lem ) LRABHFLE Gem £) OBEEHBREMN X,
BEX D% R 5720 Fig. 7, Fig. 8 Itk LTz,

LU, BEHEPOHO 2[R0 CR+HMCERABMEOREMMEEDL LTINS L
T2 ODT, BELTHEOREAEOLSEOBEL L ERTFEIEEEKW Table 2 £ &
SIRLE, COBAORABMEEREIRERKBEL LT3, i BRFYEE (T,)
RERXTEHEINTNS, 9

= VT Tdv ......
T,={ L2 @

AERTCRBGEREDEZEBFIREFAVEUTHFE-TNWBOT, BARHEYLY dv=dz
Vo=l tEDbLES. #-5T,

= l de ------
To={ LS ®

f%bén%.QHMDxﬂhwﬁﬁ,ﬁmm%ﬁ%Tﬁwﬁﬁﬁﬁ%fuypbfﬁan

kﬂﬁtﬁm,ﬁmwﬁiﬂtﬁﬁéibéﬂiﬁﬁf$bbhé.%%,EJiyﬂh@
@ OBRPLECOMER ()=005m CHRULETH 3. B Giﬁlﬁﬁi‘ﬁlgkht
ERHLPOHOBEZI/NE L, SLICEREHEEWENENL VE—CBEIATH
A Litish, BOWREERELS.

HEREDBRE, COZGEHRTIEKBER 15°C (iET5 5 C & 4t Fig. 7, Table 2
POMBTLNTES, f-T, MHEEKEE 15°C KO THOMEE L BB LB 4,
BEBRVBREEL L CREAFCEOTRITINTNSB & Fig. 8 & Table 3 4
L5, LU, CoLiN BAILEYY & D#EM S, MEERMENED SEZ 5 &, 15°C R
BELELEDPREICRFTZET 5.
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4 = ]

Hish v A ORKEERTERE TV (Bl RES S 5em K) & LT, 10~25°C OfF
BEECEEREETT, RERE @0 —24°C 5 —2°C KRBT 5HRM) L#
HkOBREM (EEFHEE) Ko0wTKRH L. RAfkic, BERE 15°C itk TKE
U (Bok R 5 20~40ml/cm? min) & 2K (1m/sec) EITHVEERRE LB L. T O
HERAROBYTHA.

1) HEZBETE, KEAKBESE NS LMERMRELZY, BEEOHRTFHRE
dWA LK. L L, COEBRELHEERKERJBE 15°C DL 2 RETH - 1.

2) 15°C REDHE, HEMBEKBEL DEL, REEOBERAMOHRFEHELD
BEZMEBKPERBRE D& o T,

3) AEZRTHBOIMENMLSEHIhEEREERT, HERBOBHACHERIC
L, ERIGEWE AL,

ARFEAEFTS LY > T, RIEMEUEBD - e AFHAALEHRL L FICRFRARA
ABBICERTS. e TEREFL L UENEBCHNINBRE, KERARE, X0
CicEHB—DREICHEEETS.

G )

i ERREASOE X =2/ (m)
s HBERRDKS D sk (keal/kg°C)
s ko He# (keal/kcal°C)
; Ik OREMEE#E (keal/kg)
; EARRBUE OB =5 (m)
s log (¢,—0/(t,—%) & Z OFE (h7™]
; BERTERORBAGOEREORE (°C)
; HEFHEE (°C)
s REFORBOBFLICEHT BERORE (°C)
o ; BEEKREE (°C)
t ; RB oK (°C)
=0/t BEH(-)
s REVEE (°C
; ABOBHER (')
s Akl (kgrk/kg)
; REEED b OBl (m)
; REFERE (h)
; REHEESR (keal/m?°Ch)

QN&:ES?
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1Y)
2)
3)
4)
5)
6)
7
8)
9
10)

11)
12)

13)

14)

; BERBOLKER (kg/m®)
s HERMOBEER (keal/m°Ch)

g2 £ X W
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