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Heat, fluid and substance transfer mechanism of boiling phenomenon in cryogenic
fluid during functional cooling of living cell
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Recently, ES/iPS cells have attracted attention in the field of regenerative
medicine. However, there is a problem that the survival rate after freezing and thawing is low. It
is known that the survival rate is improved in the high cooling rate. Therefore, high speed cooling
by liquid nitrogen is necessary. However, the film borling occurs when the cooling object is
immersed directly in liquid nitrogen, and as a result, the cooling rate is suppressed. It was found
in our past research that the cooling rate is increased by covering the cooling object by a
stainless steel mesh. However, it was not clarified how the mesh could suppress film boiling. In
order to investigate the boiling state, visualization of film boiling on the surface of cooling
object was performed using a high-speed camera and a cryostat. It was confirmed from the image
analysis for results of the film boiling that the size and frequency of the vapor bubble were

changed with the surface condition.



¥ X C—19. F—19—1. Z—19 (@)

1. WFZERRMA L IO 5

AR BB 5| iPS/ES flid O B HIRIFIZI W T A MKRR-C I O B (R 17 HRF Dk
FFIMHEE VR D, BIZ. B R APS/ES HEIZ WL, T AD L O Ll LT, k. Bl
BOAETFRERMEL | EFREGED 72O OBHFERIFHIN R D DL s, WRRTFICR T /Mo 4
TFERIL, AN LB (R E ORI E KT 5, TOF T, BnHAEE 2 EHT5 2
EN, AFRYGEO DD FETH D, BUE, MWmAEEZ BT 5720121, —MRICHIRIKE
RICLDREGHHPHNLNTWD, —FF, RIEGFEIRFICIZAEIRI R R T T LW b 5847
HZ LTI D, DFY RAELEARICEY BEDHES N, R E L TUBEERHENME T 5,
o T, BEHHFOLRBFEOSERRD LIS,

Z DIRBEEIE D ED 120, BEIBEEREZ e L, o I Aa®E I OES S 5 0
NHD, TNET, BEARR THLIRBEMELEBDOA v 2 THEH Z LT, BB OWRE -
HAEWMGHITEXL DB gholz, DEV ., BERFHOWREEZZLIED T & T, BAHOEEERE
NEGES, ERE LT, BERNBA~OLAREIC LR EEH 25 2 LB SR, Lo
T, BREBHEOLBEGNEOE /e 2T D=, KRR 72 B H T IE OISR D b5,

2. WHEOHEM

AWML T, AR OBAERFICIBW T, B - Al oL om L2 B L, HERS
DFRMEIIR DA L D BB ~D B SOV TH LN Lz, BRI FEBNEZ LTI
FL b,

ORIRZESR & HANY U A% AW TZERER 72 i HIBAR I DWW T B - iR - BRI OB A
LEZREITI,

Q&R A v v 2 X DHERMEBIROEIC X » THENRIRITEHCAE LT 5, KRR E 02 % A
ST 5,

CRZRFEH COMLEBFMEN | BERNOREMND EiL BVDIR S F THEN N SN EHERT D,

3. WFED ik
O BPEFHI FE R

FERAEE ORI OISR 2 X 1, RER O X 2 X 2 1239, AR 2R Lzlek e L
TRE 1S5w%DEREZMHHA L., ¢8.2x45 OF &Il Lz, BREERAMHME LTRIFAL
72Di%, 2R & AREICA B OMIIIR 75% 0N KSTHY FT-AFLHENRG THDH Z &
NHERA Lz, IBER IR, TRIEGES 24 Lz, TRIEGENT, KIREROEE S FEC
ENL TN T, MARERIBEEICBNTH, @WIEE CIREFNZIT) Z &N TEX 5, BRNEHT.LO
BB & FERELRDOIMANCHE LTz, WEOBTE T, BRIHATIBRICER L DXL 2073 <
THEDIC, BT I v 7 OB THEAR EHS 3l mm, BE8FEH D 4mm O S OALEIZ[H
E LT, ZEDOIIKREZZALI D200, ZHEHO A v > 2% HE Lz, linch 720 30,60,200
mesh ODAT ULV ABODRA v a2 AL, KA v 2DZEHLOY A X TENFI 0597, 0.283,
0.067mm ThHbD, £, A v vaDEIFTENZEIL, 0.25mm, 0.14 mm, 0.04 mm TH D, A v
VaDEZIE.FHENTWA TS Y—DERE LT, A LEERRGRE Ay 252K 3 1R
T, BREBREITELS Ay vaid, RV FEAWT, BRaeREICRE L-EEE 428
I X DICHEE Lz, BEFENCIE, AEY =g a—FTT—H OB EITV., RIAEHIT, 77
K O fafik g4 BEMEVESHIAL TR Lz,

Memory Hicorder Pinch |_—
Vial : PR
Temperture ? Tempareture sensor
sensor /lT‘
¥ 1 —
Temperature /ﬂilz L Agar ﬂ Tempareture sensor ]
e
¢$82
I B E 2RO ER 2. BRI OME

@OrI UL TR
B 3B OBAMN 2 R"T. EEIXT TA A A2y b, R, ®EED AT, 77U 8E



Hofkansg., mHxgIE, K47, A (10x10x48mm) % -, RiaHE 54
JBA Y2 LT, MEETONR TR GEEE DM E L7, linch 729 60mesh O AT
L ABL A > v 2 (K 4-(b)) & W2, BIRIE 150W DA X uong RT 4 KT 7 E V=, K 5-(a)
WRT7 TA T AKXy MIHRACBNZ R EEICT 5728, AL FEN 3 Db > T
5. FEATIXSRAEOMIE IR AT 2 ARIBERNR ET S, L L, RIREFR~OHABRORIER
WX AR AT D REICARKIAN A L, 0 BN 217 720 i T OB IE DR RE D #
BIFEAT 2 050 5. Fa®E T, MmO HIAT HARKILZ b, RE T 272012 5-(b)
VR T 7 7 UNVBOIGREZR W, F72, iABEBHE TS ETEREZITZR O, EmfEss/h
SVRAABNENT 5 DIXNETH D, D7D, IBEOHFMEEZFRAT DESX, dHA[EDO Y
A XL 725 TEY (13x20mm), SAAFEE EN S LEEH HH-TWND.

Jig. Cryostat.

Liquid nitrogen. ‘

Copper block-

P | High-speed camera. |

L]

43 Al IR ORI

()8 (10x10x48mm ) AT U VARA Y T a
4 2B
4. WFTERE
O AT T L W= IR o IR E 25§

(@27 74 F ALy b (b)7 7 VAR A

X5 SEERIGE
WRERICHA AN T LEEANT DT & T, MREIZATEIC & DA% P OREE EF o2 R



RO I, AN 7 LK DWEIHEIIRD, EOREOHBOBBHRLICE THHTE 20
WZOWTHFZ1To 72, X6 ICRELBORRINZE\LE RS, AENE, TANY 7 AOFENTE
& LT, WEBREIEANICIEA L7254 (WithHe Gas) &, WHIXISIRIEZICIEA L7254 (He
Gas before immersion) THEEAZ T2, BEDTD, ~U U LAHTAFEAMEL OSEHHEHA 21T
7o BUZEWT, 0 sec PMRINERITIRIEE LRI CTH D, ANV T AFEAICLD . B
EREDOIRE N IHI S D Z & utufé“to HANY 7 N OEEVE, -194°Clr 35 CIRE N E
L TWDEN, AN T AFIZ IREZENIMAHI S TWD Z ER D, WEIRIRIEE
BNZEANLZHAE TiE, 15 sec~28 sec DXWNIIRELZENFER TE A0, HESRIERICE
ALTHATH, BELHRMZONTWD Z ERERTE T,

@/Afﬂﬂ%@ﬁ HEUD, AREEE O

X7, 8ICHGY SNT-IR{EER OB E O 2/~ T, KTy SN-ZBEOFP TR v a2 fb

DEFE LAy 2B L OLAEOREERDBEZFICRLTWVDLIHLDOTHS.

HORHR TR L T DT AERAEDONE CTH 5. AL HANZELZ TN, E I IO
WD, £z, PTROFPIZKE S A>TWDHERWEIE, 77 U ABIREOIRITH 5. kD
JEBHLIANDOEFTNC H DRINT 7 T4 A4 A% v AR, b L FAbANRFERE 7 T4 A A X
v FOBEENSRERAELTVWIRINTH D.

P L7-ghib 2 fEhr 45 2 J:T)‘//.:r#ﬁé%/\&ﬁb\%/ﬁfdﬁ HORESCHEICKE
TREWRCRHEIN B 5 Z E oo, RO T, SiAE T LA EiE TOREZBHD
FHRT 4 SOOI EITS.

K 7ZRT Ay a2l LOEE, (1) OFENGREOEKIENIEAE L TWDH. ZOARKIEIE
Q)@%WT%%%LT%% SIBEERL, R&EL<D. (3) OEIETYHQ) & FEEE Wﬁ#é
S, I m%%ﬁiw_ﬁ HWEAKRL, RELAERINEELD. 4) OFEKTIHREL
7‘_”i SIE, mﬁx%%ﬁia‘é% HWEAIRLT, E~EWVIAEND KO LTER LT
<. &BEREBLT, B RERRRBEELRNS, RRUITEHABORE THRE Lo>o LR
LTWS EFERD.

HSK%?%yV:ﬁU@%é,fy?:ﬁb@%ﬁk%ﬁbf,U)@ﬁ@?ﬁi?é%ﬁ
ORI D20, (2) OfETIX ﬁﬁAmLﬁw Ay allipo THERORIE & 72> T
HZENDNDS. (3) OD’ﬁEﬂZT% RIBIIREZRT 50, K& hofe 2 & THEKIMDO KR
WA v =2 DI iﬁmbfwé 4) OFEETIEB) LV bAXJADKREL Y, HifkE
DOEERT DA, B BIAEL TV DR /ﬁ&/\ﬁm‘é J:Tf//;ﬁwﬁ;%éé:ﬂﬁé
A~ E VA EN TS, }JZIVS:JEL“C I, WA 2l THRE LTV L
T, REZMH SNDHR, BT i)‘//:ﬂﬂfbkﬂ%fﬁi& 52@52575%; Shiz.
AL L D ARK A ERICEHMET 572018, IR Lol A& AV C, BEEIC X S i
WMraEiTo7z. EENLOHEAZ Y TTWDHTD), E{%T IARIAPELSELRSIND. 2F VD, KR
O3S 2 BATIIEE LMK < 22 0, 285780 U E Fﬁiﬁﬁﬂﬁﬂmw‘;é Lo T, fETREIkIC
BUOHEEMEI O A BERDDLZETRIBOBEEEMHT 5208 TE 5. i
AED FIRHNE 20 mm F O @fﬂﬁ;%i@ﬁz)%ﬁﬁﬁmﬁtﬁ%ﬁ%ﬁ fEIEE L7-. ZOfERT
16000 B 7 LT D, AR HITHEMIL 0~255 H 57, FICELOMRTEZ0~125 £ T
DFEFEAEDfEZ FHNT WD,

BEFEEIC K DR OFERZ K 9, 10 (7. s e sk, s chbsr. 77 704k
BB BT — =%, HEEZRL TS, BEEMOMEEFWRIZESE, BHEMES &V
FERNEIZITSL. 2%V, V97 ETHAIRENTWAEEN KX UL, RKIEOER
RKEEISNDREWVWESZD. AvvalBLOBEL Ay a2 YDBAEDOT T 7Rk DL, A
YA LOFNA Y2 FYOHAELIY L FOATRENTWVDLHEENKE N &N, Ay
VaNBENEEDOTRARRIANRKENWEE 2D, £, FVWEBOr—7 2t sE, Aoy
2ELOFNE =T DESIZIELDENH Y, BETHAKIEOREXIIZLATNH D EBbh

-190 T T T T

Without He Gas
With He Gas
He Gas before immersion

-191 +

oo

-192 +

-193 +

E
g
8
%
g

-194 L

Temperature, °C

-195 4

-196 1 1 1 1
0 10 20 30 40 50

Time, sec 6. ANV T LADEANILDIRELH)




5. = TAYy v afYDOHREIETA Y Va2 BLOLGA LV ER LY — 7 NS, 5 I DR
LELTNDZ LD, RRIADOI A XIREIREWVRRVWE B .

OB CTOMBERFEN, BN OREND EN LK HWVOES £ TEEN L SHOMRG

KD 1mm ORI OAE TOFHINC LV | LIATO FEER TR TE o7z, BEHbiE )
LEBIBICER T HABORERLE LT, Ay vaZBNHDITA Yy o/ LE T,
MZEALE DWENEREN LV EAT 2RI H D, SEIOMRELY | B2 b Imm UINOERS O
I THIUE, BROEBEFHEDOREBRESEBZ XD,

Copper block Copper block

4 7. WHERFOFE (A v 2 L) B4 8. WSROI (X v 2 f 1)

6000

5000

% 4000 E
S
’p 3000 %
% >
A\
2000
1000
0
0.2 0.4 0.8 0.8 1.0
ER ()
9. MEEEEDREHZ(L(R v v =
m
2
E

0.2 0.4 0.8 0.8 10

E%EFHEJ (s)
10. BEEEMEORFHEIZEM(A v 2 F D)



Masakazu Nozawa , Shuhei Funaki , and Niko Savela 1857

Improvement of cooling rate during cryopreservation of living cells 2021

Journal of Physics: Conference Series 12001
DOI

10.1088/1742-6596/1857/1/012001

4 0 1

Masakazu Nozawa, Shuhei Funaki and Niko Savela

Improvement of Cooling Rate during Cryopreservation of Living Cells

10th Asian Conference on Applied Superconductivity and Cryogenics (ACASC), 2nd International Cryogenic Materials Conference
in Asia (Asian-1CMC), and the CSSJ meeting

2020

2019

2019

2019




63

2018




