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Operational Study on the Diver Heating System

Minoru Yamada*!, Yukio Kadomoto*! ’
Natsuo Inagaki*', Shuji Kanda*', Tohru Murai*’

The diver heating system is essential in deep-sea diving. It must compen-
sate for heat-loss of the divers due to the low temperature of sea water, high
heat conductivity of the helium-mixed environmental gas, and reduction of
the heat insulating capability of the diving suit under high water pressure.

This paper reports on the operational study on the diver heating system
including the hot water diver suit system, hot water PTC heater and water-
tight heat 1nsulat10n on the PTC.

The hot water diver suit system is combined with the diving simulation
facility, and the simulated experiments were conducted at a depth to 300 m
and a temperature up to 5°C. | | | _

The hot water PTC heater and watertight heat insulation systems are
assembled on the PTC of the “SEA TOPIA” diving system, and the opera-
tional experiments were conducted with the hot water diver suit system at sea
(depth to 60 m) in the winter season.

- The principal findings of these experiments are as follows;
(1) The hot water suit system showed rapid effect and uniform dlstrlbutmn

of temperature inside the suit.
Data on pressure loss and heat loss of the hot water supply hose were
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obtained.

(2) The hot water PTC heater’s performance was good; and data on heat

output of the PTC were obtained.

(3) The heat insulation material of the plastic moulded glass microbaroon

showed good watertightness under pressure.

For heat insulation capability, heat transfer coefficient data under

operating conditions were obtained.
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Heat Exchanger
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suction

B KA B
hot water suit
P1; ¥ /K% ~ 7, sea water pump
P2 ; #AKL K » 7, fuel pump
V ; 8, flow control valve
T ; ¥k 2 2, fueltank
B ; #¥ — ‘P =—y burner-
T.C; B E ) 25, temperature controller
RV: % 4 #, relief valve
FM; /i & &t flow meter
TG; {8 E &, thermometer
SH: J8 /k{t#8+ — %, hot water supply hose
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Schematic diagram of hot water diver suit system
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Hot water tube arrangement inside the hot water suit Non-return suit
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. sea test (Jan., 1978) Off Sarushima,Yokosuka
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H
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Hot water diver heating system simulation test
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Results of hot water suit sea-test (flow rate, temperature, pressure)

A | M = B B temp (C TS
dehve
No. tlow rate | +x—2AD [ & K | &—2HDO pfes‘;u?é = =
date hose inlet sea water | hose outlet | dressvre
| (¢ /mn) 1 T, T4 (kef/cm?)
1‘?@? 14 38 13 35 5 FERIIC 12T b
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55 6 0 mbEsKic
2| 1.13 19 495 14 44 5| e g,
31 1.13 19 43 13 41 6.5
41 1.16 13 46 13 38 4
51 1.16 12 - 45 11 39 3
6| 1. 16 17 48 11 43 6
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THhCH T 34 3D, Non-Return Suit T6
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ZIKEFRE], diving time (min)
Ofg#B, chest, o ipusp, arm, @ kKEER, thigh, AMEE, shin, +EHERKISE, average,

FHHE, date: FEFIG2F 11 A 29 H
(29 Nov. 1977)

7K#ZE, depth: 200m

7kiE, water temperature: 7°C
fit#5 2 7k, hot water supply: B E, temperature

43°C, WHE,

flow rate, 13 £ /min

B8 iR BR IR S IR O

An example of temperature measurement result inside the suits
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f ; BEEEAE, 0.3164Re -4 0.66 X 107% nt/s
F
= F-N
- o~
o o o -
Y 2 o " e
i o LINY U R o
x-“_i_‘b z ° 0 shiverring A b &
35 b= i H‘@“"-mé ° C
: ® -r\ 0
i ® O o o o $
@ - a\t A - n/
o | ¢ \ ° - o O
E e & ° £ ° o Z /
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- ° e @ ® i R
mg 30 A
F Y
i @ . i A o) » .
8 A ®
B [
= s
L
a3 %
0 1 2 3 1 : ‘ : ;
|
2 K & L ( B K E K )
hot water supply stop hot water supply
RFfld), time (min)
EHA, date; W53 9 28 [
(28 Sept. 1978)
JK#E, depth; 300m |
7ki8, water temperature ; 7 C
#t#478 7k, hot water supply ; 8, temperature ; 40°C
#E&, flow rate; 15 ¢/min
#7kBR, diver suit ; Non-return suit
B9 B RARE
Temperature change inside the suit when hot water supply is stopped
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di : F—ZXDORE (m)
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t :BE (C)
Hi+ H2= 0
s,

He=2 ze2e

L. =12 .
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mec dt=— 2 w4l

+EXEFSTLT,
=0 Tt= t1 (AOBEE)
=L Tt= ts(HOBE)
DEHEAND EAREE S,

tl—“t2=e 2 mweldeL
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~ e 367.9 2L
Qece*fn(de/d1)

7eZl, Q:iME (€ /min) Tdhb,
LI THRILSDHEITI2>XDLH>TH 3,

IAMSTECTR 4 (1980)

*—Z0#EH resistance of hose, P (kgf/cm?)

¢ = 1kcal/kg

dz2=10.03175 m
di1= 0.0127 m
L =100m

A=496%x10-5kcal/m*sC
Q =& (£ /min)
CNSDOHEICLDBIRDOBEE ( (11— t2)
/ (ts—t2) J] 2R L ERZXI12ITRT,
ZORIICIZE 3DOFHERPORDI-BEED
7oy b 2ERTRT, satBIELEZNERE
FEHLTWAE L EDbhsb,

4. BAKKRXPTCEk—4—-DOEERER

4.1. EKEBEKE L EREHR
BARX PTCt— 4% —DEBISREER T, K53

F£1A118~ 1 BI6H#EEHRRENTERL /-
EBIBRERPICIT- 12,

]
=
¥

L7, ]
L

FiMt, flow rate ,Q (¢, /min)

= — X, hose

PN#E, inside diameter: 12.7mm
£ X, length; 100m

OFHfE, measured value

—— EtE il 48, calcuated curve

10 Rkt —2DERFE RS EHE
Resistance of hose-calculated curve and measured

value
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—————ep / T t ’_L'“-dt I d, d, —-13..._).
. D> o]
$ 4 &
df

[€ - L >
PBLUL;, x—ZXDEZX, hoselength t ;BE, temperature
t1 3 }\D?_ﬂ%ﬁ, inlet temperature m ; %E: flow velocity .
tz2  ; B OBKEE, sea water temperature di ; k— ZDORE, hose inside diameter
ts ; HH[JRBE, outlet temperature d2 ; &—XD#4E, hose outside diameter

K11l F—AroDEIFELEETNV
Model of heat loss from hose

[ }— | |

— Y IET A
= ( support vessel 5= X
| .
&/ K =~
i sea water J'
~
- (PTC)
|
- o P

sl

S

\ o ]

~~ o

- 0

b owef

Y

N

o

it
&F A IN—DBIKIEN$5:5

a A to diver’s hot water suit
0 10 20

i, flow rate (£ /ma)

1. BKHEFEE, hot water supply system
(t1 —t2)/(t3 —t2)=TREZD ., ratio of 2. 1@ EEt, thermometer
temperature difference 3. BKRX & —% —, hot water PTC heater
O S}, measured value, 4. A iBlR EEt, sea water thermometer
— St Eph#s, calculated curve 5. tiEst, flowmeter
K12 F—RApoOHABREFTEMHEGLEEHE "E13 PTCt— 2 —EKk%E
Heat loss from hose calculated curve and meas- PTC heater hot water system diagram

measured value
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4.1.1 ®KI4

mKRAIE, RIS RT 8D Tdh 5, £/,
PTC £ —4% —OEEREEZEE 2IT/RT,

BRI X T A ICRE S NICEKBHEEE, S
BAKE—RERT, PTCIttis&s n 3, PTCK
A-zBKiE, BKRKXPTCe—4—-%2&T, £
D%, kD 2ZFONTFhicHENS,

1) PTC hohicEEIEHIN S

(2) ¥4 x—DEKIRITHEGZGEINS

4.1.2. F #l 5 #

AREEE DM ERAICER L, SRR ET
L1, ANJITh5IR/KEE, BKREL XCOH
NHTH5PTCREEZTRL . 838, +¥7 4
-4 =L LT, WKEEAEAIL /-,

(1) PTCHMEIKE :

PTC it /- BEEH GUEETHE)

iC K - THBKEZES %,

(2) BAKEE :
BKTA ORPICGHKE SN/ 2 BMOBET
(REBEETRARX) T—-1, BXUT-2ikKE-T,

Fhzne—9—DAOBLUTHODEBKEE%

itild 3 (BE3IBLUVEE42R)

3) PTCHEE :

SHRENY — I Ry BEHOR VY —%, F,
b, FogEicEEH L T PTCHD 3 HFDEE
Aatil T 5,

4.1.3. £ H % 2
(1) BKKXPTCE—%—:

77 VAR, 743 A NVKDERBEETHD,
BEKEMIE L T7 7 Vit k 580K LB HE Lo,
HRZBEDODLEDTH 5,

B 2 —H — ¢ Kinergetics Inc. CK)
FEH :
WMHWEEEIR ; AC F 7213 DC

24+ 1V

BEH 2

JAMSTECTR 4 (1980)

BkXe—42—0 P TCRHEHFIREE
Hot water bell heater installed in the PTC
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2 A, 48W CDORDFTAKRELS PTCHEEIR FERTH
HHREAK ;3 7.6 ~ 22.7 £/min at 60~69°C BT EDHH DB,

A RAHE 5 100 ft3/min (2.8 nt/min ) 4.2.2. PTCEe—4—ERBFERDOER
at 1 atm (1&GTE

ST B BEK39en, BEEK20cm PTC ANODERMABQL PTCHTOREAE
2) HEsT BE3IZR) : QT %itH T 5,

SHREEEE 5 0 ~10Gal /min (0 ~38 £ /min) Q=K (ta—1B) + 8 swesssmmss (6)

YEBNTE /7 5 A 3000 psi (210 kgf/cm?) ZIiQ ; BERaE (kcal /hr)

4.9. PTC bt —4 —FROKE K ; 2B Hm*K (kcal /ot hr «°C)
4.9 1. gf?ﬂ“%% ta 7 PTC W%{%E (C)

PTC & —% —BLUHAIMER, Sk, B 5 SHBIKE (G

BIFIMEBIL, FREDFRIETTS C ENTE 12, > PTCAEmE  (m?)

PTC AKETFICAER LD, BRMEEE K& d * PT CrEM OB BGHE” OH
L, PTCHLERL, XBT10vnpiig  E2S5K=0230(keal/nf+hr+C) &9 5, ta
REN-Exdb o THIEAKRT T 5, BLUtB FETHIFER» S, ta= 19. 17 (CHte=

Z DR, PTC RNEBERIER, PTCHBEE 11.50 (°C), BLU S=13.4 () Th 3,

HEL, Ny FAEBKLUAKRETER L, 2O VEIRE->TOREHET S &,
A TIREKEEREBIZE—ETH- 1, Q=09 30x7.67%x13. 4=956 (kcal /hr)
ZDEAERAE 41071, —H, RE&E Qr i3,

; ; ; R R
e 3 i
5 i B

SR S %gﬁ ey v%‘ :
e o *“‘gammﬂ*“-*aﬁ@
o

e i

=
o e
e

s i e
i i S
LRI S Ch i R R
) SO

R
O

=
G
el
Nﬁf:\'m\ e} o

5
o

ce

2, 0 e O, O e

faim

S

e}

Rtk

e

o
ey
e

L

=
e

... T
ER3 B (G502ME BEH ER4 PTCRAADNS & RES
Flow meter and thermometer Thermometer at inlet of hot water
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Q= Q1+ Q2+ Q3 +erevenre

T, Q1
Q2

=@ KE —% — @%5‘% ( keal /hr)
=AY DERHBE
Qs =PTC WG REE

veee ()

( kecal /hr)

( kcal /hr)

WKkt —4%—-DEHBEQ1 T, KI4DEKE -4

e @ﬁﬁ}-

R IC BT, FTRIED S

LIgRKERE

37. 7 °C, ¥HEE/KFHE= 20.4€/min (= 5.4

Gal /min) DED 5,
Q1= 9.540 ( BTV /hr)=2.404 (kcal/hn)

KITAE LD DFREEQ:2 1L 100kcal /hr » man
ELT, i PTCH2ATCTH DT,

Q2

=100%2 (A) = 200 (kcal /hr)

BRICEERMB L L TE, BBEODATHSIH

o,

Q3 = 0.01 (kW) x 218 x860 (kcal/kWehr)
= 17 (kcal/hr)

P)\_tﬂDQl ?

Q2!

QT = 2.621 kcal / hr

(2)

PB

BAREMRIOVAT,
P S EIRREIC XS <, EAH

Qs 2R THEST B L

TR TOPTCH
NThAH5T EBD

TR TO PTCHRE tar 1§, BRAEQ

Fz4

MEHBBQTIRELWVWELT,
Q=QT
Q=K (tar—1tB) S
tar=QT/K*S +1iB
CNZAIHOBEZRHWTHET 5 &,
tar = 2.621/9.30X%X13.4+11.50=32.53 CCC)
(3) MERABLIHEE SN TV S 300 mBIKIEE
AT LRRBGBEPTC E—4 -2 A2 4 3,
300mMEHBESTIDONY) 9 LBETTIE, PTC
NEREE ta 13D75<¢Eb, 30CETHAMNEND S
LEMDOP->TWVWDB, BKYI 2 V— 3 VEER
THREEREL LT, 30~31C° &ELTW3,
—7, AEBHEKERE ts 3, FEicREFTE TIEHE
REBEEZEZTTCELTVWS, REBICENT,
CNEEBHTBHEERET 5,
ta=30C, ts=T7°%C
BHREAE I,
Q= (ta—tB)* K+ S
= (30—7) x9.30x13.4
= 2. 866 (kcal/hr)
—7%, PTC REH#E QT KB L TiE, ik
¥, Qz = 200kcal/hr, Q3= 17kcal/hr TH

PTCr — 2 —ERHAKE
Results of PTC heater tests

wm XK B E PTCHAHEE®E PTC W4t
R/R ;’(TC% temp.of flot water Bk temp. of inside the PTC |/&A B =%
date ) ; it 18 B temp.
water -7 — % | WAD F ol m|T omlE B difference
temp.of |A O|H O|BEE between
outside differe- |flow rateof | upper | middle | lower inside and
B % the PTC | inlet |outlet |nce hot water |part | part part ave. |outside.
 time (C) (C) (C) °C) (C) rc) | C (c) | O (C)
1./11
11:45 11.5 |1 34.0 |32 5 1.5 19. 5 190 ] 183 | 18.0 | 18 4 6. 9
50| 115 [340 (330 10| 195 |19.8|19.0 [185|19.1| 7.6
- 55 11. 5 350 335 1.5 215 2.0 19.8 |1 19.2 | 20. 0 8 5
Y E 11. 5 7. 67
ave.
B RELSAMEKEZ >2¥D0EEBDTH S,
B3 AE= 1 kgf/cm?-ab (BAKXPTC E—%)

JAMSTECTR 4 (1980)
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Db,

e 0%’51 i O =01 keal i)

LZkQiidE—9 —DRBBTHY, Flht-—
5 —DEITNFEDORBELTO0.85E2FZ T 3,
PEEQRIHRATEE,

Q1
0.85

Qi =(2.866—217) /0.85—3.116 (kcal/hr)

+217=Q = 2. 866

b — 5 —OFEZAEMERE (RISZH) »oR5 L&,

He BETTTIRERL>BPTCHEE EWZ
B

72120, TORIDEMD 300 mKEHES & idR
ADT, XOIEAEAEDHICY TR, 20
FHITHOVWTDE =Y —noDEKEIKET %,
SHIGHEMILEEROERBIEE LN Z 5,

5. PTCHREHM DERIMNE

5.1. E B FH &

PTC hoDBIERZDIEL T 5180, Rintt
2EUT, PTC OMBEBLIUHRESIREZED S
CEREETH S, |

EOEKERY L Th, BSROELNE
FEMELT, £F, WEAFRA<A 7a,50—
VARBIE TR L - bOMBBRESN TV 5,

ZDOH & LT, Eccofloat ( Emerson & Cumm-
ing &8 b onbd, HNIEFEES KR
T EHIERKRIGEWT S 2% A4 7 a0 xu—ViES

—

= ™
< &
= 40000} J10000 =
ot

) rd &
5 30000} / 8
& // E
3 . 3
S 20000 / 45,000 5
¥

= i

) i)

ﬁ 10000} _ E

B 377°C

0 .ﬂ:ﬂ 4:1 Eli} SII] ll;ﬂ
k2% hot water temperature (°C)

B ke, flowrate: 5.4Gal/min (24.5¢ /min)
14 PTCk—2%2-—-0XKERE-RAE, R
Characteristics of PTC heater (hot water tem-

perature vs heat output)
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FRAF 9 ITHRBLESDT, MEMHLD B LI
i, PZEERDIZHRIBEICT SNTY 3,

Z LT PTC DA Eccofloat 4% {8 #14 A H{
i, BRFO0538E (1978%) 1 A11H~16H D,
BABB TERL - EBRERTHEAL, oW
BENEAGTHIT 5 Ldtic, REMOBEERELH

& Lz, |
5.1.1. P TC RiEM DEUT
(1)  PRIBM AR

(a)ZFF 5 PRIEM — Eccofloat DB —39
| B #— Eccobond 45 Clear
Fe¥EH|— Eccofloat DB —39 Patch
Kit
(bRBHES ; 1/27 (12.Tm)
(cMREMELE ; 0.725
(AMRIBM BY=EER ; 0.1188 kcal/m hr °C®
(eWREBHMIER (BEA) ; 1.8% at 15007
| (457 m) #B7k®
(2) REMEUTTF
PTC ~OREMEUTIZ, TiEFIETIT-10
(@) PTC~A v ME
RBMIEZPTCORAS, v NEED FicEE4
5CLEL, TNDOERBELT, PTC ORA v
b ASER BT B,
(b) EEEODFER
PTC L AREMEREAET My THRHEE

! D ] ?%;%j 5 o
— (C) *%%%U@:FE 2 kB BT (keal hr)
é hot water temperature
= 40000} ap . 410000
=
oo
o 80
g 30000 - /—-—___
& / =
— Ex
g . — 60
& 20000 //.__ . ] o
E /
% 10,000
L . . . . y
10 20 30 m 50 O

I E é llll { Gal ,“min)
EKME flow rate
He 1%, 8 atm., 72°F (22.2°0), at He

environment of 8 atm., 72°C

15 b—4 —DORHAEdHE
- (Kinergetics, Inc. f#tOERNC L B)

0 2

Characteristic curves of hot water PTC heater (by

reference of Kinergetics, Inc.)
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#EZE % Eccobond 45 Clear 21218 #4 Eccofloat 1) =HEIEE

ODEEER E PTCAXZARE LicBHT 3, T1 ; #BKEBE (C)

(d) REMEES D tw ;s PTCREREE (°C)

PTC icREMER DT o T ; PTCHEEE (°C)

EEAB LR GREISCL L TH2ARE T H Q ; BE (kcal/n/hr)

%, ZOM, BARADRE, EKEHRERE, *KkE,
(e) KB D K£IH - 8 o

!

BREM EREM ORKE ICFEEH DB —39 Patch  (2) FHIESH
Kit ZREHET 5, OIERRBREMDBTRICESE PTCHEDH 5 UHIEES N 4 EffiICE

L 7cD BT - 12, Y =BT GHIL e (K728 N

(f) f+ bk Ti, T2; PTCAREIKRFI olcg 4 T
BEHB LORBHOEL0b, f kg~ REBEETICLB, |
1V 528HT B, Q : #kHE (HFM - MUR, BiIEIE)
5.1.2. PTCEREMBBRGREER e
KZE6Om DHh T, PTC A% KREKAEIC tw 5 ¥ — 325 —@EICLD,
L, PTCANNIE — 5 —ItBREHHE L TER 5.2. PTC{REMMBREDOH MERE LU
ZfT- 72, PAEDHRHEREICEEL/LDOL, &~ [y

= BN TRES L UBRSEE (J10min) 521 iR |
LTHhoitilll a7 BB, B+ + ) 7L HEERBIFIAEH L, QRO RETT
— Y a VRZFTUT EiciT- 12, FLEMTEI, FHAKEREZFR 5 IKRT,

: a
et el
PR g

BHS Ta70- bBLUHIFRZA 7 a/8—0 ERG6 AZRBMERBMZRGDILPTC
Eccofloat & glass microballoons PTC fitted with heat insulator (Eccofloat)

pcy
e
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MR N AT, PTCAMEE, 7L
FBREICHD, TOEELIIREBTR BV, &
 AINESEOERLH D, PUAEBEVEDEVL
3o

529

W Zh3h R D RFAf (3 2R E (KE) %2 b - TIT
2 ¢EELK, ZLTERBOFHTIREITSK
BOHELXIT- 10 TEEPTCARDADES
& P T CARICLRIES (Eccofloat) ZHUTT /-
BEDADIZO2WTITY (MI82R) .

T1 (°C) ; @wKEE

Tz (C) i PTCHBEE (KIHEZK)

tw (C) 5 PTCHERmERE

a1 (kcal/af hr°C) i P T C 4\ D Bz rER

a2 (kcal/#fhr°C) ; P T C Nig D&z ER

An. (kcal /mhr’C) ; BEDOBI=EFR

6n (m) ; BRBEODEA

Vi (m/s) ; #BKOFE

Ve (m/s); PTCRZELEDHE

K (kcal /nfhr °C) ; BuE@EZ

11 e B 1

m_“+2 — 4 —
K @t . 2, An a2

[

EERIEOHAR (AR) K190 & 5 KREEIC
HolcE LTEITEEZTV, 2EER (KE) 2%

(igh, sea water]§ (PTC A%8, PTC inside)
% |

1. PTC 4445, hull plating of PTC (SM41#1)
2. {#E %, heat insulator (Eccofloat)

3. & % —, sensor

16 (REHHEERBRI R%EE

Insulator capability measuring system

234

PTCREMBGEAR (K#EH) OFtE

o — RICDWVTRD 5,
X1 =46kcal /mhr°C ( P TCH4R D@k @
B ER)
22 = 0.1188 kcal /mh°C (REM DEIZEBR)
01 =0.022m (PTCHAHRDRX)
02 = 0.0127 m (REMDEX)
Vz2=5m/s (PTC HOZEKDHIE, NNk —
7= C02 R F5/N—TF /D
BXENINAE)
(1) FHfINe 1 IT DWW TDEHE
Ti=13.2°C, T:=19.6°C, tw=20.0°C,
Vi=003m/s, d =1.75/2=0.875m
(a) a1 DETE

VA 7 WEB G Re =& =2 17x104 (11 By

FEERE nt/S)
75 v b VB Pr =% =8.63 (a: iﬁéﬁfi%
& nf /hr)

0. 0296 Re®® Pr

1 ~I%BRe_ﬂ'1 (Pr—1)
(528 Il 56 O D BL IR B )

X—v) M Nu =

L TAC,
B=0.860 {1+£n( (1 +5Pr)/6) /
(Pr—1)} =1.08
iz Nu = 186. 43

iy = ’Ig Nu _ 108, 45 (kcal /nf hC)
N?/_ No.2
No. 4 o 7 No.3
#EOE E B #® o X

commurnication system observation window

17 REVEESRARVELER
(P T C¥immX)

Arrangement of insulator capability measuring
position (plan of PTC)
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(b) a2 DETHE
BEZAEELTE, T: &twoEEE (tm)
E L TRBRICERD 5,

tm 19.8 °C
. Va2 d - 5
Re B 2. 80x10
V2

Pr = rom 0.713

B=1.679

Nu= 557. 6

az=‘ffm ~14. 08 (kcal/ n hr °C)
(c) &n/hy DFE

PTCH# 81/ 21 =4.78x10 -*
RiEM 2/ 22 =1.069x 10-!
(d KEDHE
REMDIEZWVIES (K1)
01
i% é%*‘7:+"é‘

Ki1=12. 39 (kcal/#nf hr °C)
RIBM AT DEE (Kz2)

1 _ 1 . o1 02 1
K—z_al_i_ll 22+d2

K2 =5, 33 (kcal/nfthr °C)

BEHET #HKFRSF (HFM—-MU)

Heat flux meter

JAMSTECTR 4 (1980)

(2) No.2 ~No. 4
No.1 & [EIREZSEFE A No2~No. 4 i DWW T 1T -7,
FEAHAE S EE LD A XK 6 ITRT,

5.3. PTCREMMBBSERENERDOEE

(1) REMARSTFAZ Lick->T, PTCHEL
BEANBKEIDE T~8CaHFET B &P
T&xt, FIUMREKEE LEEKEBIT K- TR
+10CP LOBEREBAEETH > 720
(2) = AHEIC YW TIE, FHAIERORER &Hicst
BEiAS0WTED, ZhdEdms—EL, BE
REEMEEICILEE T, DIEODOEBNINLETDH
>t EERDOLTWVWS, LiL, BKERIDH
fRT, PTCAHTORIREST2E07, 5HR
Bic /x5 +0EU 2,
(3) #EER (KE) (E2F8icsHRlED T H3ET
BEIDOEAXCE-TVS (E628RB) . 1
FREMEPTC EDEINDEKPFEZIYTH
DH R — FEFAMRE Lo ORBDEES
HbHEEZOND,

@) AREA ORUS IR
BRI 2 AICE, 38 FRIFTH -
Foo AAREM K IC 2T A5 L, PTC

RE M - SM 4l #t

heat imulatul\ carbon steel
(Eccofloat) _ N ¥V

(K, sea water) tw
Q4

v,

bt . e e v

5 |5,

(127m) (22 mm)

B 18 PTCREMDEBEE

Heat transfer layers of PTC heat insulator
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& & I’ H

items

&S

P T C 418 4 BART Hl s 52

Results of PTC heat insulator

K B  depth, 53m

No. 1

No. 2 No. 3

No. 4

g &

remarks

B %

time

1445

14:51 14:57

15:03

M KR A
sea water temp.
(Ty) (0O

13. 2

13. 2 13, 2

13 2

14. 2

PTCWHIEE
PTC inside temp.
(T, ] (C

19. 6

20. 1 20. 6

21. 0

* XE7A L
THIRETHI L
72 o

PTCWHEER
PTC hull nside temp.

(t w) (Q)

20. 0

18. 1 17. 8

180

B R
heat flux
(Q) (Keat /et /hr)

06

92 61

54

BAKPTCAOEE
hot water temp.at

PTC inlet (C)

47. 0

48. 5 49. 0

49 2

B KHERAREE G b)

hot water temp. at
heater delivery (C)

50. 8

od. & 52. 0

52. 1

%k B
hot water flow rate

(£ /min)

22. 0

22. 0 220

22. 0

Hm &E

current velocity

0. 03m/s , 25°

K &
K —value
(kKaat /' m? br °C)

236

13. 3 8 2

6. 9
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Vi m/s

- 2
AR
¥

s

B 19

V2 m]s

PTC fHEDHN

Flow state around PTC

F6 K FHEMEIFAUED LR

Comparing measured K-value with calculated values

K& (kat,/ wthrC)

DEREBEIUVTRICEZATIOBR Uitk LT
btomMA s EBTE, LL, PTCOTF
MR EREM BN PLT L, —TEKBERAL,
ARIEM &P T CHMR & ORI ZE bt U T 72,
ORI LM EEET, EBIRETHET LD
ZieobY, BEXAELE TOM, tTHrosDY
R — b 2EFEICITD Litic, BEEROREEZE S
FOLERDBMHEENZ S,
ihﬁﬁﬁ@%@%mbﬂ%@mmﬁkbfw
1zo TRV BIICHRERD+HA - THI

pofolzb s b, TDT EHSHEERE,

LA, HEIBEKREL &> THREFITHREICHE

DHEDLEIEBBOVEENBLNSE EEL SN 5,

6. ¥ & &

B & FE DR IKTEZICARTIRIEZ A4 /x— il v &
T ALELT, @KMEBAAR, BKEXPTCe—%—
BLUPTCREMICOX, BRAKWIERERA
Tolzo BAKMBIRY R FLEZBKY 2 —%

—ICFIAA THKEZOOm, KBS CE TOERLE,

JAMSTECTR 4 (1980)

No 1 No. 2 No. 3 No. 4
= B O3 oM fE .
(R E gy 8.8 133 8.2 6.9
= | AREHRA (K) 5.3 3 5.3 3 5.33 533
=
B | mEdzLK) 1239 1237 1237 1239

BETCOERER*TTO EE DI, ¥Y—bET
ZEDPTCiREKAPTCt—%—, PTCH
BMEEL0 D0, BAKAMBARY R T L EHED
B TR0 m TOXIEmEEER % 17 > THEEE
EFAMRE L THIEDBEETH AL EEHBELD
iz, DXDHRES .

(1) BARIER (DU I % Indust suit ¥ &
¥ Non— Return Suit ) 2@shticd ¢h, Bkt
HBRRATR 1 ~ 2 min ICIFEDCBREICEL, »D
BANEBEESH OE—CTh D, 33~38°COHPEARNT
H 5

(2) EAKREBHEILELI-BEEDOIRNEER T
10HEL, EREOREDS 5 CHRT £ TORIE
12, Non— Return Suit TH 6 min Th b, -
(3) BAHHEE RV TOREBEHHEN I, EELTH
— 2D ERIC L AESNEBELKTH D, ThicD>
W TRERDFREIENHES, MAEs vy -9
4 22Ny NRIT 5 U9 2DEEBRRENEER
LD &, ERlfiEid@IzE<L —%9 3,

(4) F— RickBEGEEICOVT REEED 5K

==t
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ORAERDEMEE HEE L TELCAKT ST &%

%ﬁl‘ﬁbf«:c
T 367. 97 AL
t3'— tz Q'C'fn _gf_

zZic, t1=A08KRBE (C) (=f##HEX
Z7HOBRE)
tz = AlkEE (°C)
ts = HOBKEE (C) (=Mm&EkRA
OB
Q=wm/KHiE (£ /min)
C =#g/KEE (= 1 kcal /kg)
di=F— 2R (m)
de=F— XA (m)
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