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Methods of Assessing Heat and Cold
Resistance of Life-Saving Appliances for Ship

By

Osamu NacaTta, Kazuo HitomMi and Osamu Mivata

Summary

International Convention for the Safety of Life at Sea 1983 requires the cold
resistance test for immersion suits by using human subjects in the cold water and
the oil fire test for actual fire-protected lifeboats in the pool on the water surface.

But the tests might be dangerous to be done under these severe surroundings, and
may cause environmental pollution. Accordingly, the results have to be evaluated in a
small number of tests, and must be unreliable.

To begin with, general simulation methods of assesing heat and cold resistance of
life- saving appliances are proposed, where technical parameters obtained from the
simple tests such as model tank tests are considered.

Subsequently, assesing methods of thermal protective qualities of immersion suits
and fire resistance of fire-protected lifeboat are proposed in great detail through a
series of experiments and its analysis.

The main results are summarized as follows:

1) Simulation methods of assessing heat and cold resistance are proposed for life-
saving appliances.

2) Spectral absorption coefficient of liquid water and absorptance of sprayed water
were measured to know the effectiveness of sprayed water over the external surface
of lifeboat in a fire.

3) Four kinds of fire tests were conducted in the pool for the actual lifeboat.
The measured temperatures of inside surface of boat and inboard air were in
good agreement with the temperatures calculated from the simulation model of heat
flow into lifeboat.

4) Simulation method to evaluate fire resistance of lifeboat was proposed without
conducting fire test for actual lifeboat.

5) Thermal manikin was developed for measuring thermal resistane of immersion
suits.

6) Seventy-six tests by twenty-one human subjects clad in immersion suits were
conducted to investigate allowed-time of subjects in the cold water.

7) Thermal resistances of twelve immersion suits were measured with manikin, and
correlated with allowed time of subjects in the cold water.

8) Alternative manikin method to evaluate thermal protective qualities of immersion
suits was proposed without conducting cold-proof test by human subjects.
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HL, QuidiE, TJIdWTAD LR, T, ETHEC
bIFAKETHS, (1) Rit Crank-Nicolson |2 k&
B YIERET A O THET 5,

33 ¥ B

MEICEHRELLY I 2L— g vRYML, 3
AT A BRROMEEMNS 720, ROZEERLYE
FEL 7o
3.3.1 HEBRER
(1) KD A< GHERERT ESR

R XK L OF5ET 31213, 7 A2 5DE0Kk%E
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a) TKIED A < STBLERT EER

#11,000 COEEMBMAKEBEL 2L &, FEAD
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1 ; Infrared heater(CsHe) 2; Sprayed woter

3, Spray nozzle 4, Radiometer or spec—
trophotometer 5, Pump ©; Pressure gouge

7, Flow meter  8;Water tank

9, Collector of drops in the spray

Xi~Xs; Station of nozzle
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H—8izkW\T, AIHBIFUKEOPLEB) R
BEO BRI x @5 T3 & ., Z0@EBEFELEICE

33,

Qricm®/min.cm?)

7 AN K OB s KEOHEYE (BAR q,
BeFE Vs, KiR%Eon,

B 5 UTIZZ08m) %

Mork  Plkg/cm?)
f{; -t 1.5
R --0--- 3.0
! \ —X— 5.5
AP
L 1 J‘ﬁ 1 A —_
-15 -0 -5 [o] 5 0 15 X(em)
K—9 73y NIRRT U A DBKRDH
%
£
E_ Mark  P(kg/cm?)
& a 15
20k o 130
xé Bxéx X S5
X
Rai0 AA Xxx Xy
aﬁ‘ée f z AERRQ eoex Kx
A}go°° ) °4o Lé
-20 -10 o 10 zo 30 x(cm)
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R CIA, BERBEL, HESHAUEEBEICLD
Kb s, AL HFOBRFEEIZHET S, 2ATLA
fkEOE S 2de, KEOFEHETEE S V., T8
k% aq &L, d 2 &2 7L A LREUBAR, &,

FBRTEE 2 L OKFEOHY KBRS, ICBEH]RZS
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Lo =qr cde/ Vs reveemmemmnnnnennn, (16)
K—9, 101277y PRULHR ) ANIZE D g Dx

HEDFHERT,
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FE—412, HRRXO ./, Anizl, BHH 1.5 3.0,
5.5k /el D & X DR, FHRKE, fokEks,
PR T EHE, (16) RE VRO ML KEEX LR,
[Eh M+ 2 &, 77y MR XV T #E I3
M3 24, HEIOBAIZFEEEINL 2 v, ¥ 28kl
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DKBEDOBE IR 5 W 2RI R FELE T, X
—15IZRT £ O, BEAELL TLEBRIXTE—
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F—4 ) ANEMEE

Nozzle Pressure | Total flow rate qr ds Vs iw

kg/cn® 1/min ce’/cnimin | cm cn/s cm
1.5 10.1 10.0 29 11.4 0.042
Flat 3.0 15.0 14.2 29 12.9 0.053
5.5 20.7 23.17 25 14.1 0.070
Full 1.5 11.1 5.7 61 9.8 0.059
pyramid 3.0 13.3 6.6 63 10.4 0.066
5.5 20.5 10.2 63 10.6 0.101
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Mark n  station T
o] | X .687
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Full pyramid
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03,
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Overflow tank
Model box

FRP fest plote (8.351)

Furnace

o / urner

Temperature measuring point
A& Fire
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B $
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T AALHMTI25mBENAIE I H B RERF & B
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Wb, WERICHER 2R EIT 3 20 OFUKEE, =V Y
VIVRHOMIEZERER # R FEL Tn i, SMROE
XIIEARE I 8mm, ¥ v/ E—#TCT6mm (EBIZ X
23 E6.5mm) ThH 3,
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Nozzle

Pipe with jet hole Te

Footin

Con
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M—22 fiEa A
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{6t)

Hull (Bt)

incy fank

F—5 MEAKEERSRMG
For test "A"~ "D" For test "K"
LxBxD {m} 8x 2.8x 1.22 8x 2.85x 1.2
Numbers of person 45 37
Weight (Condition) (kg) 3,875 (Light) 6,210 (Full)
Thickness Side of hull 8 8
of plate (mm){ Canopy 6 6
Volume of inboard air {m?) 29.4 _—
Surface area exposed to fire (m?) 45.8 _—
n HP 30 22
Engine RPM 2700 2200
Air supply (¢ /min) 2300 2000
Nozzle 35¢ x 3 (Center) R
Water 15¢ x 12 (Sides)
supply Hole of jet 5 X175 6 X 96
for boat Flow rate » (m®/h)| 48 30 25 0 45.5
Film thickness ¥ {(mm)| .693 ] .531 ]| .478 0 .671
Quantity (¢)| 3280 | 3580 | 4380 | 2380 2070
Fuel Thickness (mm)| 24.3 )1 26.5]32.4|17.6 11.2
for fire Kind of test A B C D K
Kind of fuel Kerosene Heavy oil (type B)
Area of pool (m?) 150 (15x 10) 200 (13.2x18)
1) Engine was not set onboard in the test.

2) Flow rate from jet hole under the deck was disregarded.
3) Calculated value at the lower surface of canopy.

(1) Aok FEER

TP SARRE DM A - BFEAME & (R3S & & 3 1213 ESR R
W2 KBECHE D 2L ARLBRITH 5, Bk
A, BT, BUIARRFIERS WA TRET 20 %

Bi< 7o, BEREEOBUKE, 7 X VIR L T

FITon, BEMARIZEGEL ok, REA S TR
BT A2 K AL— AT AL 9BES TV
5, Hls, Fy/ U—ELERdRBIEFy / E—D

(409)
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S N ANVE NN 77 it \
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TEERY. S
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iaE!
/iiiiﬂ el

HM—23 FAmsEsRE O KEE & 5345

PO BRI 572358 ORI AT, 57
— ik 5 ¢ XT5MAD £ FLE T, BRI B TR A Rk
LRt WERERHIZI5 60/ XNVI2EIZEVE#EE
hTwd, BUKEA30n /h DL 5 DOREMARSSF2H DK
BExo5fi#X—231RT, 7T ¥ AFHTIHEL,
EEISMRES TIZ WA, 2 DO ERTOKIEIE X 13
0.3~0.9mmOFWHENIZH Y, Fv/E—@HTHT
0.4~0.7mm TH - 7=, MBIMRILERE & 0 BEARFL
NS TWwa 2D, 2ORBETI, WTAKIZHEE
L, KIEIHEL 24, LAL, ¥v/E—2S5HETL,
FEANSIRER CRIBE L 128k s, R—8 AT L %R
I2E D AL RB AR 30T, RASMEE O Yk
B x1F, FRMELI, 2OMBFNDATLAI12L 3y
KIEFEEMA-fEIED, ZOLHOKMEL Tk
WEFFOKEE S IGEWEILEZ 28D EEX N5,
(2) A KEER

B &15m, WB10m DKM, BAFIEK TR
Bah, #okE (0~48n'/h) &, BRBEMB A 2,
H—SIIRTAFREBBEONKRERIER N, BFOD
KR S, Fx / E—BETHIIHT ZHEET,
ZOLRNIIETAHOBNES &, HTAkELDEK
DB ESYLYORE %, (9), 10 RIZRA

(410)

LTHEE L 2o 7 A DI, FREUKERZ BT 3K 2
5 DIREUIRRE L RO AR L AE T 2 -0 FE
BExh, 7 & MKz, BBHIAIE C B AR A 230
EWMAEH8m NDF R PUFGTABGIEIZH L TERL -
LDTH B, M—24 I HERBOEOEE & 3 B D
BIEET &, M—2510kK, HEORNINEE, HHNZE
REOREREETERT. KERROLED 20,
HOBRLERIZHE LDE X 2% 2 THI0AOKRE
e, AKEOMGIZHERELE 2L T6EDSHFIHR
Bahr, Biz, REdh, BEANORRE LN,
fER A 25y, BB L ARERASFRTERE & A
SERSRE SN, F 2, FIRIE 120 ECHERREL Y
3RO RIMRREF NIz Ly bah, FEFy s
Y—-NEHORESHAFHN & h 2, BIEERRIL
BACEHRES (F—% - 77 7) Zk VKRR
ORBAFHFAE SN, SN, 8D — %
DORNFEEIZEE L, HENERE & ENAOBRGR A FHE
ENMi, Bk, T SOKEMET— 0 A1
ah, 7Tl E S, AEORERD S b THREE
WEARDL £, LA2rLBOBUKE %25m /h@d x
H7 A CORBERDO—H % X—26~3012R T,
S, NKESEIIEEICER L, IR T oK
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}:\ut é ‘

[l RN (Dy =30m)

e
s

q
L ifeboot
Dr {8x2.8x1.22m)
» { l @ c.L iy €3 RE (Dr * 30m)
RW(Dy *30m}
RWL(Dy =126m)
Pool for fire
b (15x10m)
d
RS (Dr = 30m),RSL( Dy =95m)
X—24 ik KERORE
TMI, TM2 : Hond roll o TFI~TFIO ; Fire
TF4 %mﬁ',:"" TFHIF'O x TH~TII5 ; Inside surfoce of ploke 1T
* TMI~TMG ; Imside of metol fittings
ATTLTT2 1 Inside surfoce ot air tank
¢ TAI~TAIO : Inboard oir
TIS.
TA H
B, Ti7]
TF3 o ol )
N\TI8, 119 irpia
\IO.TIH WL
NN
J
A 3 [: Ve FP
1:1/|| lli:rn 10
7 M4 %
TA7,TA
TA6,TA1 TA2 /_“_L s \ , TFI, TF2
TF3,TF4 —-—\__4:@$,,_ﬁ.m__.e, &
TMS, TM6/ TM3|
~T! TII 115
s | N e
.
Tla T1I0 TIe

XI—25 (M A R SRR i ARG

2B hi, B—2612, AKiEHL LD 30m BN THRY
TOPEE S RN E, EEBEIC Ly b U 2BRRERRL
SHFHZ L BRHAE 2R ¥ o 30m BEN 7 BT CHREH
3,000kcal /mih %78} L 7z, [EH M THBENE L 3R
S ERSLEURWERWLOEREET 3L, wih
LEIARLIT, A SRR 2 FICR L
BILTwde SHEE, MBRREOFMEEY, B

BEEP LA SBEMNE T COEBOLD 2 FTHRT &,
#913,500kcal /mih 2% 3, ZhIZERBHRETEKRD 5

N7-ED/2~1/3ETH Y, KENEBOEE L 7 D

KRICEZHBER I LD EELZSNED, FEMIC

IPAKBRBEDIE KIS, BRADHAREBZOEIC

EOKRKOBEIE b0 ThHY, KEAHMAK

DRERT — 2 Lidhh Y EL—FHL T3,
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ime after ignition (min.) Time ofter ignition (min.)
X—26 C FEERBED 3. < 434
- Fore - Aft
£ 1000 ¥ 1000~
53 e
© £
k<3 1 S i
. 500 ) /./\\/ . 500
2 / TFI ‘3
2 —— -
3 . TF2 —-— %
o Il 1 11 1 1 ) [ = 1 1 | 1 1 S |
B OS2 3 4 5 6 7 =+ 5 ¢ 7
Time after ignition (min.) Time ofter ignition (min.)
P -
§ ov"’_\‘ ¢ Starboord
= 1000+ ~1000
= =
2 [ i lr\" \‘\/' !
-— [ Y [ —
b / /~/ N~ s
e SOOF /! TF5 —— g 500 Fg ——
2 A TF6 —-— 5 TF9 —-—
B / TF7 —--— § TF10 —--—
2 ; 8
E ’
L 0 d 1 i 1 1 1 ) = (0] 1 1 1 i 1 1 ]
0 | 2 3 5 6 7 O | 2 3 4 5 6 7

Time after ignition (min.) Time aofter ignition (min.)

[X—27 CEBREFD NKEE
R—27 12 {Mif Lo &5 & A%620~2, 620mm (§2 O 5 6 hEnENEEELEHRALTILICE, ToE2IEED
ThHh257T—HEHLODES) DEFROAXKBEERT, BRI & MR AV EL P HH» B3, TAMA, B,
RE#1,000C 2308 1, 2,620mm DR EIIHT S D, KOXKHEEEIERIL, 7 A FCEDETFE VY,
BEOCEHIARLC, BERTE CORBMLE N, 2 KRBE L S HBMIRBETH- 2o KKDEES
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Co|Cd

il
KA§\r1k~1

Position

BCODEFGHIHGFEDCBABCDEFGHIHGFEDCBABCOEFGHINGFEDCBABCD
ML B u o Bt B S S B L N L N0 NS M U B N B S S B B S S N M B M B B B TTTT T T T

A,E,I; Metal cover
of window

:

Temgperoture of Inside surface (°C)

TTTTTTT T

Temperoture of inside surfoce (°C)

ol L

1

7 Time (min) 8

M—28 CEREEDX v/ U—NEEREDSH &

AL

< 7afICHIB Y 3120, 10MERF TONKIE T —
gEN2, SOHALIRDEZELHROT—5DH
PEEELSNS,

M—2812, MEENFRIMREEIZE S F v/ E—§i
HREEOME U LAV LOBRES 2 RT, HAIZRE
WEER A, BO#EMBEZEOE SIEKE O G A330
S5h3H, FRUSOEFRIE, 7880 TFh #1100
CCRIBEDERE£#7L Twa, M—29IZ kN &
BEOWEAA 5O EREERT, BED 2 it TEX
T AERL TWEA, 2o, OEE,SDHmE
SR <, FRREORE FREEsRLTWE, 2
NENENNDEZ 2 —KRTTRIIZE 2 - K— 3 DRk

ETFWNIEIRBRTHSIE VLD, H—3012T7ANCILE
113, AR SMEORANBORE 27+, X
—29NARNER LFERETHD, BEHTL, Bk
THHERTONEEHRIZEZ S ZWZ L ERL T3,
F— 6 ILAKEREROBME AR, £—5DOHEE
ME L ER—6 DMAKREBRD T — ¥ LD, EEBEEL
ZHT AEAE T EE A HEE T 5 & £3.3~4mm/min.
Thb, BL, PHAKEBEH600CLIED & & %5
HERBEIRIE L RE L, BAL D EEBRBMBIZL,
EFHBREERT R L) HAREAE TOMIZ 51T 280888
FEIZEARA N, 23D AL D EREL 2o
KREVGHMA K DBAEIZEANE TR VY, THITEOR
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80 2001
70} ,Feriod of fire, 7 min. ag))
(From 30sec after ignition) 1 )
Period of fire, 7 min.
3 (From 30 sec ofter ignition)
—_— GOL e
e s
- )
50} ‘ 10 —_
5 VY 8 e
:E_, ,/ 27 A5
g 4o / S = 5
€ / L~ =
= / L 5
5 30/ /s g
o /! N/ L5
9 ;. 4 -
@ : —1050 S}
20r /’ / 27 Measured { ------- 1350 by
! / --—-—2100 ©
IOT— f 3
A
o | 2 3 4 5 6 7 3 4
Time (min) Time (min.)
X—29 CEREEONRELE H—30 CEERIFOMEAFER Y fF1F SWEDEE
F—6 HEDNKKERFER
Kind of test A B C D K
Atmospheric temperature (t) 29.5 30.0 28.0 23.5 26
Water temperature () 35.0 30.0 35.0 23.5 24
Direction and velocity N~NNW E~ESE W~WNW E~ESE ENE
of wind (m/s) | 2.5~4.5 1.0~2.8 2.1~2.6 2.3~4.6 1.0
Duration fully enveloped wit 2.5~7 0.5~6.5 0.5~7.5 0.5~4 1.5~6
fire (After ignition) (min)
Fire 750~1100 | 440~1200-| 1000~ 100 | 900~1100 | 950~1150
Haximum Rise of inside 40~91 49~110 | 70~150 137~350 5~22
tesperature | surface of boat
tc) {Rise of 8.5~13.5[12.5~19.5] 25~36 14~25 6~10
inboard air
Maximum radiation (kcal/m’h) | 1000~2000 | 1200~2500 | 1000~3000 | 1000~3000 | ——
(Dr=30 n)
KikaBILLbDLEZSNDS, H—24L[ERE 50T puriod of fire, 45 min
!%@ﬁ( é'( 3 @*tﬁ é: m i‘fﬁ l«\, (ﬁﬁ_ta)ﬁg é 8 %Fﬁﬁk {From 2,5;in. after ignition)
N rs) L easured Calculated
K TELIALIL, B MmO A L EE T gao Lower [ Topar
® Port  [TI9---=] _————
%, o] 30} Starb,  [TI8~——|T16 ——
3.4 Ial—2aliRBLEOEK g
M—31~39i2F% v / ¥ — M T HOAFRT & ENZE Ego- =
RZOBELRD, EHEE3.220 32—V = A
Dk AHERRETT. HECBLT, SRORKE gt
EHEHRNAT - 2 BUEO WA K EROBR € | g~
BEIL, KKBE Tr=800C, MAFRILE ¢ =0.35, O3 % 4 %
Time (min)

KEED L3 N X — RIS @ =3/mm, KA 5RO
FEANDBIEER h, =100kcal /i h'C, HWONFE»
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& Period of fire, 4.5 min.

; (From 2.5 min. after ignition)
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o Time (min.)

—32 AEBREOBEANZEZEE

Period of fire, 6 min.
{From 30 sec. offer ignition)
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o
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H
(@)

n
o

Rise of temperature (°C)
o)

o

(o] T
Time (min.)
X—33 BEBRIED¥ v/ £ —NREWE
Period of fire, 6 min.
(From 30 sec. after ignition)
Meosured Calculoted
S e ————
e n|~n; | YE~TAIO P
g 20 P
5 s il
a e Pt ot
£ 10 /ﬂﬂ{ﬂﬂﬂ"“xfu
2 Pt d —’,»’
5 /,/f"‘.-"
® : T 1 1 ] 1 |
g o 1 2z 3 4 5 6 1
Time (min.)

X—34 BEERIFOHEANEREE
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80 Period of fire, 7 min.
(From 30 sec. after ignition)
70}k Mef:::d Calculated
Port TI9 —_——
[Starb_ [T18 —-—-—
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—~
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50F //
~ / T
S ST
= 401 / e
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Time (min.)

[—35 CEERIEOFX v/ ¥—NE@EE

Period of fire, 7 min
(From 30 sec. after ignition)
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Time (min)

X-—36 CEERBFOMANTERRE

5NEDER/ANDILERE hy =3 keal/dhC & L 72,

a, held, PEISEHIFIZE S TR THE b L REK
MR OmEL - (REAEER) O I ab— T g VIZERAL
ZEEFEU TH BN, hild, BANORBTIC K S H
DHBEEEL, BRMKIZE W6 » 4 EETFRD

EWBLER LFEREIIL 2,

MEAMEIOMZER A, 1, REAEEL 2855
B, REFIZEDBNIZEHAIL, 7ANDODOSEEL /-

334130.13keal/mh'C, Z DDA 130,21 keal/m
hC & L7, [M—36125R7 CERIFOMENLLAEE
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3501
Period of fire, 3.5 min.
(From 30 sec. ofter ifnition)
Meosured U Calculated
o r
3001 [Pori [F19---- —_
Stard (TI8—~--|TI6——
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X—37 DEBRBEDF v/ ¥ —NRERE

ERBEHEBELVETFE S, Thid, EREFLY
SURRENHELY EL DT, Z0MDE
A1, JEBUKEED T X M D, BEMABSEHEREY
EL-T ALK ED, FHEFETERMBEICEL—H
LTwa,

[1—4012 SOLAS $#IDRERFIRIZ & 5 KK M
FEMF %, AKEER 8 ¥Rz BT B, AEERME DMK
NFEE & ENEROEE ERBENY 32— 3 /#
RrFT, BELBEHCINE, BAEBETI LD
LEUKBRAMIMS 3P RAITH S 2L W5 » 5,
WIRBREESVC, WIE 5mm T, KBEEEHT A L C LIE
UTO0.5mmd & %, MAZRTERE T. 13#80C, #ik
WETRE T, 38100C ThHDH, ZOREMRET
IIEARORECRAHELE525 28134

EROMBEA KEED N KB & BIFRINE 1%, K
HRERIFOBE LV L AELL 23 TPHEN S, DEIL
CEHFOBE D ¢ DEEREIZ0.18TH 0, HWEIHEIC
LBRMEILEAH o LA LiMAKIE, BRLIHT,
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Period of fire, 3.5 min.
(From 30 sec. after ignition)
Meosured Colculoted
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Period of fire, 4.5 min,
(From 1.5 min, after ignition)
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KEBTFTHSNE Tr=80C, $50.3507—% L
hhniy, EROBRALRIIB TS INREDHESL
FREIZTFRAT 22 IRETH S, BHREL WAKSE

faEE25L Tr=1,000C, $=0.7 1243, LHL,
KR L EAK T, BEOBBTRIZLY, @

%ib ARBSLHAEELUEIZIIEZ5520ODT,
, Pl hEyhangyneEZIShS, KKEBE
Tf A7800C £1,000C, #AFERILHE 4 570.35 L 0.5D
FNFNOBENDY I 2L — Y g vitk3, BkE,
BEFRIRIE &, 8 Pk DEEMR L BENZEROEE ERED
BAME % X—4112, BEN~OIESE & ORF % X—4212
RY. AL, HOME, VEZIRERELFELLD

ExR e U, FIERAE30C, HRE Smm THRIKE & 4°

FAFCEBMUTO.5mmD e %, Ti=1,000C, ¢ =
0.512F 3¢, Ta=180C, Ti=220C 2% V) fEfk &
REOHFEMRA ML 5, {E-T, ZOXIEZHELV
KRFEHOE &I, BUKESBINL, 7AMALEH
BREOKERE0.7Tmic+5&, T, =105C, Ti=
140C 24 ), FHEBANTIZAS,

3.5 FEOELD
REIZRVTESNRREENTILERDEED

TH5,

1) BEAKIC & 3 BORBBR O AR DREAR U
BENADESB A RO 270, BEAKIZES 5L
S8R0 —EF I RERSL R O TR IZ & 0 K&, B’
X, Wi ah, REpH, EASNREIEL, BEEH
BEHENERDORES ER S LREL, BFE
FNEEHR L, SOLAS R#DRAEREIZ L B AKEK
BTFTHYIaLb—Y a1, EBEAKEGT
THOYIab—3a v &#BEL L,

2) KOS HBEREERZERL, KDAXZ ML
TR BEE 52 R 7L £ DIRIER 2 Réd, Bkl k
35 HEDERISIR EM S 212 L 72,

3) AEUFIZ LD, KIETEDbDO R OnE -
ZEEBRZER 2 RETL, BUKR LKEE S OREH
Brauer DEERN(10) TRRah 32 &, RU1) O
YIiIalb—Y g itEnT, KOBKNE a=3/mm
LLTHERENPOEREE 2 HE T 5 & FERE
RT3 g hol,

4) EROBUKERIZHW T, SERADOKBEE D
DALY, YIal—3 g VIIUBELKBEEx £3K
LoRAlS

5) 8m O F R PRIGHAIATRE % 15X 10m DRI IZ:F
AN, BUKREE 2 T 4 BIOMIEA K EER A ERE &
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N, MOMBSEE, KKEE, A5, HEANE
HRE, MAZREES IR s h,

6) BUKBORLZ 3 4 MIOEREDIME N K FER &BFE
DEXKERFNAL T, ARORIE T PEIF DG
%tﬂbaﬂymtb FEAERINE ¢ =0.35 & fRE
L, Y3Iab—32 3 2k ERANERTEHANZR
DRERFEL, EREL L, BFL2 -z H
7o
7) EEOBENKEIZET S, HANORRE L
RNEREUHEAZROBRE LAE 32—
3 12k DRD, SOLASFHTHET 5/ EED
NKRFEBRIZE Y, BOTBAMELFET 2 2L DA
BERIRRL

8) EMNHMENAKERLTERET 2 & %<, FUkR
BEONMIE L RERBR CHMT /Y7 2 — 5 &2KD,
IhADMEEREVWTY I2aLb—Y 3 »I2kD, EX
RKEFIZ BT 2RGEOTMAMRE 2 cE 2L %
Y O

Bk BT R AR O TN ACK R 1 2 RER K
UERANDZHBE L EE LREZRD 3 32—
a VEATEERHEEL, ERICL 2 4MOHAKEER -
KIZE DAL HBROBEIEROER LY, ZhIZAH
FTEIEMEARDZ L LI, Yialb—YvavDE
Y EFES D 12,

AR IIEAR UHENANDEHRIZEREB WD
REIR A OB IR FHAESE R OIS D v TR
LZhod, XEK3D 12h D kDT, BEOENER
A, B EEOKETEbLh TWIIE, HEEBS
WE Y &, BEEELC AT EEE v, KEDHAK
BEROBRAKLHEETE L, AKEBHL, ERO
B LS B TH B, 512, RBRIFORRE
RERL AL EsHEEEOH T - S 3BH W ST,
NE BROE »S G, AMETOAKRERZILY,
h 0 ITBEAR R OB EREE &AM E RO SRR
BoRER e, ERMOBUKREBREZERL, Zh s DHER
CENBs i/ ST A - EBWTY Ial—Y
3tk D, MARUMNOZHREZHEL, HHiE
DOtk - Wit 4 3-ME+ 2 HiEHP L 0ET L E 2 5,
3.6 HHMOTSMEETM:E

PIEZ &0, SO L, FEROHARK
BORBELTY Il —Y g v LHE 2R THHE
T AEHERELL . ZOBREMIFIREZH—4312RT,

BEAKRECOROMEMEEZ L 32—V g Yk
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—43 O P L A

TRD B0, 3, VHISRN L FBMEOFEBES
f, KOZ AN F—IRIEH (a=3/mm) EOWMAHE,
WBEAREE (Tr=1,000C), #BIFRINE ($=0.5),
KR ZEREEER (8 %) FOMWHEANKBMELIAS
LThHE, ¥3ab—3 3 ET8E BOFESE 4+
WE S, Bk, Ty BRBEEORBREDRE
®ANT B

AR ORER IV T, DRERF THEORXA
wmE, HOHEAME, MEOMMEERELRD S, /-,
K—1812MHY ¥ 2 BB CEEFHEO—HEIZIMRDO 7T A +
E—A%RMOMF, ZOHEEY 32—V arhbid
SN-EEREIZL S X )MEAL, SMROBERE &
FERN D H ABEE D SROBE(ZEE L, HAEHE,
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BEOHAOHEL S5 b, 523215LF 5, FE
AICLITILA 3 L REHER b Kbh, BILIZHEKRL,
LHLBIMTE LS, @BUET 78— THEh
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Eih, 0CIZEWKFTLE05 ADmeaEEH/254%
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L, RILA=—vEY—wL-vAFYy (UFeixy
EHBVI)IESHL, A VDRI & BIKDIEI &
Kb [wAFICkBFER] #FEEL, v AF V12
F R 7= A — 7 OB & WEEE OWRP TOHFE
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42 Y=< XX OB
- - wAF VL, RO AMRICRE

(420)

| ~ IX No, of part
1 ~ 26 No. of senser

X—45 Z&~ ¥

T3 8% S HEMIRD 3725, Winslow® 22k
NER s, HIROBIEHIE, FRIKNE L BRIRRE
EDEFNFThOBEIOXEBREOKER, BIE,
RUSROBERE 2llE USBIMAELEL L, FXK
IRBO BRI & D BRIRBOBIEI 4 1R T 2 2 L 1C
Eokodsnz®, Lal, ThaemegEcllET 3
12id, BREFCECOBERLEL, £/, KEERD
MR R RIS OBE R LT, FiC
FICAKROEHNTH-» TELRFMICEL 2720, 1288
T EBARDOBIEPUE % FEE W,

20k, BEFREATWAHRITFEROY—<
V-2 aAF v ERBL, Av—Y3 v - A-VORE
HREBRIGERL 2 v A%V, KA BEEEMNRE
SNATNIET, BIZ 9B hEl s h, BEBAL
ik —~%—, w4 7077y, $Y—FA ¥y &%
Wz, 2ONMBERERIIRHEE TR ICHETE 3,
> THREMEL, FENERET ZEIRRETET L
X, A-VOBENERDZZEHTE B,
EERIAEL ZRABFRHO A+ v 2 R—45¢
F—TIITT, vAF VIIKEHE L, 20KPIC
BT AEEEERIE, AMKLEILILE R L9, 30D
ATEIREEIZ L 20 A— Y ORRN 23+ 284, ~
A F BRI ORES, EEEELRAEL CHIMLEN
bb, £, A4AF UV OREEE ERFTEDMEIL, [
LEMLTh->TE, ZOKEBESLA—VYHIRKDE
BEICLORL B, E- T, EERATIIRIMERSRE
LD =3 % v 2IRAOBESHO1RE LA
T2 &G, Eif, BHMNOLEL LY 2 HTIC
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2 5 < 3 ¥ U ENEEEY]
ux4% FTAI-DLACH REEERNEE 5] 3
¥ RABF. 3 0EamEsEs % AE T
xﬂﬁi i e AR Y-V 1-EN v - Zt ¥ — AR
'YK gmmm\mma&\mag@ufnmam %
awzﬂ'ﬁﬁw WE | LEX xum{xnml l BRE| B&| i
i (n®) .163 ] .376 | .280 ] .170X 2] .125X2| .14X2 ] 1. 689 0272 .0143 ] .0415] .0137 | .0473 | .0610
<t S5 1700 . kgBH 970.BHO T40.BEBHO 910 (am 2 EH
% ® as: 65 de® (M 40 kg)
B L 2B v =il & N, % O)EFﬁ'@%}’-OILﬁi wEt
WL, &SBAEORT R L Rb 2 RAROG '~ 28 No. of senser
P, AL 2o B Y 1, B X30mm, #E12mm, o 2bcm L dem
B x0.6m0 3 — MRT, #3252 5y B 5 | a7 26 |
- 9 13

LH—ESRANIZEY, vV —RERAORE 2B
TERZLILEY, BERAFET AR TH S, 4 F,
BHTIAF ORI, -V —FENEL T3

7= &)*ﬂE’JlZ/J‘ SLBENT 2 ENTELR
— Y ORMEBAL ORI, Flg

AEL s — 2

Yo ZD7=D
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FrEHWTEHEIL 720
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#—8 WHEBHA A~—-3v A=V
RBE] (F—79%-0 [XELOZKMIRNLHE[E K K 2| 258
EEEREH 2=-F | F & (kg)
I — & ARTL SERT | MR =2 4.3
ARITL | BRITL | (BAWMBIA
H — tk RHFEUY AMRT | MR 13 L 5.2
R |— & Zai# ). Z I, L 2.4
Al |79%— NMART | SMRH ["EHR] 6.9
1v+— ABR® RaME | REHE | (ABRER
A2 |— & &m# B E | B k| % %#mES| 6.3
;L 1L
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B4 |— # &m# SAERT | Kkl -] 4.3
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40+ — &Kk RAaH  RAEAH
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13— B BR#B ARITL | (BhMMBA
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|| N T L 23
=] . 0 T 5 _C
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fF=V v 777 AF—%2%35h, BAEHCHEE
1Zh->TWw3, & ¥, REOAIERKY T, EEER
Buwa, KIZWENEBICHAY T3,
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X AEEREM A TEAET - B¢ THL OHIESE
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B+ 2K, Sulk, KEZEOBRESRMY, KkbhTo#it
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Control room

] (3.6 x3.6x2.4m)

} SM"' Plotter

_Low temperature room
(5. 4:3.61 24m)

Immersion suit [~ trot Termina! bos. Nos
Thermal manikin \ thermai ||Surfoce temp.| 29paints
(Subject) manikin

9points
Fon l
Terminol box
Power supply!
Inner 'lmp
Air temp.
[Circulo- ir_flow r P
“lug ’f
o ]j -
8 Woter flow metre
1832598 5z G___j
_Sensor_of thermo-viewer
IConollar l
l for room temp.

—47 FEx -

B, RURBEZ L HIH - FHi
EFED% 3,

P ERR T, BRI v—Y 3y A—VE
BELEY—vN - A FVEERBENIIRIT SN
1,830 920X 920mm N EERKREHNIZAN, 1 ~v—¥ 3

A—v #ER L 2 HERE QKDL EFBESIH
Ly aRsETCEET S, BELRME, Wb, ZREK
DiEFE B X OTREIL, EKEBORERHEE, Kk
AR 7 —F—, BIIARY TLEEIZLY, REah—-

IhAHEITHL . EEEICBEEL 2RI - F
FiZIE, vAF VHIEEE BT -sab—, T
— SUHEEBLEFE Y, viA% L RINEICERE,
mﬁ%mﬂmaﬁﬂééﬁMVﬁotoﬁﬁ¢,ﬁﬁ

mLOKE 2, RUOHRE, KFDEE, <4 F L &E
ﬁ@%%§95 v AEFVEREONBREISE, <
A% RENDEE BFERS26H, fv—Ta v A
— v OIERERE 3 S AR T — TIZiiER L 2,

TAFVITED, A—VDOEAL i OIEH R (m?h

AHA - AR B HIE -

T /keal) RO A — 7 2RO FHSIEMR 1L, (19), (20)
RN&EDIKRE 3,
Ri={(Ts,i—Tw/(Qi /Si)  werrererrennens (19)
N N
R :ZI<SI '(Ts,i_Tw)}/§l€si '(TSyi—Tw)/
R} e (20)
2R UTs,i A% OB i ORAEEE (T)

T
Qi

DA OTR AR (T)
YA X Y O i DFESLE (keal /h)

EHAEE
Si I wAF VO i OXREHE ()
vAFVOEREEES, 2ERELQ, Y EHE
DFERESTs &4 5&, (21),(22) RHA %D =,
N
TS=§](Ts,i sSi/S) e (21)
R=(T:—Tw)/(Q/S) teverreeirrnen. (22)
EREUERERFZETIE, N=9, Q/S=Q/Si=
100 kcal /m?h

A=Y &#FRL L7 A¥  OFREMEE, KEORE,
KFEDEE, X—VvNB DORABIZIOBELZY
60

X—48iz, TRDA—-Y 2 FEHL 284+ F 4
£—90, a) Gt (K—48DAHN), b) K (RO

EP) TOEHEERRRMIZH 35E, ¢) bLEL%
Bx, 2&&kdic kw2584 (F@EN), d) b
FOKRDOERE L 1BE (FIXED), 1IZ#1) 3 ZEAL
OB AR T, F8, BHOMERIITF - B
TAXVILKBMETH B, BEMLIZBIT S a & bk
%&#m%cﬂﬁ%ﬂ?% IZIFEL v, a & b OBIERD
BOE, A— VA RE &SRR (a TIEZER, b T
13K) & OBZEEROBVIZL 3 L0 T, REHE
DG AR L &, ~AF VN EE,S A -
HEREE TOBMEDHERIZ L T3, c DEA
12, b XDRHPBEHEHD 2V ADBIETIZHD L,
d DKFE % U RBEIE, MR IR & OB EHEH
DI ED a £V LMY 3,
X—491cBERID X — 7 2 FR L B4 351) 2888
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o Standard
e Totally immersed } in water
x Not circulated
a Standard in air
Head R A
Upper Limb (Left) RYEEY
Upper Limb (Right) 4
Chest XUERN
Hip DY
Thigh (Left) f § X
Thigh  (Right) 4 &
Leg (Left) ¥y bx
Leg (Right) ¢ & .
Total ox a
Hand [
Foot Lo N N
0.0 Ol 02 03 04 05

R (m?h°C/kcal)

—48 A =—2 3 ¥ 2= OELHIBMED (Kik,

Ingress of water, w

o B3, in water [o}
e B3, inair
x B4, in water 1.5kq
& B4, inair
Heod QA
Upper Limb (Left) P T »
Upper Limb (Right) 4 L
Chest T %

Hip Y
Thigh  (Left) t ¢
Thigh  (Right) 1%

Leg (Left) )

Leg (Right) c & 4
Total X0 . a
Hand X o
Foot ) © . )

0.0 Ol 02 03 04 OS5

R (mZh°C/kcal)

K—49 A ~—3 3 v A=Y OEAIHEIET (PREE

KMOFE, 17 BARDOEE, BRY)
#£—10 4v—3 3 - 2=V EIUHERMAEO ST
B R ¥ H oMK R F T FF IC Kk BEGMIER
(n*h°C/keal)
HHOBEX | M W R | & K aQ b S R
(an) (kcal/a*h°C) | (m*h*C/kcal)

1 5.30 0.0470 0.113 0.32 0.20
Al | Tud— 0.46 0.0581 0.008 — —
{ /= 9.00 0.0363 0.248 — —
4 H 9.46 0.256 0.50 0.42
2z A2 | 7% — 0.60 0.0501 0.012 — —
| 19— 11.90 0.03417 0.373 — -
v H 12.50 0.385 0.59 0.47
a| B3 |W #* 0.52 0.1015 0.005(22%) — —
v £ Dt 5.30 0.0478 0.111(78%) - -
. i 0.0876 0.33 0.23

x| B4 6.44 0.337 0.191 0.44
B5 — — — 0.55 0.22
| B6 — - — 0.40 0.20
B7 — — — 0.42 0.23
B8 — — — 0.58 0.36
B9 — — — 0.49 0.33
AR F 0.75 0.0781 0.010 — —
& YEE R 0.48 0.0599 0.008 — —
H 1.23 0.018 0.13 —
B T & 0.75 0.0781 0.010 — —
<] EBK 1.03 0.0617 0.017 — —
H 1.78 0.027 0.17 —

A KhTO2RxF /ic & B FEMERIZ. ABICBAMNWLVIBEDOETSH 3,
#2) B3ROKME (2FMBD 22 IEERD LHRABFHIZEHN S TOLL,

EBR R TOBEH 27T, KPTHOZX— Y HNIEAD
Bk, B3RITIERDH LMY, B4R TIZ1.5kgal
HENI, € TB 3FRIDTAH &K TOZEBAL D B4
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W NG, A—VvRELTEEKEDREEERNE 0E
NDHTH2H, BAROKBTORIEIIL, Wik
ENELT 30, [ kb ToRIBMOEITB




SEIDBELVIERT 3,
[K—501%, PEB~DRKEw (kg) & A~V DFHEEL
IOV E— AR (m?hC /keal) & OBFEERL 72

AoF
X type [
osl °hreBd
3
I oef
o
-~
E oaf
ki
[} .OZZ
i J
1 1 i 1
) 2 4 6 8 10
w (kg)
X—50 #KRIZEBA~v—3 3y« ZA—YDEIEHD
KF

#—11 F - REO RN

(m*h°C/kcal)

F R | B B

4T 1 0.11 0.14
<z Al 0.17 0.19
| | A2 0.15 0.31
~|B3 0.10 0.16
2| B4 0.06 0.15
v | B6 0.02 0.18
Z|B7 0.07 0.14
| | B8 0.10 0.16
viIB9 0.06 0.15
K{AF] 0.01 0.05
E BEF| 0.02 0.06

FED f=w—vay s 2—Vickk
KEESTL L,

F2) KELRFREFLL
HT2EL, AREDSH
mEERYRETALL,

LEDT, A=V OMBEIZEERL < (23) RTERah 3,
—AR=0.030w" 54 (23)
F—10IZ A — Y & 2 O KBS OBIEN £ 71,

KH, A—VEOERMEORE S, BZER SR

kZhFn d, A, R, FERCH LR OO 2R 034K

% Ra,i, A=V ERE & IMRR K & OB(ZRIRIT &

Ry&¥52&, KHEA-VEERALZvA4A % OBRIE

LRI, OB OECETHILLTEZ S

&, (24) XTmansz,

N
R=Z](Rm.i+Ra,i)+Rw ............... (24)
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72720 Rmi=di/Ani
(24) NiE, T Ra,i W Rw BINZ 21HIE, =2 F V12
& B PHEESIR K 0 I E A — Y D RIEBA R O B
EHOMEHER L 2EIEL W2 & 2RT, #—10&
h, BRMEEOERE, A—UiEELMEERE
DEZEIZ L 2 EGEMOFIE, A, BEIL £#90.20
mhC /keal Th 3 2 & A5 H 5,

F—11ZF - B9 AF L I2LBA— YDA T
EIHAETRT, F - BHOMEINL, 28<4F 0 TR
O 7= EEEE, IO & 0/ & 0,

4.3.2 HREILLIER

WERE DEME A R—12187 1, 21ADHERE 3 VWY

NEBMET, ZORI6ANITI~23BDFETH B, E

40 18 CORE
%) 75 NECK
< 5 BACK
T30RT=
o
£ ~—— _ _10LEG
o -
—

-~ 17 HEEL
13 TOB—

(“gg)éto‘l'
10 ¥=0.01ka) 12 FINGER
30 60 90 120 30
(min.) (min.)

40
o
~ 30
Q
E
[
—

n
o

10

30
(min.)

40

o 5631318
< w=0 (Kg)
.30 15
a 5
£ 4
=20 \\~13
\\

$6,3-3 - 7

Q-0

w=0.10(kg) Ny

(o]
o

12

30 60 90 120 30
(min.) (min.)
Suit I Suit “R”

=51 iR T TORERE O iR R
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#—12 #HERE
BRI 55 | BE | kR | hEmh "] 7o 7Y u—UAK ¥ KRB EREY| RHm © |
@) [(em) | (kg) | (m*) (am) ® (kcal/m*h)

s 19 | 173] 63 .11 .12 1.22 20 10.0 —
s 19 | 173] 712 1.80 2.1 1.39 28 12.3
s3 | 19 | 175] 13 1.83 2.40 1.38 22 10.9 —
sd | 21 | 162 &7 1.56 2.17 1.34 — — —
s5 | 21 | 167 66 1.70 2.37 1.42 — — =
s6 | 22 | 169 56 1.59 1.97 17 — — —
s7 | 20 | 162 6l 1.6l 7.32 1.44 35 14.8 =
s8 | 29 | 163 69 1.70 2.58 1.58 — — —
rl | 22 | 171] 65 1.76 2.08 .17 29 12.3 | 43.5~57.1
r2 | 22 | 168] 60 1.63 2.13 1.27 24 10.4__| 45.6~53.4
r3 | 22 | 176] 15 1.86 2.41 1.37 57 17.9 [ 37.6~50.9
rd | 20 | 163 6l 1.6 2.31 1.42 36 14.1 60.0
r5 | 23 | 116 16 1.88 2.47 1.41 23 12.3 | 48.4~68.6
bl | 3 | 112] 68 1.76 2.30 1.34 — — 49.4
b2 | 33 | 166] 63 1.66 2.29 1.34 — — 38.8~43.8
b3 | 32 | 176 62 1.71 2.00 1.14 — = 39.4~45
b4 | 19 | 167 58 1.62 .11 1.26 39 15.7 | 52.3~51
b5 | 19 | 168 55 1.57 1.93 1.15 2 11.0_ | 43.6~54.4
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