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Study on Body Heat-Loss and Heat Insulation or Heating on a Diver.
(Report III), Body Heat-Loss under Hyperbaric Herium-Rich Environment

Kazunori Tomiyasu*3, Hideaki Nakayama*#

From 1977 to 1979, IMASTEC performed a series of saturated
dive simulations to 300 meters, named “SEADRAGON project”’. In
those project, we experimented on body heat loss of drivers. A part
of these results, the skin change, rectal and breathing gas temperature
were reported on JAMSTECTR No. 6.

This paper describes the results and method for measuring body
heat loss. Heat loss through the respiratory system and body surface
(skin) at 31 ata are given. Also, insensible water loss was measured
in respiration and perspiration at several depths. |

‘Qur data show the following:

(1) Heat loss from skin was at a minimum at comfortable temper-
atures.

(2) Respiratory heat loss became greater than one atmosphere.

(3) Insensible water loss through respiration decreased a little when

pressure increasing, but insensible water loss from the skin de-
creased sharply with pressure. |
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K. Muraseb’ 28 168.5 59.5 1.69
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MI%E, temperature measurement of skin, rectal and respiration gas
measurement of respiratory insensible water loss

measurement of skin insensible water loss
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Density and specific gravity of gases

SV w® B/ |k B (FE)

symbol density specific gravity
(0C,1ata) (consultation)

Po, 1.4289 1.105

Pco, 1.9768 - 1.529

On2 1.2507 0.967

Pie 0.1769 0.1380

Puz0 0.589(1007C ) 0.463(100°C )
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Molecular weight and specific heat of gase

A" 2 ¥H S (M) | e (20~40C) (C)
gases molecular | specific heat (kcal/kg, C)
weight
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The subject under measurement
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Measurement items of thermal balance

factor of thermal balance

#oowm w8

measuring 1tem

1 2t 1 (M)

metabolic heat

- BRI E
OXYygen consu mpti on
- PR

respiratory volume

S (S)

heat storage

- KE

weight
s EH’%T;{L

rectal temperature
- RE iR

skin temperature

ft== (W)

work load

- RE
weight
cHE
height
4

age

EEHE (K)
conductive heat

PR & BT B KM

skin area touched with substance

- R L BT A MR

skin temperature touched with the substance
- BB LT DR K RE

surface temperature of the substance touched

with skin

gt (C)

convective heat

RIS
atmospheric-current velocity
- KRR
body surface area
=4 i

skin temperature

K5 (E)

evaporative heat

- BRI SR
atmospheric temperature

RAE LE]"

evaporative heat

B 24

respiratory insensible heat loss

- IR
respiratory volume

CEARBIE B L U

specific gravity and specific heat of gases

< IRBE 7 2 HLRK,
atomospheric gas component
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- BRI AR
inhale and exhale gas temperature

- MR SR

inhale and exhale gas humidity

AR LE)

evaporative heat

BRI E

insensible water loss without urine

FRE

weight
- K E

water intake

 ERAEE

food intake

- PR E

excretive feces

- HER R

urine

s IR A7 2 B MRS & B R
loss weight by respiration for O, exchange to
CO;

AR FEFL (E]

evaporative heat

- PRI TE

-body surface area

- ERBEOKERIE

vapor pressure .over the skin

- FREE O RIS

atomospheric temperature on the skin

WA (R)

evaporative heat

-0 1 AN AR it 2
insensible water loss of inhale

and exhale gas

- IR R

inhale and exhale gas temperature

 BRIR AU

inhale and exhale gas humidity

- VPR

respiratory minuite volume

i 5 (R)

radiant heat .

« k30 AR TR

effective radiation area of body surface
- B iR

skin temperature
- BNEETIRE

wall surface temperature in the room .

22823

atmosphere condition

EY
atmospheric pressure
+ IR
atmospheric temperature
 IEE
humidity
« FRE
atmospheric-current velocity

- A FH R

gas component

- BEMIR

wall surface temperature
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R, depth (m} Po, Pco, Py, temp. RH

EHIBE fig A0 /K HA il £ 2 I IR EE
pre-dive ] saturation I decompression post-dive
300 s =N BREEE
/"\ 1" decompression rate
300m —60m 1.8m “hr.
60m —30m 1.5m “hr.
. 30m—15m 1.2m 7 hr.
2004 22'0(,5 . 15m— Om 0.9m h
E 1 33 12200 Po = (.4atm m B m i L.
- N Pco: = 0.004atm R 2.7 3 g =il
E Pvz = 0.79%tm decompression schedule
3 rate temp. = 31T 00 : 00—06 : 00 fKE stop
™ o s RH = 60% 06 :00—14 :00 fE¥ travel
8K 1001~ 1200 14 :00—16 : 00 KB stope
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ol 14 - 90 12 : 00 20 : 00 10 : 00
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29 30 31 1 23455?8_910111213141516171819202122232425262?282930311 2 3
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S— PS5 TN ;31 ata 19797 A~ 9 H
Seadragon IV ;31 ata jul.~Sept. 1979

X D R ENE MNSE % 17 - 72 R & 7159,

The arrow shows a measuring point.

P— P73 NOEKITHE & AR 0 %E o 167 1]
Dive profile of SEADRAGON IV and the measuring

point of insensible water loss
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thermistors ~—- L —
%: ] Sensors
= BB
skin
&g s 7L BlE Bk
Cylindrical capsule
BHE 2 KBEPRKMDEIE
Measurement of body surface water loss
# E B o4 REHEER(%)
measuring point body surface area rate
1.07%48 forehead 6.3
2.8ikE forearm 15.2
3. 7% palm 3.5
4 B3R  chest 9.0
5.8 abdomen 9.0
6.5 " upper back 9.0
7. 0858 lower back 8.9
8.45¢< b3 E calf 342
9. RE sole 4.9
i1 Total 100.0

BSA=0.2024 W0425 []0725

M2 KT 5 & R R
Mesuring points of skin insensible water loss

and rates of the body surface area
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(O ; shows the the body surface heat loss value

at 90 min after start of the constant temperature.

BL &5 | TAFF 45— | EJi(ata)
symbol | - subject pressure
® SO \
| f 26
A SM
B ZA SM '

(1) fR&E» L DEIER

Body surface heat loss under 26 and 31 ata

13 WBREOUERRE (F01)

Measurement results body heat loss (part 1)
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B
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v
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0 L. I 1 1 3 1 L 1 i [ L H
25 30 - 35
e A A Z i, inhale gas temperature -(C)
% | AL As— |ENea) (@ R R
symbol subject pressure |regression formula
I A S O y =—3.58x+130.7
11 & S M } - y =—3.94x+144.9
II1 VAN . S50 26 y =—3.18x+115.5
\'s QO S M } y =—3.43x+127.3

(2) MEGIC & A #dH ,
Respiratory heat loss under 26 and 31 ata

X3 WHREOMEMR (£D2)

Measurement results of body heat loss (part 2)
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ANEZRME D FHRIFE R

Measurement results of insesible water loss(IWL)

(EAL unit © g/day)

£ 71 mJEMEIL & 5 REHEIZ & 5
depth humidity measurement method body weight measurement method
(m) _
D8 2 ot ™ R A& A @ 1 B ™ | 4 B Ze(l #-
IWL from re-| IWL from skin total 24 hours 4hours no intake and rest
sp;iratory during 4 hours
0 220 1070 1290 1936 ° 1253 +63
55 220 999 1219 948 -
170 220 711 931 1027 =
230 220 685 905 981 =
300 220 412 632 728 634 £ 130

VARENEMIILEORKEE R ORKOMEEFAL, WRABICLZEBRERLBNEL THLT0DT,

HIEL H, KBIRIETH » 72728, —I23g/hX24h
YU L O EE VR 24 IRSE L 72,
P MHOMEERTh AL o720T, BRAOERZIREBL 7,
UIWLR WEMBOMEFLEL L Bhiz )i L 72,
** IWLsIZHEMBL 106 L 22fE & L 72,

L22

600 |
=
.
S 400 |
S
2
> 200 F (1) &K%, skin
& o o y =.=-O.17x+171_7
ﬁpﬁ d ® —
i o (I1) Mg, respiration

O L. '} 1 1 1
0 100 200 300

[£77, pressure (m
4 AREIEHIC L SRR

H.0)

Evaporation heat by insensible water loss
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by Du Bois
60 + (1948)
3
40
20 F
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25 30 35
IRBIIEE, ambient temperature (C)

O ; shows the body heat loss value, at 90min

after start of the constant temperature.
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Body heat 1oss under 26 and 31 ata
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