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Abstract - Although the life jacket can provide the buoyance with the drowner, heat loss can make the drowned individual be subject to
the hypothermia. In this study, The thermal insulation of two types life jacket including inflatable and foam type were evaluate by both
experiments and numerical analysis. To estimate the thermal resistance of the jackets, experiments on the heat flux were conducted by the
thermal manikin exposed to cold water. Heat flux loss on the surface of thermal manikin were measured for both foam and inflatable type
lie jacket. Also, finite element method is applied to a body section in order to understand the level of hypothermia of each life jacket.
The segmental of human thigh Is represented by a multi-layered section which considers the heat conduction within tissue, bone and fat.
As a result, the thermal resistance and hypothermia time of each jackets have been compared based on the finite element analysis. It
was ound that the insulation ability of suggested life jackets is better than that of conventional type.
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Table 1 Experiment types
N Experimental Condition
o.
Jacket type Suit
1 Inflatable PFD" Standard
2 Foam (SOLAS)” Standard
3 Inflatable PFD™ Full Body Suit
4 Orange Foam™ Standard
*. Existing model for comparative study
#x. Developed by present study
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Fig. 3 Test 1 - standard Clothing + inflatable PFD only

Fig. 4 Test 2 - standard clothing + SOLAS-approved
lifejacket

Fig. 5 Test 3 - standard clothing + full body suit with
inflatable PFD

Fig. 7 Lifejacket tested: inflatable with full-body suit
(left); foam with short sleeves and legs (right)
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Table 2 Experiment types
Zone Description Area (m?)

1 Face 0.03601

2 Head 0.10965

3 Right Upper Arm 0.09557

4 Left Upper Arm 0.09557

5 Right Forearm 0.06281

6 Left Forearm 0.06281

7 Right Hand 0.04181

8 Left Hand 0.04181

9 Chest 0.10033

10 Shoulders 0.10369

11 Stomach 0.10528

12 Back 0.10673

13 Cod Piece 0.06121

14 Right Thigh Front 0.11928

15 Right Thigh Back 0.11928

16 Left Thigh Front 0.11586

17 Left Thigh Back 0.11586

18 Right Calf Front 0.06211

19 Right Calf Back 0.06368

20 Left Calf Front 0.06210

21 Left Calf Back 0.06368

22 Right Foot 0.05817

23 Left Foot 0.05817

Total 1.6255
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Fig. 8 Heat flux measured (Test 4)

Table 3 Experimental results on the thermal resistance

Test #

Full-Body
Resistance

(Clo)

Air Temp. (°C)

Water Temp.(°C)

Mean

Mean

St. Dev.

Mean

St. Dev.

1.025E-02

9.60

0.320

10.27

0.0025

1.061E-02

9.64

0.368

10.36

0.0032

1.359E-02

10.03

0.544

10.41

0.0056

=N+

1.634E-02

9.47

0.359

10.33

0.0037

04 -

02

Thermal Resitance [K m*/W]

L Calf Front
L Calf Back

Fig. 9

0.018
0.016
0.014

0.012

0.008
0.006

0.004

Mean Resitance [K m* /W]

0.002

0.000

Fig. 10
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T3

Test No.

:
T4

Comparisons of thermal resistance (& -m?/W) on
body part

T

T

T

T

0.01025

0.01061

0.01359

0.01634

J2

T3

Test No.

Comparisons of mean resistance (& -m?/W) on

whole body
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Table 4 Thermal condition and properties of thigh

. k Basal metabolism
Tissue (W/mE) )
Skin 0.47 368
Fat 0.21 368
Muscle 0.51 634
Bone 0.75 368

Table 5 Convection coefficient for thermal analysis

No. Convection coefficient ( W/m?K)
1 97.56
2 94.25
3 73.58
4 61.20

Body Initial Ternp..'\
35%C >

‘\'-‘7"‘: = " skin

Fig. 11 Finite element model of thigh
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Fig. 12 Temperature distribution of thigh of test 4 model
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Fig. 17 Heat flux history of thigh of Test 4 model
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Table 6 Temperature criteria of hypothermia (Jang et
al., 2015)
Status Temperature('C) Time(minute)
Mild 322735 T 90
Moderate 28 7 322 90 ~ 120
Severe < 28 120 ~

Table 7 Hypothermia time

No. Hypothermia time (second)
1 2,940
2 3,000
3 3,120
4 3,330
36 T T T T T
35 B
— 34 —
e
e
3 33 E
o
8 [ Hypothermia Time Threshold 32.2 [°C]
£ 32
L —a—Test 1: PFD only
—®— Test 2: SOLAS Lifejacket
31 L —&— Test 3: Full Body Suit
—w— Test 4: Foam Suit
30

I 1 I
1,800 2,400 3,000

Time [sec]

0 600 1,2'00 3,600
Fig. 18 Comparisons of hypothermia time

Table 8 Comparisons of thermal resistance and hypothermia

time
. Thermal resistance Hypothermia time
Experimental
Condition B Percentile Hyp. Percentile
K (%) time(second) (%)
Test 1 1.025e-02 100% 2,940 100%
Test 2 1.061e-02 103% 3,000 102%
Test 3 1.359-02 133% 3,120 106%
Test 4 1.634e-02 159% 3,330 113%
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