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Abstract : Tools and equipment that can provide buoyancy for a drowning person are important for saving lives. The purpose of this study was to
estimate the minimum amount of gas needed and the buoyancy value in newton units required to generate the minimum buoyancy determined to be
sufficient for keeping the head of a drowning person above the water’s surface to allow for respiration for at least 1 minute. A buoyancy experiment was
carried out with a long rubber balloon injected with carbon dioxide gas, and a buoyancy measurement experiment was performed on six college students.
The degree of buoyancy was measured using a 5-point scale, and the statistical value of the measured data was analyzed to estimate minimum buoyancy.
As a result, 8 grams of carbon dioxide were determined to satisfy minimum buoyancy conditions with a confidence level of 72%, and buoyancy was
calculated to be 44.66 newtons. 12 grams of carbon dioxide met the minimum buoyancy conditions with a confidence level of 100%, and buoyancy was

calculated to be 66.99 newtons. This study is expected to contribute to the development of low cost, easy-to-carry minimum buoyancy aids.
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PET(Poly Ethylene Terephtalate) e
wol S ZAOR RESI Qt(Naver, 2017a). “12] 3L ©]
A5 Fxs=d 23 FEEFY (golden time) 472
97 o, 4o] Auw HA AdsE dow vE
90 Th(Naver, 2017b). ob&e] ol vl% g o)gAb o &
Al =o] 7122 HolZhuA g wA= o' 1
a1 ¢l tH(Naver, 2017¢; Courtney, 1987).

whebx] Fojzh bAEe AAEA AHE 7HsEhaL, 7HA el
Astel 47 Tl THsa, 1% ~2% BebutolgE &
Fol FeanR nE $AT + A A2REA9Y
(Minimum Buoyancy Supporting Aid, MBSA)(Kang et al., 2017)<]
Aol ok AAolrt ol g MBSAE 7NLatr] HAsiA
= Haggo] dutddA] 94 gotof gt

S

B Ao BHe offae] vew SugR 2] A
550

5 :
2 Ao B3 7fxo] 4} e (Newton) THe1 o] 38 =
Hog Fa, B2 A A7 oAkl Ek A (Carbon dioxide,

ATHIAE ABE ol fi

BEoA REe f45] 9% AnEENd
e Am gojels, R AFH Ay 5o wel
e, 53 e g B Awsh 714

1980; Han et al,, 2014). webA] o213k HE 2 A H2E
g FAE 2deith 2 B AT HF Hie
HAFHEAY

A

% X](Minimum Buoyancy Supporting Aid, MBSA)

¢

£ Apgate gloly] Mol TR BAE FAEAH it
e AgSA R, ¥ ATl 4T Hape] w0
= ATHeE Asstet

9, MBSAS] P AlE tade] AL 2Agol 9
B9 BAZE WAE 5 Ak e m FEAE 57} gol
okshu] 7hzjo] A slordich. obee R /et 2
b Aokstzdl, fom ¥7] Foz PHEAIL dopu
F Q7] WEolth thFd ARE AW 2AT AIHKATS,
2009; MOMAF, 2013), CO,7} MBSA®l 233 Ao =2 HEY
o)A & ATNAE C0,% FHAZ ki, Arkel A 1

dsl AYE 5 nRFL

[e]
2 2

sk
o
o

2 ALg

o Siep I: A& FHEC g PAAYS M 4F 3
Aol Bad £10& BEDY

o Swep 2: 1 RFHS] AH Fe| CO,F FUste] 4
9 REYAT Agety, nFENL B2 4L Yot
Bol g We] REYUE FH@h

2.3 B3 A& Wy
CO, A% (Gram, g)°ll tg 2 (Newton, N t}2<| 3}8t
Ao g2 ALl sl Sl A Z1A7E v B B2
()]
AR

gas
g5 o] YeERd 4= 2l th(Atkins, 2013; McMurry et al., 2016;
Oxytoby, 2007).

B.le? = gas psm g (1)

A7, V= 71AS] FI(Liter, DolaL, p,,, = S
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HrtE R (98m/s s Ve Az, Vgaﬂ_

Q= At # 21 TH(Kenneth, 2014; McFadden and Simpson,
1978).
Vv (sTP) 1molCO, 22.4L CO,(STP)
= vy X
gas 0" Tw e, 1mol CO,

o] 71 A, m(VOL co, AeF[gls YER AL, 1mol CO, =

o} B 7F= 2 43(Avogadro constant)S 2] 1] & 6.02 x 10271 2]
, FARAE e, Mw, & 18 mole)e] o=
44g0]t}. 224L CO,= 0T 17]$[atm]®] 3%/ El (Standard

state Temperature Pressure, STP)Y W CO,2] F-3|[L]]t}.
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Table 1. The purpose of five experiments and the experimental

environments

Test Purpose

In (a), commercial life-jacket and buoyancy aids
experiment to find the optimal buoyancy maintenance
method.

Ist

In (a), buoyancy measurement by the method of wearing

2nd rubber balloon injected with carbon dioxide gas.

In (b), buoyancy measurement when the balloon injected

3rd with carbon dioxide gas is wound around the arm.

In (b), buoyancy measurement was carried out when the
carbon dioxide-injected rubber balloon was wound
around the neck.

4th

In (b), measurement of the retention time of buoyancy
when a carbon dioxide-injected rubber balloon was
wound around the neck.

Sth

Remarks: Experimental environment

(@)
e Date & time: September 8, 2017, 15:00 - 16:00

Place: Outdoor swimming pool in Mokpo National maritime
University, Korea

Seawater temperature: 26.9C

Seawater specific gravity: 1.019

Air Temperature: 28C

Wind direction and force: North, 10 m/s

Date & time: September 21, 2017, 11:00 - 12:00
Place: same as in (a)

Seawater temperature: 23.3C

Seawater specific gravity: 1.019

Air Temperature: 27 C

Wind direction and force: Southwest, 2 m/s

Table 2. Specification of subjects, ability to swim and self-

supporting ability

D Sex Body weight Swirprping Self-supporting
(Kg) ability ability

ST1 | Female 61 Very good | Good

ST2 Male 64 Good Very good

ST3 Male 96 Excellent Excellent

ST4 Male 75 Very good | Very good

STS Male 70 Good Fair

ST6 Male 82 Good Good

Average 74.67

3.2 48 Y=o N wy

Aol ST 3% BRI 25 FHE )
3t WAE Table 30 VeI BHREELS ~E|RES 4
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+7+4] 2] (moisture
sensing)¥} CO, 20 g ©o]-&
sensing) S A 3ol ALg&FI T ofE-g¢]
60NC & YElta, Ay

Table 3. Specifications of commercial life-jackets and

buoyancy aids

Type Class Buoyancy material ](3132\};22:1()3
Children
jacket Styrofoam 35~60
Buoyancy | Adult
aids jacket Styrofoam 60 ~ 80
Back jacket| Compressed Styrofoam 85
Moisture | Gas (c0, 18 g) injected 85
. sensing into Jacquard fabric
Life Hvdrauli
jacket yaraulic | gag (co, 20 g) injected
pressure . : 110.2
. into Jacquard fabric
sensing

(b) Adult jacket

(c) Back jacket

(e) Pressure type

(d) Moisture type

Fig. 1. Experimental scene for buoyancy aids and life-jacket.

Y t(Jacquard fabricyS AF&-3t=dl, 2 AFolA= €A CO,
E FYL F AdE AFFAE o83 AV, 1F-F

A 0 270

& AT

Rl

i

AL 8 Adol 7] Wil d-gAlF A
sttt @5e= A7|= Adolv ydAd ¢
e e R AR o o)t

Table 4v= Ao AH&3 1FFAHe] BAE VeI,
Fig. 32 21 3-Z Aol 93 GIYO SABE 3AL9] CO, 16¢ 7+
E 2] A (cartridge)(GIYO, 2017)2] Azlo|th. CO, 16g5 471<]
FEAC 2A FYste] AFFA Ul B 4g7F FHE
= s A olefg aFFAEs 17hEH
AAH o2 s 77184 F9438E skt

¥Q

Table 4. Buoyancy support rubber balloons used in the

experiment
Type Argoolzr(l;)of Descriptions
Bl 4 One long balloon with 4 grams of CoO,
B2 8 Two long balloons with 4 grams of co,
B3 12 Three long balloons with 4 grams of co,
B4 16 Four long balloons with 4 grams of co,
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Table 6. Results of commercial buoyancy aids and life-jacket

Type of buoyancy aids or life jackets

ko)
= 3= -
ID | Children | Adult Moisture | Hydraulic
o =2 =~ =L .
fra Al s guelt jacket jacket Bag jacket sensing serle]Z?nmge
Floats well
Table 5. Rating scale and its meaning ST1 | Floats well | Floats well| Floats well | Floats well and grab the
nape
Score Meaning ST2 | Floats well | Floats well Floats but Floats well Floats well
body is tilted|
5 Part of the body, including the head, is held above the Floats bt Floats but
oats bul oats bul
surface of the water. ST3 | Floats well | Floats well| Floats well uncomfortable | uncomfortable
4 The head is held above the surface of the water, and a Floats but
part of the body sinks. ST4 | Floats well | Floats well body is tilted Floats well | Floats well
3 Only the head is kept on the surface, the body sinks. Floats but Floats but | Floats and | Floats and
ST5 partly sinking Floats well| swaying head head
2 Sinking to the mouth. sideways comfortable | comfortable
1 The entire head sinks. _ _
42 SME M= WHo| e Ay ZA3t
Table 7 F4& FM= 7 7HA @l dig F-5 49
AAE et 3 HAlE TS F2 e Wiela, F
HAE F4E S 8= ol
AdAN, B2 2= W (Method A)Q A9, BICGEA |

(a) Four balloons  (b) Three balloons  (c) Two balloons

:,

(d) One balloon (e) Time check (f) Swim freely

Fig. 3. Experimental scenes of C'O, rubber balloon.
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Table 7. Results of buoyancy state measurement for two methods

of wrapping rubber balloon (unit: score)

B
ethod (Wrappe &A in arms) (Wrilgger(lie i;)und

ID Bl B2 B3 B4 Bl B2
ST1 1 2 4 5 1 4
ST2 2 3 3 5 3 4
ST3 4 4 4 5 4 5
ST4 2 3 4 5 2 4
ST5 3 4 5 5 3 3

Average | 2.4 32 4.0 5.0 2.6 4.0
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Table 82 T4& F= 73 A A9 A3E e
th Bl 7 He] APATe)A] s HAaNE 20g v
34 EehE Ho 1.88S vEdth B2E 3 A A9
ARstyell A B 3.685 FAStL F HA AE 4 H2nd)
ol M= W 3.08S YERATH B3 A WA 23 A I(1st)

oM Ft 40%E vebdl o WA AP A3 2nd)oll A=

D 367‘4 e} T}

e WS AN E T 21E ol&shd HAT
g 271 304 TEstE Ao w YEsTh 74, 3157}
S S ATt Wobdd AL AIRME Al whel T4
o FU4g o7 v AT Aom 2ALE I
Table 8. Results of buoyancy state measurement (unit: score)

Type Bl B2 B3

D Ist 2nd Ist 2nd Ist 2nd

ST1 2 1 4 4 4 4

ST2 1 1 4 2 4 3

ST3 4 5 5 5 5 5

STS 1 1 3 2 4 3

ST6 1 1 2 2 3 3
Average 1.8 1.8 3.6 3.0 4.0 3.6
4.4 BME S0 242 B0 B3 Ny A

Table 9= TA1& ol o AAgE A3 s vehd=
d, 3 WA 2B FAS B 43 A4S A
4o 2 49 ud SYAE ehha, F oA A
Fnd) FAL Zo 7Ha FrRtEo] deoj¥ow it o

S F4Y o] FH43%E Uit BI2 F He| 243
Ay B HAaNY 20s WSekA] Xehe g 243039
1.8 vebileh B2 3 WAl(Isy) A oA F 344, 7
HAl2nd) AENAM = HF 3.08 02 e

uekA FAe Hol FE AF AAeME F4 271E o

52 olo
= WSes dskth

Table 9. Results in the balloon was wrapped around the neck;
(a) when only the arm was moved, (b) when both the

arms and legs were moved (unit: score)

Type Bl B2 B3
D (a) (b) (a) (b) (a) (b)
STI 4 1 4 3 4 4
ST2 1 1 4 3 4 4
ST3 5 5 5 5 5 5
STS 1 1 1 1 3 4
ST6 1 1 3 3 4 4
Average | 24 1.8 34 | 30 | 40 | 42

e et S A vxlzab At o]
=

01”«1 FEE AL, A
A HERAT o714 3

o %
A ST3E B AR RFso] g 557 uEe ol

g3t Ayt EE&E ATk B9 He 28%ola, FUkA
ST3S A9 3k He 2258 (KA 23 FA)olt B3:E
Ht 4.6% ooz el

kA FAE FHoll F

Table 10. Results on the measurement of the time until the

head is submerged (unit: minute)

e

D Bl B2 B3
ST1 0 5>
ST2 0 5>
ST3 5> 5> 5>
STS 0 0 3
ST6 0 3 5>

Average 1.0 (0.0) 2.8 (2.25) 4.6 >

4.6 78 £FZ209 M=+F FIt
Aol ALg T AEEA

BIEA 1715 B34 3717}
Ao 3k F-2 A% AT} (Table 7~ Table 9)5 £ 3lo] Table
Fa2 1715Y 53719 54 AT E
3.
[e]

Ho] A w-e Bl B2, B3l 747t 5

AHE F 00,9 K4g 8g 129S YERNIL, 7F2 3o 3}
@42 54 A5 24 NEE9 vEE%) 2 & §

(SP(%))y& HEFITL

Table 11914, 336 58712 9] v]£<] 3 SP(%)S R,
CO, 4g= 28%, CO, 8g= 72%, CO, 12 100 %2 L}E}
st o] ARE
olhell talx Co, 4g, CO, 8¢, CO, 12g= 217+ 28%, 2%
22]al 100 %2 A F| FFolA wETS gt

Fig. 4= CO, ¥l gt A4Ed vs =
o=, 9 9o A= Aol sdets WEe|th Co,

BalM, AR 2A(F, FYP5IH

AQ
TN
It
i
o
23
N

4= 170] 1582 7bF @l Yehal, o, 8gi= 357 4
Aol 74 7} 782 714 wol UEhen, Co, 12gt 430l
7 BE 143 2 et
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Table 11. Calculation results for the frequency (F) of score, the
percentage of scores (P(%)), and the sum of the

percentages (SP(%))

CcO, 4g 8g 12g

Score F |P(%)[SP(%)| F |P(%)[SP(%)| F |P(%)|SP(%)
5 3] 12 4 | 16 5 |20
4 312 |28 | 7 | 28| 72| 14 56 |100
3 1| 4 7 | 28 6 | 24
2 3] 12 5 | 20 0| 0

72 28 0

1 15 | 60 2 | 8 0| 0

Sum | 25 | 100 | 100 | 25 | 100 | 100 | 25 | 100 | 100

5 @ ® ORI
O
ot 0 O
2 ® ® ]
1l 3 ]

4 8 12
C02 (Gram)

Fig. 4. Frequency of occurrence of scoring on the amount of

Co,.
Fig 52 €O, %ol 0@ A558e] FANEE et
Aes, B AYLFS de YT A4 ALY &

< HAFE YERT,
bar)ll AT CO, 4gL lzqoﬂfﬂ M B2 EENEE

YEt 1L, €O, 8g= 337 44 W=7 o1, CO,

12goll M= 44 o] AR 5 4 5 2
WA CO, 8g o/l FE HARE 210& WSS
& 4=tk oJ7)A, AurE o7 95% o] A (p < 0.05) i 99 %
o p < 0019 AFFF= %Q#%gi a3k FAH
#AAANA B, CO, 12 AF T 100 %(@p = 1.0)oA], 1
23l CO, 8¢ T2%(p < 0252 N FFo A HArE =
Xat

A& WHSkaL, 00, 4g2 HaWH 215 WHHA
= 7

T AR 19 gl
9, w4 Al R AREE B A Sl o)
A thFEhAl Wsky] Wil 95% T 99 % A FHFES

20

Frequency
@

=
=]

4 8 12
CO2 (Gram)

Fig. 5. Stacked frequency of occurrence of scoring on the
amount of CO,.

47 H2 22 27 Z
CO, ¥l W 22 919 st AN ANE

Table 1201 YEFAIL, Fig. 60l A3}t Table 129] A=
gpE O Co, oko. L}E}Lﬁl’ 7I2 SRS A 7R SAHZA

¢

of elald AskE Fele et Eo) vaigke] Liebd
@ O 1-235% 3-54 A9 BAel 54 B9 247

UEt AL, (o= A HE YETh 183l Fig 62 Table

120 vhebd Al 7HA] (@7 E @) HEA A2 ol &

ate] Axkek co, & o 52 AXAFE HERAT
AxtAz}, €O, 8¢9 8%, ()2 7l taliAE 4.68N,

(b2l Al dallA & 44.14N, (02 ol s AE 44.66 N
SO Yepgth wEkA 0o, 8goll digh F8S B H (o)

2 J)|Fo R = A9 4.66NYS gt}

Table 12. Buoyancy calculation result by each condition (a), (b)

and (c)
co Buoyancy"® Buoyancy® Buoyancy
2 (Newton) (Newton) (Newton)
4g 2234 22.07 22.33
8g 44.68 44.14 44.66
12¢g 67.02 66.21 66.99
Remarks:

(a) 26.9°C, specific gravity 1.019
(b) 23.3°C, specific gravity 1.019
(c) 25.0°C, specific gravity 1.025
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L R p— T=26.9, SG=1019 A
eol | T=23.3, SG=1.019 _
—— T=25.0, 56=1.025

Buoyancy (Newton)

20 L L
4 8 12

C0O2 (Gram)

Fig. 6. Calculation results of buoyancy (Newton) for seawater

temperature on the amount of CO,.
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25 H (4466 N~66.99N) A8 FHRZE F

19ere g
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>

A, FAS HALFEL 77 ERTAKATS, 2009)00

A AR FEERR 58 7)E 35NEY A
NA, CO, 82 T2%(p<0.25)2] N IFFol A HAaHH
2718 WA, 00, 8goll WiE FEH2 FFAH oA

4466 NQJ o= AAE ST}
WA CO, 8¢5 ©]&3tH T 7H7]E T U (KATS, 2009)
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