TARFEEFH CHEBIOK T5) Vol.73, No.4, 1.601-1.606, 2017.

Joooogogogoon
Jotbooboogbotdbotoboboogbdn

0000000000020 000003%C000004

0000 (@)D0000D0 000000000 00000000000 226-85020000000000000 425900
E-mail: tnakamur @tse.ens.titech.ac.jp

20000 (@)000000 000000000 00000000000 226-85020000000000000 425900

30000 ((@M)000000 00000000 00000000000 226-85020000000000000 425900

40000 (@)0000000000000 000000000 00000000000 00000000000000
239-0826 DO OOODOOOOO 3-1-10

gooboooooooocae-copoooooooooooooooooooooooobooooboboooo
uoboooobooooboooboobooobOoOobOboUobOUbboUOobOOobbOobOOobObODbDbOObOboODnn
goboooobooooooobooobooooboooboboooboobobooobboobbobbOobob0obobOoboboOooDo
ooboooobooooooobOoooOooOOoooOoboDbOOoOobOOoOobOOoOoboboOobOboooboOooboOoooOooDn

oboooobboooooooboooobooobooOooOobOOoOoOobOoOoboo

Key Words: CIP-CUP scheme, drowning, human body link model, multi-phase flow analysis

1. 00O

2011 000000000D 10500000000
000000009000000000000000Y0
obobooboobooooobooboboboooooo
obooooboobooboooboooobooobooo
boboboooboooooboboboobooboooo
gboboobooobooooobooboboboooooo
0000000?00000000000000000
oobobooooboooooboboboobgooboooo
gboboboooboooboobobobobooboooo
gbobOobOoooooobooboboboooooo
oooooobobobooboo3oooogooooo
ooooboobooooobooboobooboooo

000000000000 0000000000o0
0000000000000 O0ODOO0D0OO0DoOoooOo
0000000000000 000000ooooo
000000000000000000000000
000000000000000000000000
000000000000 0000o0oooO®»Yoo00
00000000000000000 SWuM» OO0
000000000000000000000000
0000000000000 000O00000000
0000000000 0o00o0o0o0O0o0o0oooon
000000000000000000000000
000000000000003000000000
0000000000000 D000000D00D0On

goooooobobooboboboooooooboo
gboboooboobooobooboboboooboooooon
gbooooooboooooboobobooooooon
gbooobooobooboooboboobooboobooobo
oooooooboooboobobooooooooo
gbooobooooobooboboboobooooobooon
gbooooooocoooboobobooooooooon
goooooboobobooboobobobooboooo
ooooooobooooobobooooooboo
gboobooobooooobooboboboooooooon
obooooobooboooboboobobooboobon
goobooobobooboooooooooooo
gboooobooooobooboboboooooooon
gboooobooboobobooooooooooon
oboooooooboobobobooocoooobon
gooobooobooooboboobooboobooboobo
gboboooboobooobooboboboooboooooon
gbooooboooboooo

2. JOoOOOODoOooo

(1) 0000000000o0ooooooo
oooooooooooooobobooooooooo
J000000000D0D00000 Constrained Inter-
polation Profile - Combined Unified Procedure (CIP-CUP)
09700000000000000000000 «0d
Op000 pODOOCOOOOOOOOCODODOOOOOO

| 601



ABEE BEEIREE
gm0 s ¢ o (X) sz (o)
@ p! EHp e (Vi w07
BRHE BRI
[ op/ot=0 - dx® /dt =vee s (@°) At
T L e g
EARET A OFEESR
-~ 0 =V +a xT,
st U
[ da/di=vad T [mmonFras T omH
EHEHE J/ Fruia T T
dp Jdt=—pva | KB O M40 B 4
dp/dt =-pC?Vii
di/dt= _p-lvp_ g BEIAFER & Euler SRR DIES
WAL VS IR ©° O

S n+l o+l

i o™ o p

) 6 )

o1 cre-cupd0ddooooooooon

L B EE
(kg)  (g/em?)

SN
RY ¢ gE_ k% 300 090

Nl sz FHbm 21 14
Eff B ELlB 22 14
Hib i e fﬁ GEEL 46 0.87

— E;'t_'zﬁ AABE 59 12
I B8 & % N
EARR R fEKBE 56 12

Fifgs 1.8 15
FeRiis 17 15
FTR 43 11
TR 42 12

F=]: o U ZKHE
ER
E?ﬁ] TR

0-2 00000000000000O

00000000000000000000000-10
0D0000000000000000000
000000000 00000000000000
00000 Fruig0OO0O00000 Tue 00000
0000000000000000000000000
0000000000000 00000000000
00 ¢,000000000000000000000
0D00000000000000000000000
oDoooo

Fruia= Y, (Vp+7) ¢,AV (1

gooo
Tria= Y Tax (Vp+7) AV (2)

oooo
0007 00000000000000000AVO
000000 AV =AzAyA070000 7= prAul
vyO000O000Op000000O00OODOOOOOOOO
00000000000 000D0@ooO poooO
0000 p,p, 000000000000 oOODOO
goooboboobbogo

D 1

Du 1 Ai— 7

D1 pr+V U—g 3)
Dp, . _

D pu(V i) (I=a,w) “

— 2 ._a

Dr = C*p(V - 1) 5)
DqS_

Dt " ©)

gohoooooocooOoooooooooooon
000000 D/Dt000 «00000000O0O0OO0
ooboooooooo oeoooooooooon
ooooooooooooooooo @-Hoood
gboooobooboboboboobooboooboooon
gboooooobooooooo

U= (1 - ¢s)ﬁ* =+ ¢sﬁs @)

¢*000000000¢*00000000%, 000
0000070000 @0000000000000
Di, =71+dx7e000000000000000
0@, =1)0000000000000000000
00000000 (0<¢,<1)0000000000
000 () 000000000 ¢, 00000000
0¢)O0000000000-00000000000
00000000000®0g*» 0000000000
000ooO0ooooogrtoprtooo0ooon
00000000 G)O00000000ooooon
0000000000000000000 pntton
000o0® 000000000 V-¢00000000
00000D0C?p 000000 KopOOOOOoOoOO
000000 G)00000000000000000
000000000000000G)00o00ooon
000000000000 00O00O0O0OOooooon
000o0O00O0o0O0o0Oo0OooOooOooOooooon
00000-0000000000000000000
(00)HOOODOOOO@OD)OOooOoooooooo
000000000000 O00O0OO0OO0oOoOooon
0000000000000 0000o00000ononon
000000000000000000000000
0000000000000 000000000000
0000000000 0O0O0O0OO0oOooOoooon
00o00O00O0o0O0o0Oo0Oooooooooooon
000000000000000000000000
000®00000000000000000000O0
0000000000 K=75x10°Pa0 0000

(2) 000000000000
a) D000OOoDoOo
goooooooooDoDOODOOOOOO-2000
oooloooooo-=2000000900O0D0OO
gooobooooooooobobooboooooooo
000000000000 0000000 ID Fo200
230000 168cmO 00 61.4kg) 00000 SmmO0O
oboooooooboobooboboooooooon

| 602



0-4 0000000000 sy,s2

gbobobobooooobobobobooboooo
0000900000000 00000000000
obobobooooooobooboboooooboooo
oboboooobooobobobobooogooooo
gbobobOoobooooboobobobobooboooo
obobooooooooobooboboboooooo
gbobobooooooobobobobooboooo
gboooboooooooboood

b) DOOOOQOOOoOoOoO

0000ooo» 0000000000000 00
00000000 sO000 00000000000
000000 ([@-3)000 sO00000 0000
@° = (w'wys,ws)O0OO0ODO000 Euler 000000
0ooooooooo

dv®

M5 —
dt

=Fiuat+ > Ff—M*j (8)
j=s 0O

dw)\ s s = s =5 s 7 s

at =By + ey AT iyia + Z (77 < F)° +T5°)}

Jj=s 0

(A=1,2.3) &)

Iy

000 S 000s0000000000000000
0DO0OM=000L:000000000&:000000
DDDDDDBI_—U3—Qp@%DBzz—U1—
IP)wfws0 By = — (I — I )wiw/0F: 000000
j000000000000F,0 7,000,000
00 s000000000000000000000
0000000 FPOT°0000000 )00 ©9)
OEuer0000000 AtO0 5600000

c) ODoooooo

0000000003 0000000000000
DDDDDDDDDDF?DTFDDDDDDDD4D
00000 j000 s 0s 000000000000

(d)
0-5 000 (Buler0)0 00

0,0000090s0s0000000000
(10)

000000000000 oo oooooooo
oooooOooooo®®g

= 5o 3

E ,
Do Iafe TGRS B e T

T =T @ KT =GR 45 X7

k:sz O ’Y:l

ﬁﬁ'z 4 3

ue s S2
e T L (B & Ty
~y=1
Eo o Sae % o S

= D e PRy e T

k:sl ] ’Y:l

+-m”+§:HlB*+ﬁlfmm) (11)
DDDtﬂz@yxgﬂﬁDDDD
D0000000000000000000000
00000000 (00)00000-5@00000
0, 000000000000 (¢,8/,6)0000
0-5b)0()0000000000000000 (Euler
0)0 #(A=1,2,3)000000000 6 00 8)0
D(%DDDDDDDDDDD

s s 1, = s
91—2{1%% Z ki'sz—i_Ii?eVSZ'Tkz)}

k= SQD
o 1. .
Z{pj kZD oy B+ ey )
s1

+ Z p;Z? B & i)
- Z p;gl/\ (B} +e7t - ff?;id) +6]
=

p$,0006,00010000000000000
000000000000000Y0000000
0000000000000 00000000000
006, 00000000000000000 (1200
0000000000 00000000000000
0000000000000000 60000000
0000000000000 O0O00O000O000O00

12)

| 603



BIK S,/

NR-FyaRyb
NG

j
Oniaxs

\%’\M

0-6 00000000

(%),

L

000000000000000000000000
000000000000000000000000
0000000000 6ny <8 < 0ax, 000
00000000000000000 (¢)"0000
0000000 (12000000000

OUOO00D0000(@)"0000000 7,00
00D0000O0@)"00 70000000000
000 (1200 7,,000000000000000

goooo
3

p82 psl
JIN o 89 s JYA 551 STy
K 75 T, 75 T:°1) =0

(13)

y=1
@U0O0000000000-6000000000
¢,000000000000000000000000

0000000000000000000000000

B = =r((B)" = bmse) —calB)" (19)
000 Gtimic 0 Gaxy 0 B, 0000000000
0xk0¢O000000ADDDODOOOODODOO
0000000000 (400000 (1200000

07:0000000000000000 (11),(13),(14)
000000000000

— — — —

Fov=—Fr T =T (15)

0000000000000000 FPO0T2000
0000000000002 00000000000
0000000000000 0000D0D000000n
0000000000000 0000D0D00000D
0006,00000000000000 (13),(14)00
00 (12)00000000000000000000
0000000000000 0D0D0000DO0O0D
00000000 D0O00D0O00

3. 0OOno

a) 0000
000000000000000000000000
00000-7000000 SmO0000000000
000000000000000000000 2=00
0000 &=0000000000000000000
0000000000000000000000000

000000000000000000D00D00000
0000000 @ODD0OO00D0)0DD0O000O000DO
0000000000000 (COO00)00000o
00000D0000000000 Az = Ay = 3cm0
00000 Az =4em000000000O0ODODO
000000000000 GB5pswy 00000 1.035 x
10%kg/m?,1.01 x 1075m?/s,1480m/s OO O OO 200
0000000 1.3kg/m?3,1.49 x 1075m?/8,331m/s O
0000000000 (1.0x10%kg/m* 000000
000000000000 O0000D0DOO0000DO
150000000000000 AtO CFLOO 050
0000 At0000D00¢; 0000 0.lrad000D0O
oooooDo

by 0000

0-80000000pDOOoooOoooOoOoooo
ubdoby=0000000000000000OO00
O0¢=05000000000000000000
gogoooooobobgoooboobooobooboo
oooooilsooooooooobooboooobobog
gboooooobogo?2s5b000000b00booon
oboooooooboobobobooooooooon
goobooooboooboobobooooooooo
gboobobobooooobobooboboooboooo
gboobooobobooooobooboooooboan
obooooobooboobooboobobooooooon
oooooooboooboobobooooooooo
ooo0ooo0oOoo074kgODOODODOOOODDOOO
obooboooOooooooooon 0.82kg0boono
gooskegODODODOOODOOOOODOOOODOO
ooobooobooboobobooooooooooo
gboobooooooooobobobooooooon
75kg0 0000000000000 0OO0OO0O0OO00
goobooooboooboobobooooooooo
ooooooooooooo-9oooooooooo
oooooooeOOOOooooD (4O OOO
00000000000 000 fvax, 00000

| 604



(1) 0.98b1%

(1) 1.58p#

(IV) 2.580 (V158

(a) BEER
HY

—5m/s

(b) Ba &
7L

08 000000000000 DM@OO0O0O0O0MOOOOOOOOOOCOCOOOOOOOOO0OO

maun vy ( v
HH-\\H\H H\\é\\\\\_\ \bb\\\)WT{*

MAX ~ V-

o

Eﬁ'ﬂ’ﬁlﬁ @ (rad)
N

—]tHE\HHH\HHHH\HH\HH\H((HHH\HEE
0 1 3 4 )J13 14 15
Time (sec)

09 0000ooooo@MoMvoo-9oon)

1A (|‘|)(|||)‘ (|V)‘ ‘ ‘ ‘ ()() — (9P
7\\\\ T T \\_\_\\ TTTT TTrTT TTrTT TT T TTT \\\E HmH
g = // \\ B 5’
R N -~ o B
m — === m
m ,// AT E
F1E\ AN 12 s
2\ ) BLME —mmsY —-BBsL ] oS
W F VRN 1 2
E HERE —EfsHY - -MHLL ] &

_20\\\\]\.\\\\2\\\\\\\\H\HH\H\\é\\))\l\s\\\l\i\\15-4

Time (sec)

0-10 0000o0o0oooooooooooo

0000000000000
0-10000000000000000000000
0000000000 1.50000000000000
00000000000 00000000000 50cm
0000-110000000000000000000
0000(@O0 FrueOD00D0)00000000
000000000000000000000000
000000000000 O000000000000
0000000000000 00000000000

600 T
F (
400[
Z 200;
R L
= (0] IS S,
i z
8 200"
g: mmny | EwEL
-400¢ — i |- |
L — = |- §
B0y T
Time (sec)
0-11 000000000000 000 (oo +00)0
gooo

o00000oo0oD0U0d0-8(b0OO00oOoogn
goboooooboooobooooo moooooo
gboooobooboooo aooboobo @obaoao
goboo)ooo@ooooooo)oobobooooon
oboooooooboobooboboooooooon
gbobobodoboboooboobooobobooobon
gboooboooboooobooboobooooboobooboooo
obooooooobooboboobooocoooooon
gbobobooooooobooboboobooooooon
oobooooboooog22emnooOoooDOO
oob0ssemO000000O0DOCOO0OOOOOOO
ooo-8mO(v)JODOODOOOOOOODODOOOO
gbobobooooooobooboboobooooooon
gbooobooobobobobobooooboobooboooo
gbobooboooooboobobobooooooon
ooooog

1_605



4, OO

gboboboooooooooboboobooobgoon
gboboboooooobooboboboooboooo
gbobobobooooobooboboboooooo
obobooboooooooboboboooooooo
oobobobooooooobobobgooboooooo
gbobobOoobooobooboboobobooboooo
gbobOoboooooooboboboboooooo
obobobooooooobobobobooooo
oboboboobooooobooboobobooooo
gbobooooobooboboobooobooboooo
oboobobobooooobooboboboooooo
gbobobooboooooboboboooooooo

gboboobooobooboooobooobooboooon

gbobobOoooooobooboboboooooo
oooood

Ood: JSpPSOO0O JP16HO31470 000000000
goooog

ool
Pﬁyl 578 : 51]:
pie | =n =Ry | e (8)
Pis €y - &3
@Jl 3. ps2 Bs1
S ISR el S
(9% _CJ+WJ+Z(152 j’f_Islpj’Yl)
o = gl
(12)
tan 6 cos 9?,; tan 6) sip 9% 1
R, = —sin 6 cos 64 0 (L3)

cos 0/ cos0) sin6)/cost) 0

&) (14)

ajas + ayazsin by cos O

ci= —asaz cos? 05 (L5)
ajas sinfs + ajas cos by
a; = —(wi? — W) sin 0 + (ws? —wi') cos 6] (L6)
ay = (W2 — wi) cos B + (w32 —wi)sind,  (L7)
as = astan 923‘ + (w5 — w3?) (1.8)
Gp = w6 + ws €5 + wy' ey (L.9)
gooa

1) 000:0023000000020110

2) J000000000o0ooooooogoooooooo
0:0000000020000000000020140

3) Dapena, J.: Simulation of modified human airbone move-
ments, J. Biomechanics, Vol.14, pp.81-89, 1981.

4) 000000000000 O0:00000000000O0
oooooOoOooODO00000oO0oOoOooOoooooo
O000O0O000000000000OVol.180pp.117-12600
1995.

55 000000 000000:.gooooooooooo
goooooooooOOoOODOOOO0O0OO0O0O0O0OoOo
00000000000 BODOVol.710No.7050pp.1361-
13690 2005.

6) Yabe, T. and Wang, P.Y.: Unified numerical procedure for
compressible and incompressible fluid, J. Phys. Soc. Japan,
Vol.60, pp.2105-2108, 1991.

7y 000000000C0O000:CclpO00000COOpp.159-
164, 2003.

8) Xiao, F.: A computational model for suspended large rigid
bodies in 3D unsteady viscous flows, J. Comput. Phys.,
Vol.155, pp.348-279, 1999.

9 J00OOooOoOoOO: AIST/HQLOOOOOODOOOO
00020030 000000000 HISPRO-5030 2006.

100 0000:000000000000001982.

11) O0OoOooo0o00O:002000000000000O
000000000000, Vol.14, pp.59-68, 1998.

12) 000000000000: 00000 0e6000O0OO
0O 002016.

(2016.9.300 0)

DEVELOPMENT OF A THREE-DIMENSIONAL FLUID-HUMAN COUPLED
NUMERICAL SIMULATION MODEL TOWARD A DROWNING PREVENTION

Takashi NAKAMURA, Daiki AJIMA, Taketoshi AIZAWA and Tetsunori INOUE

Toward a numerical analysis of a drowning process in a water flow, a new numerical flow simulator
solving a fluid dynamics and human body motion is developed. The CIP-CUP scheme for a multi-phase
flow and the link model for a human body motion are combined. While a human body is modeled as a group
of solid bodies, in order to represent a fainting human’s motion, a new technique to limit the angle between
connected two solids is proposed. The present model is applied to a human drowning in a rectangular pool.
The calculation result shows that the present model enables a qualitatively reasonable interactions between

human body motion and fluid flow.
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