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Numerical Simulation of Transportation of Human Body Swept by Water Flow in the Channel
with Obstacle
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To understand the transport process of victims of water accidents, a series of numerical analysis of transport of human
bodies submerged in water channel were conducted. The DRowing hUman model (DRUM) was applied to solve water
flow and human body movement. The results calculated in the flat channel suggest that the final transport speed of the
human body is approximately given by 85% of the flow velocity. After a flat channel simulation, a series of different

flow velocity were simulated in a channel with a barrier and many obstacles. When the height of the barrier was close to

the thickness of the human body, it was possible to transport the human body in getting over the barrier, even at speeds

commonly found in rivers. Furthermore, it was found that the human body may be trapped in a vortex generated
downstream of the barrier. If the obstacles were distributed, the vortex could not grow and the human body was not

trapped.
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Fig. 1 Structure of DRUM. While a multiphase flow are
solved with a computational mesh, segments of
human body are solved as rigid bodies. Velocity of
human body is given to the flow analyses as boundary
conditions. Fluid force and torque applied to the
human body are derived by integrating pressure and
friction of each meshes.
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Head Table. 1 Density of human’s
Srouert) /ﬁ Shoulder(L) bOdy segments.
Upper arm(R) Upper arm(L) Segment Density [g/cm?3]
Elbow(R) —— —— Elbow(L) Head 1.07
Forearm(R) Forearm(L) Upper Arm(R) 1.06
Groin(R) Groin(L Upper Arm(L) 1.06
Thigh(R) Thigh(L) Trunk 1.02
Knee(R) T~ Knee(L) Forearm(R) 1.10
Crus & Foot(R) Crus & Foot(L) Forearm(L) 1.10
Thigh(R) 1.04
Fig. 2 Rigid-body segments (black  Thigh(L) 1.04
descriptions) and joints ~ Curs & Foot(R) 1.09
(blue descriptions) of the ~ Curs & Foot(L) 1.09
modelled human body. Average 1.04

Thuia + Tj=1 + Tj=

Center of

Fig. 3 Force and torque applied to a segment s (when s is connected
with 2 other segments at joint j = 1,2).

Elastic Spheres

\

Fig. 4 Elastic spheres placed on the surface-voxels.
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(b)

Wall

(b)

Fig. 5 Contact force estimated with DEM. (a) Elastic spheres
are placed on all of voxels which locates on the surface
of human body and (b) a spring-dashpot model is used
to represent the resilience force when the elastic sphere
contacts to a wall.
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(a) U;;=1.0m/s
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(b) U;,=2.0m/s

Fig. 6 Transport of human body in a straight flat channel with (a) U;~=1.0 m/s and (b) 2.0 m/s.
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Fig. 7 A straight water channel with a flat bottom surface.
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Fig. 8 Acceleration of longitudinal velocity of the human body.
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Fig. 9 Dependency of terminal velocity <Ujc> on flow velocity Uj,.
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Fig. 10 A barrier placed on the bottom surface.
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Fig. 11 Group of obstacles on the bottom surface.
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Fig. 12 Transport of human body in a water channel with a barrier (U;, =0.1 m/s, H=0.5 m).
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Fig. 13 Transport of human body in a water channel with a barrier (U,
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Fig. 14 Transport of human body in a water channel with a barrier (U;, =2.0 m/s, H=0.5 m).
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Fig. 15 Transport of human body in a water channel with group of obstacles (U, =1.0 m/s).
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Table 2 Calculational results with the tall barrier (//=0.3 m).

Inflow velocity U;, [m/s] 0.1 0.5 1.0 2.0

Getting over Barrier X O O

Passing Eddy in Backside tf — X O O
X :Human body is cau ight by the barrier (O:Human body gets over the barri

i H 0d) ler
#F:Human body is trapped by the eddy  :Human body passes through the eddy

Table 3 Calculational results with the short barrier (- =0.5 m).

Inflow velocity U;, [m/s] 0.1 0.5 1.0 2.0
Getting over Barrier ¥ x O
Passing Eddy in Backside f* - X X O

x :Human body is caught by the barrier (O:Human body gets over the barrier
4 :Human body is trapped by the eddy  (:Human body passes through the eddy
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Fig. 16 Temporal change of longitudinal position of center of mass Xsc.
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