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ABSTRACT KEYWORDS
In the cliff diving competition, whether the athletes should head first or Matrix laboratory (MTALAB);
feet first into the water and safety water depth issues has always been an Cliff diving;
issue of concern. This paper combineswith computer and usesMTALAB Collision;

softwarefor numerical simulation, and obtainsthe mathematical model of Fluid mechanics.
cliff diving safety water depth. It uses the estimation formula of impact
pressure peak on compressible water surface by the rigid plate based on
VonK arman unitary collision theory and cal cul ates the maximum pressure
dropping from height 28m; according to the maximum force of the human
head, it can be seen that the head cannot first enter into the water. In the
study of the safety water depth issue, the athlete’s movement is divided
into three processes: the process from diving tower to the water surface,
the process from barely touching surface to completely into water, the
process from completely into water to the bottom of the pooal; it uses
MTALAB to simulate three processes, finally solves the safe water depth
and provides theoretical support for safety competitions, training and

extreme challenges.

INTRODUCTION

Diving isanimportant aquati c event, but also mod-
ern athleticsof amasscharacter. Diving pool must have
aufficient depthtoensurediver’ssafety. If only for safety,
of course, the deeper the pool water isthe better, but
the corresponding construction costsand operation and
management costs will be higher when the water is
deeper, whichwill result in meaninglesswaste. Gener-
aly, assumingnormd athlete’sweight isin between 40-
80kg, platform’sdiving areaneedsto bemorethan 5
metersdepth; itissafeonly when platform diving area’s
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water depth ismorethan 3m.

In recent yearsanew game called Red Bull Cliff
Diving World Cup rising up intheworld, whichisa
very dangerous, challenging thelimitsof human event.
The contest regulatesthat man’sdiving tower height is
23-28m, and 18-23m for women. Guan Zhi-shan of
Fujian Liancheng once has held such agame, where
the man’s platform height is 28m, woman’sis 20m.
Currently research literatureon thecliff diving safety is
much less; people are more concerned about corre-
sponding technical and security problems.

Thispaper uses physics, theoretical mechanicsand
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differentid equation to establish amathematical moddl
and smulateusng M TALAB, better ensuresthe safety
of athletesduring therace, and provides atheoretical
bas sfor thetraining and the ultimate chalenge.

THEBASICASSUMPTION
OF THE MODEL

Assuming diver’sdiving statusisinthe shapeof a
cylinder withuniformmassdidtribution, inwhichtheheight
of thediver isthe height of thecylinder;

Assuming the height, mass and shouldersof both
men and women divers meet internationa standards of
20-25yearsold divers,

Assuming when the speed of athletein the water
iSinys, the depthisthe safety depth;

Assuming athleteshave no loss of energy through-
out thediving process,

Assumingwind ve ocity and water velocity iszero,
which does not affect the athlete’swhereabouts,

Assumingignoring the peda processof diver play-
€rs,

Assumingthat athletes’ head or feet first enter into
thewater;

MATHEMATICAL MODELINGAND
SOLUTION OF THE PRESSURE WHEN
THEBODY ENTERINGINTO THEWATER

Athletes’ enteringinto thewater isatypical fluid-
structureinteraction problem. When athletesenter into
thewater, thebody will stimulatethe movement of the
surrounding fluid medium, whichinturnfluid mediawill
apply reactionload forceto the human body. Early into
thewater, thehead collisonwiththewater will forma
compression wavein thewater, and thewater surface
of thehead will have aimpact pulseof highvaue, and
thisload pulse may cause head violently shock; once
there havediver that caused aconcussion dueto head
into thewater. Therefore, thispaper will study and ana-
lyzethe size of theimpact pressurewhenthehead into
thewater and describe their degree of danger.

Model building

For stuation that the human body verticaly intothe
water, the hit water instant isacollision phenomenon;

the early hit water period can be assumed that aplate
strikescompressiblewater. Based on VonKarman uni-
tary collisiontheory, the estimation formulaof impact
pressure peak on compressible water surface by the
rigidplateis:

Wherein: thedensity of water, thewater sound ve-
locity, the entering into water speed.

However, dueto the human will do different ac-
tionsinthebody enteringinto thewater phase, theangle
into thewater will have certain distinction. Analyzeun-
der different angles, the perpendicular pressureisthe
maximum. Now analyzethe pressure situationsunder
different angles: It can beseenfromthefollowingtable
that theforceiscompletdy different with different angles;
however, the angleathl etesinto thewater isprobably in
betweenand, it isnecessary to obtaintheforceat. Now
from the smul ation experiment of torpedo into thewa-
ter, obtain thedata of object at different angles shown
inTABLE 1.

Use Matlab to ssimulate, and finally get the maxi-
mum pressure peakwhen.

Solution of themodd

1) Thesolution of theinitial velocity enteringinto
thewater

Ignoreair resistance and assumethat one only suf-
ferstheaction of gravity during the whereabouts pro-
cess, according to thekinetic energy theorem wehave:
mgh = % -mv,?

Wherein: Athletesm=7skg mass, accel eration of grav-
ity, speed enteringinto thewater, diving height. h = 28m
Based onthe above equation we have: v, ~ 236m/s

2) Thesolution of maximum anti impact forcer,,

According to the sol ution obtain the speed entering
into thewater and continue solving thevertica impact
pressure peak p,., . Through inquiring datawe can see
theforce areawhen touching thewater surface.

Themaximum pressurewhenverticaly enteringinto
waler: P, = p,C.V, =35.6MPa , F,,, =P,,s=281kN

The maximum pressure when entering into water

P_+28

by 75 Pl =" 5 =19.2MPa . F’

77 max

=P s=151.7kN

Now by the Xi’an Bureau of Transportation, the
maximumforceof headis 22 skn , if itismorethanthis
number oneislikelytodie. Accordingtothecaculation
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TABLE 1: Themaximum pressurewhen entering intothewater with different angles

The velocity entering The angleenteringinto

M aximum axial M aximum nor mal P

into water (m/s) water (degr ee) force(KN) force(KN) mex (M Pa)
15 12 6 3
30 10 55 3.2
12 45 155 5.2 35
60 85 3.3 2.6
75 15.9 25 3
90 415 0 3.5
15 21 10 6
30 15.2 8 10
20 45 27.7 6.8 5.7
60 17.2 5.6 6.6
75 40.6 4.9 7.8
90 154.1 0 12.4
15 50 13 7
30 27.5 12 12.9
45 68.1 9.7 9.6
29.2 60 33 9 7.5
75 77.6 9 14
90 340.9 0 25.5
data, it showsthat the biggest pressureF’_, that ath- Model building

letes can withstand isgreater than the maximum pres-
surethat athlete’shead can withstand. Therefore, when
ahletesdivefrom 28mdtitude, you cannotintotheweter
with head first, and be suretol et feet first enter intothe
weter.

THE SAFETY WATER DEPTH MODEL
OF DIVING PROCESS

The problem needsto determinethe depth of the
pool, and compareswhether it need to establish pools
of different depthsfor athletesof different weights. Now
dividethe process of athletesfrom thecliff to the bot-
tom into three processes. First, the processfromdiving
tower to thewater surface, and consider thetwo cases
with air resistance and without air resistance; process
two the processfrom barely touching surfaceto com-
pletely touching water surface, it ismorecomplex when
barely touching water surface; in order to obtain nu-
merica solutions, Smplify theprocesstwo, itisassumed
that only considering gravity, buoyancy and water re-
sistance, resistance and velocity arerel ated; process
three, from completely into thewater to the bottom, at
thisstage aslong astheathlete’s speed will bereduced
to1nys when reaching the bottom, it will touchdown
sdfdy.

Process 1: From diving tower tothewater surface,
asshowninFigurel:

! |

———
Diving platform

- The surface of the water
Figurel: Theprocessfromdivingtower tothewater surface

The case without considering air resistance:
1
H ==m?
mgH == mv

After Smplification thefollowing can be obtained:
v=,/2gH

Consider air resistance. Athlete’smovement pro-
cessintheair: Athletes’ speed when vacated the high-
estiszero; dueto theaffection of air resistanceonthe
whereabouts processof peopleissmall, which can be
negligible, theathlete’smovement isequivaent tofree
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fall motion. Sothereis:
1, h
S = mgh— [ " f,,dh

By theformulaof air resistance; f., = kv’

Intheformulay - o 3, thisreferstotheair resistance
whenfredyfaling.
Conduct thederivation onp of both sidesinfor-

mulaoneand obtain: mv:—;:= mg - f,,

By further s mplification thefollowing can be ob-

. k
tained: h=—2(Ing—In(g-—v?))
2k m

D
It trandatesintotheformof v : v = 1/%(1— e m)

Process 2: Inthisprocedure cylindrical portionis
from barely touching surfaceto completely into water,
thedigtance of movementisheighth, ,whereino<h<h,,
theinitid velocity isv, ; establishtherdationa equation
of underwater depthh and the movement speedv of
peopleshowninFigure2:

The surface of the water

7
L]

Figure2 The progc;sof atﬁi—éesfrom theair intowater
According to the conservation law of mechanical
energy obtain: %mﬂ =%m/f N[ g O [y
By theArchimedes’ principleand water resistance
formulaof the hydrodynamicswehave:

1 2
Fbuoyancy _p water gV ’ fwater - 5 Cwater p water alvater A

And: v=zR*h,s,,, =7R’

Conduct thederivation on of both sidesinformula
two and obtain:

Then the speed can be obtai ned when, which can
betaken astheinitia velocity inthe next process.

Process 3: Athletic movement after completely into
thewater exercise, shownin Figure 3. At thistimewe

2

1
- E Cuater Pwater S v

water

have f,.e

Similarly, we have:

Tha bottom of the pool
Figure3: Theprocessduring athletesfrom completely into
water tothebottom of thepool
1 >

_1 2 — h
Emv _va2+mgh J‘rbf

dh-F h

water ~ Tbuoyancy

Conduct derivation of both sides and obtain:

dv 1
w% =g _E Cwa!apwater”szz ~ Puater gﬂ-RZhO

Solution of themode

(1) Therelationship between weight and height.
Therearealot of information giving therelationship
between body weight and height, weight = height - 105.
But thediver’sbody differsfrom the genera popula-
tion; thereforethispaper collects some height weight
materia sof China’sfamousdiver’s. Through observa
tion, thedataisapproximately inlinear rel ationship; use
Matlab to linear fit and obtain relation equation:
G,.,=88.4h-113.7 G,,.,=101.0h-113.7

According to thisformula, we can get both men
and women diver’sweight with height 160cm 170cm

and 180cm (see TABLE 2).
TABLE 2: Diver’sheight and weight
Height/cm Gender Weight/kg
Man 52.5
160 Woman 47.6
Man 61.4
170 Woman 57.7
Man 71.2
180 Woman 67.8

(2) Thedetermination of the projection radius of
human body model inthevertical direction. People’s
denstyisdightly larger than water, theaveragevaueis.
men 106x103g/nf, WOMeN 1o4x103g/n?, andthereislittle
difference under the standard body. Through density
equation,, -mv andthevolumeof thesphenoidv = zR*h,,

m
zhypy
(3) Model solution: We now take aset of datato

thefollowing can beobtained: R=
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solve, select 180cm boys to solve, the initial data
iSh) =1.8m, m=71.2kg, H =28m,

p, =1005kg/m® , p, =1000kg/m*, g =9.81m/s’

' - R= |- =011103
Radius can becal cul ated: o, m
The  speed

_2Hk
v= /%(14; m)=22.11nys

Process 2: The processfrom barely touching sur-
faceto completdy touching water surface; Obtain Fig-
ure4usingMatlabtosolve:

after Process one:

24
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Figure4: Thevelocity curveduring processtwo

Ascan beseenfromthefigure, when h arrivesat
1.8m, wehavey, =9.7718nys.

Process 3: Using Matlab to solve and theresults
areinfollowing Figure5:

0 2 4 6 8 10
h
Figure5: Thevelocity curvewhen athletereaches 1my/'s

As can be seen from thefigure, whenn -s.016 the
speed has verged toinys substantially reaching asafe
speed, the total underwater depth of athletes can be
caculatedi =n, +h =6.816m.

Finally according to the method described above
measurethe height and weight for each athlete, there-
sultsareinTABLE 3:

TABLE 3: Pool depth correspondingto different height

Pool depth PQOI d_epth
. . . with air
Height/cm gender  without air :
. resistance
resisance/m m

160 man 6.064 6.045

woman 6.045 6.039

170 man 6.345 6.333

woman 6.322 6.310

180 man 6.823 6.816

woman 6.80 6.793

From theresultsanalysis, when two peoplewith
different weight dive, the onewith bigger height and
weight needs deeper water.

max

SYMBOL DESCRIPTION

:Crash pressure peaks by rigid plate on compress
iblesurface perpendicularly.

:Crash pressure peaks by rigid plate on compress
iblesurfacewiths.

 thletic maximum pressurewhen verticaly entering

intothewater.
:Athletic maximum pressurewhen enteringintothe
water with.

k :Airresstancecoefficient k =0.3.

H :Heightof thedivingtower.

v, :Athleticdepthinthewater at certaintime.

h, :Athleticheght.

h, :Athletic declining height when fully dropped into

thewater.
v :Athletic speedinamoment.
.- Athletic speed when just touching the water sur-
face.
v, :Athletic speed whenfully enteringthewater.
R :Radiusof thecylinder.
.. Airresstance.
f.. . Water resistance.

CONCLUSIONS
Thismode establishedinthispaper fully used phys-

ics, theoretical mechanicsand differentid equations. It
anayzed the specific physica processesof cliff diving,
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solved the rel ationship changes between physica speed
and height in each process, displayed themin graphica
form both accurate and beautiful, and solved therea-
sonablesetting of pool depth. Whentheathlete’sweight
changes, according to therd ationship betweenthethree
variablesbody mass, height of thecylinder and thecyl-
inder radius, it can be determined that the pool isdeeper
whentheweight isgrester.

Theaccuracy of themode isbetter, which can be
appliedtothe pool depth configurationissuesof actua
diff diving; through theanayssof theproblem, wecan
better ensurethe safety of athletesduring therace.
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