SUBMERGED VERTICAL PLATE

In this lesson, we will:

Begin a discussion about hydrostatic forces on submerged surfaces
In particular, we will examine the resultant force on a submerged vertical plate
Do an example problem

Simplest Case: Rectangular Container with Vertical Walls

PO\: Pa’vKﬂ Patm\ — /Patm PO-"Dl v —/Pgage:()
Water // i) Air \ l Water Air
// S Y
- Fuge c
[ . g \
h / 5 h ® | Cenlion
// - |- % P
/ ~ [ 1| % s et
\ ‘/ ’i £ y “—Lﬂt F‘ ¢
N Absolute pressure distribution Gwmn
9
F‘Q‘ - S FJ"J"’ I We o iifyrte for any J\-\sfe \°\l+¢
A ® any depth

CP = Ceatrr o Brespure = \w’ho,\ on The Plfe  wiee The
Cepltiny  foee acks

[\MOJI:M. r*e,\s\acfnj Ye a‘-“l‘u\ $ree, p\:J\\r'Jv'hén %j o Jmtj\e

calfort foree — 1y fme sy e P

E: ?aade) ﬁdmdbﬂ of A‘XJ "1_‘ +‘ Vh“- }’]a-h‘
[ A

s o the \n\d'e. (GM J\%&)
% \m\?fwoy

o OWA Pga‘gtyaﬂm“,g: Ps,,,_/c, &




CENTRaD = Xhe ﬂ\ﬂ‘ﬂacm‘hm Cen*ef u'P d’he. J‘ur‘ﬁm area

ar .

‘_bJa‘rt.r i ,S
é_._.—/'
: \D =h hem)
— !
Ql F X (,P
) JL cm’rer of predue \

“Mow 7 colelite The lowahin of the CP ¢

' Sm\ammgd Verhl|  plate

e
3

S = écfﬂ, %o er o \9\;"&

U\P‘- depth to ceater of pretvre
‘"’E gz v Centeash ob the Pl
L

b
« For 6 Cectomgler Pl C g ar the wn“hf; So m*

v What o Jp { i\dg anslyre e Jmenl cjt g the Next \%/M}

}-xf_f—} whoe Ty = zﬂ}momen"(a fara abost

——

Be xg Wb e oo (oaxir)
PéLing o The Conteid
Ty = Centroddl  Momat oF mechia




S ce Aa\oﬂa $or a
_\jp = Jr L v h-h__.l:. Verti i\
¢ L (§+3 Suhpmoged Cectinp\ar
Pl
I\ \
V-T [ 7 E‘bl
2 \1/ B
\\ 9}‘ C |- *‘1,_, ~ 36 - -{_)

X E% 3 | CRUmon: THS QoS woT MILD FoR CASES WHERE
§#0




Practical Example: Submerged Car (Example 3.8 of Cengel and Cimbala, Ed. 4)
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EXAMPLE 3-8 Hydrostatic Force Acting on the Door
of a Submerged Car

Lake

A heavy car plunges into a lake during an accident and lands at the bottom
of the lake on its wheels (Fig. 3—35). The door is 1.2 m high and 1 m wide,
and the top edge of the door is 8 m below the free surface of the water.
Determine the hydrostatic force on the door and the location of the pressure
center, and discuss if the driver can open the door. 8m = S

SOLUTION A car is submerged in water. The hydrostatic force on the
door is to be determined, and the likelihood of the driver opening the door
is to be assessed.

Assumptions 1 The bottom surface of the lake is horizontal. 2 The passen-
ger cabin is well-sealed so that no water leaks inside. 3 The door can be
approximated as a vertical rectangular plate. 4 The pressure in the passen-
ger cabin remains at atmospheric value since there is no water leaking in,
and thus no compression of the air inside. Therefore, atmospheric pressure
cancels out in the calculations since it acts on both sides of the door. 5 The
weight of the car is larger than the buoyant force acting on it.
Properties We take the density of lake water to be 1000 kg/m? throughout.
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Discussion A strong person can lift 100 kg, which is a weight of 981 N or

about 1 kN. Also, the person can apply the force at a point farthest from the

hinges (1 m farther) for maximum effect and generate a moment of 1 kN-m. The \\
resultant hydrostatic force acts under the midpoint of the door, and thus a dis- \‘l'w Mnno" b?bh ““\L Jﬁ-ﬁ' ot
tance of 0.5 m from the hinges. This generates a moment of 50.6 kN-m, which
is about 50 times the moment the driver can possibly generate. Therefore,
it is impossible for the driver to open the door of the car. The driver's best
bet is to let some water in (by rolling the window down a little, for example)
and to keep his or her head close to the ceiling. The driver should be able
to open the door shortly before the car is filled with water since at that point
the pressures on both sides of the door are nearly the same and opening the
door in water is almost as easy as opening it in air.
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