statics_18

Calculate the net horizontal and vertical forces acting on the planar surface shown below. The surface
has a width w into the page.
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statics 18

SOLUTION:
One approach to finding the net force on the wall is to integrate the pressure force along the wall,
F =|-pdA, (1)
- o 5
where, y l n t
p=pgy, Y H )
q v
and,
dA =-wdye —wdxe, . Lf L —>‘ (3)

Note that since we’ll be integrating in the y direction (since the pressure varies in that direction), we should
express dx in terms of dy,

dy H L
—=—=dx=|— |dy . 4
dx L X(H)y )

Substituting and integrating as y goes from zero to H,

y=H L y=H L y=H
F,= ).IO —(ng){—wdyex - W(Ejdye,\} = PgW{ex fo ydyﬂa(;) y!o ydy} ; ©)
F = LH?¢ +1 L H’é 6
p=PgW Iz H € +3 E €| ©
F, =1pgwH?¢ +1pgwLHe | (7)

We could have also solved the integral by splitting it into two parts,

y=H R x=L R R x=L H A

B, ] ~(pe)owase )+ [ ~(pw)(wast ) =pnti’e, s || pel 2 Je|(va) . @
y=0 x=0 x=0

F, =1pgwH’é +1 pgw(%)ﬁéy =1pgwH’e +4pgwHLé, Same answer as before! )

Note that in the 2™ integral in Eq. (8), the y dependence on x needed to be made explicit in order to
integrate properly with respect to x. An approach similar to what was used to derive Eq. (4) was utilized.
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statics 18

An alternate approach to solving this problem is to balance forces on the dashed volume of fluid shown
below.

AV4
y=H
ZFX =0= J (pgy)(wdy)—F, = F.=%pgwH* The same answer as before! (10)
y=0
ZF 0=W-F,=pjLHwg—F,= F,=%pgLHw The same answer as before! 11

Note that from Newton’s 3™ Law, the force the wall exerts on the fluid is equal and opposite to the force
the fluid exerts on the wall.

To find the center of pressure, balance moments about the origin,

ZMO—O—rCPxFR+rCM><W+fy yj % dF,i, (12)
where,
Tcp = Xcpl + Yep), ) ) (13)
Fr=-Fi-FEj= —Epngzi—EngHj, (14)
1 N
W = pgwLHj, (15)
Tew =3 Li+HJ, (16)
—~ H 1 —~
fyy o v x dF,i = [ yj x pgywdyt = —kpgw [, y?dy = —>pgwH*k (17)

Substitute and simplify,
a a~ 1 N 1 A 1,4 1.4 1 A 1 =~
0 = (xcpl+ ycpf) X (—EngHzl - EngH]) + (ELI. + EH]) X (EngLH]) - gpng3k, (18)

0=y %pngZE — Xcp %ngHiE + %pngzHic\ - %pngﬁE, (19)

yepH? = xCPLH —I2H +2H?, (20)

Yep = xCPH L +: H (21)
Note that xcp and ycp are related since they are located somewhere along the wall,

Yer = =7 Xcp + H. (22)
Substituting Eq. (22) into Eq. (21) and continuing to simplify,

—%xCP+H=xCP£—3L§+§H, (23)

(=%=2)xep = —3Lr—3H, (24)

(”;LLZ) Xep = LE+1H, (25)

(H2+L2 ( Hz) (26)

Thus

xep ==L, 27)
and from Eq. (22),

YVep = EH . (27)
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