Fluid Mechanics (10.303 or 14.301)
Forces on Plane Surfaces -- Basic Notation

Free surface
Y e W
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Munson Mott Crowe White

depth of fluid to differential area dA h h ysina h
depth to centroid of area he d. glsin o heg
distance from fluid surface along solid surface to area dA y y y £

y distance to centroid of area Ve L 3_/ 0

y distance to center of pressure Yr L, Yeo Ve
distance along solid surface area from X X X

x distance to centroid of area X¢ X 0

x distance to center of pressure of area XRr X Xep
location of resultant force, F, is called the center-of-pressure | (xg, yr) O, L) (i,ycp) (Xeps Yep)

Notes: In Mott, the x-axis is not treated explicitly since it is assumed that X, = Xg = X, = 0. Crowe uses o instead of
6 as the angle between the free surface and the inclined planar surface. Crowe also assumes symmetry in the x-
direction, which leads to Xep =X. N White, X. = Xt = 0, and y is also measured relative to the centroid. Thus, the

Xep and ygp values are relative to the centroid location.



Fluid Mechanics -- Fluid Statics: Forces on Plane Surfaces

Summary Equations (using the notation from Munson)
Force Magnitude

Fr = [PdA = [yhdA = ysin6[ ydA FR :’yh A
C

where P =yh and h=ysin0

_IydA
c_'[d—A

dA
and vy = %J'ydA and X = I—A = %J'di (X.,Y,) = centroid of area

Thus, F; =ysin@y A=yh A
Center of Pressure

SRV ijdA = yJ- yhdA = ysin ej yZdA

[y?dA _
Therefore Vg = =X where I, = moment of inertia
YA YA

FaXg = J'deA = yf xhdA = ysin ej XydA

xydA |
Therefore X = J‘L =—x  where |, = product of inertia
YA YA

But the Parallel Axis Theorem tells us that
I, =1, +Ay2 where |, = moment of inertia about the centroid

Ly = laye T AXcY, where I, = product of inertia about the centroid

Thus,

| |
Yr =Y, +—% Xp =X, +—%
R C yCA R C yCA

where Iyc and Iy, can be found in appropriate references for many common planar geometries.

Treating Composite Areas

A=2 A Fo =2 Fq,
1 1
Ye :KZyciAi XCZKZXCiAi

1 1
YR :_ZFRiyRi XR :_ZFRiXRi
Fr 5 Fr 5
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