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The area element in Eq. (2.6.3) should be 6x 8 . ~ ,  and not. the strip shown 
in Fig. 2.22. 

After solving for the coordirlates of pressure center, 

In  many applications Eqs. (2.8.5) and (2.6.6) may be evaluated most 
conveniet~tly through graphical i~ltegration ; for simple arcas they may be 
transformed int.0 general formulas as fo1lows:l 

- 1 x 4  
2, - - -- xyy sin B dr l  = z,t/ d t l  = (2.8.7) 

yA4 

111 Ecls. (A.10), of Appendix A, and (2.6.7), 
- 
T 

Whcn cit.her of the centroidnl axes, x = ;F. or y = 8, i s  an axis of symmctry 
for the surfaec, f,, vanishes and the prc?ssl~rc cbolli(?r lies oil .e = 6. Since 
I,, may be ctit.her positive or negative, thc prrsstlrr r r l i t ~ r  miby lic on 
eit.her sidc of the liilc! ;r = 2. To dctrrrnillc! ,tj, hy form~il:~, with Eqs. 
(2,'~,.2) and (2.6.0), 

In the parallel-axis thcort!m for moments of inertia 

I ,  = Ic  + pi1  

If 1, is eliniinated from Eh4. (2.6.9) 

I(; is always positive; hcncc, ! j ,  - is ;~I\vilys posit iv~, and the pressrire 
c c ~ t  r r  'is :~l\tr:~ys '1)elo w the ~ e t ~ t  raid of' t hc SIII~:~,{:(!. I t should 1 ) ~  crnphzl- 
sized that :111d ! j p  - jj :ire dist:lrlces i l l  thct plane of the surfacte. 

Example 2.1 1 : Tt~r triu~lgulnr gate CL)E (Fig. 2.23) is hinged along CD and is 
opened by a rlorn~al force P apfilied at E. It holds oil, sp gr 0.80, above it and 

See Appendix A. 



44 FUNDAMENTALS OF FLUID MECHANICS . [Chap. 2 

is open to the atmosphere on its lower side. Neglecting the jvcight of the gate 
determine (a) the magnitude of force exerted on the gate, by integration and by 
Eq. (2.6.2); (b) the location of pressure center; (c) the force Y necessary to open 
the gate. 

FIG. 2.23. Triangular gate. 

a. By integration with refcrcncc to Fig. 2.23 

13 18 
F = p d A  = y sin 0 yz dy = y sin 9 xy dy + y sin 8 k3 xy dy 

When y = 8,  x = 0, and when y = 13, x = 6, with x varying lincarly with y, thus 

in which the coordinates have been substituted to find x in terms of y. After 
solving for a and 6, 

6 4 8 a = s  b = - -  5 j x = Q(Y - 8 )  

Similarly y = 13, x = 6 ;  y = 18, x = 0; and x = Q(18 - y). Hence 

After integrating and substituting for y sin 0, 

B y  Eq. (2.6.2) 

F pGA = yg sin 8 A = 62.4 X 0.80 X 0.50 X 30 X 13 = 9734.4 lb 

b. With the axes as sho\vn, 2 = 2.0, = 13. In Kq. (2.6.8) 
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I., is zem owing to symmetry about the ecntroidnl axis parallel to the z-axis; 
hence Z = x, = 2.0 ft. In Eq. (2.6.1 l ) ,  

i.e., the prcssure center is 0.32 ft beIow the centroid, measureti in the plane of the 
area. 

c. \i\.%en monwnts about CI) are taken and thc action of the oil is replaced by 
the resultant,, 

I' X 6 = 9734.4 X 2 P = 3244.8 Ib 

The I'ressure Prism. The concept of the pressure prism provides 
:mother means for det.ermining the m:igilitude and location of the result- 
an t  force on an inclined plane surface. The volume of the pressure prism 
is the magnitude of the force and the resultant force passes t.hrough the 
centroid of the prism. The surface 
is taken as the base of t.he prism, and 
its altitude at each point is deter- 
mined by the pressure yh laid off to 
an appropriate scale (Fig. 2.24). 
Since the pressure increases linearly 
with distance from the free surfact?, 
,the upper surface of the prism is in 
a plane with its trace 0111 shown in 
Fig. 2.24. The force acting on an 
elemental area bA is 

6F = yh 6A = 6V (2.6.12) 
FIG. 2.24. Illristration of pressure prism. 

which is an element of volume of thc 
pressure prism. After integrating, F = f, the volume of the pressure 
prism equals the magnitude of the resultant force acting on one side of 
the surface. 

Equations (2.6.5) and (2.6.6), 

show tha t  z,, y, are distances to the centroid of the pressure prism.' 
Hence, the line of action of the resultant passes through thc centroid 
of the pressure prism. For some simple areas tho pressure prism is more 
convenient than either intcgmtion or formula. For example, a rec- 
tangular area with one edge in the free surface ~ I L S  a wedge-shaped 
prism. I t s  centroid is one-t.hird the altitude from the base; hence, 
the pressure center is one-third the altitude from its lower edge. 

Appendix A, Eq. (A.5). 




