Shaina Sabatine October 5, 2009
CIVE 716: Erosion & Sedimentation

Assignment 2
Problem 1

Given: D =3m;R = 15m Assumptions: v, =0
: Half spherical tent located in Windsor, CO Constant wind direction

U = 16042

- ‘ft Force, F, [lkN] on the tent.

Elevation of Windsor, CO: 4798ft = 1462m
Source: http://www.city-data.com/city/Windsor-Colorado.html| ‘i—,\

‘5&\9’

Density of air at elevation of Windsor, CO (two sources): 4—/)

kg :
Pair = I-OSﬁ / \/

Source: http://www.engineeringtoolbox.com/air-altitude-density-volume-d 195.html

Density of air relative to altitude: http://www.2-stroke-porting.com/altiden.htm

Altitude (m) | pair(kg/m*)
1000m 1.1
2000m 1.0

Linear interpolation to find density of air at 1462m:
Wi ae e feo kg . :
e T = ,x = altitu
S (¥ = density in /m3 x = altitude inm
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y-11  10-11
1462 — 1000 ~ 2000 — 1000
kg
y=105-%
So, the density of air is: py;; = 1.05%

Calculation of Lift Force:

The equation for lift force is derived from the Bernoulli equation (see derivation in Problem #2A: Term 3

in the integration of the pressure distribution over a half sphere).
27

=7 2,.p2
Fy 3zpuOo nR

27 kg km 1000m  1hr \? )
F = (ﬁ) (1.05 'n—lg) (160F X —p—X W) (m)(1.5m)

F, = 12,400N

| F,=124kN |
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Problem 2

Given: Particles A & B are quartz, sop = 2650%; Vs = 26,000%
Particle A is half spherical with the flat face horizontal
Particle B is half-cylindrical with a square horizontal flat face
Vp = 0

Given (Part A): V4= ¥z= 1000cm® = 0.001m3
Given (Part B): Diameter is 1000 times smaller than in Part A
% kg N
Assumptions: pp = 1000-=; v, = 9810
Find (Part A): Dimensions of particles A& B
Net Vertical & Horizontal Forces (neglecting viscous forces)

Ve

Find (Part B): Net Vertical & Horizontal Forces on Particle A assuming a highly viscous, Newtonian fluid

Part A:
Particle A Poarficde B°
| —
.\:
f
| ﬂA
" S =N
8
1\ 74 1 1

vi=(3) ) e Va= () mRs" = @) (3) ko’ = mks?

| 0.001m3 = inRA:‘ 0.001m® = nR,3
g Rp = 0.0683m
R, = 0.0782m

Table I: Particle Dimensions

1000 1000 s \J”"l\) =

| 782 /683
I 0.001 0.001
0.0782 0.0683




Particle A:
Because flow is steady, irrotational, inviscid, and incompressible, a Bernoulli sum may be taken between
the approach to the half-sphere and a point on the bottom at the center of the half-sphere. Using the

approaching velocity and pressure as P, U the following expression is yielded to find pressures and
velocities at a point on the base of the half-sphere:

P P v,
Lo fosle =204t
v 22y 2g

Where Py, is defined as:

2

, v,
B =P+ pTp

b

2

Because Force equals Pressure multiplied by Area, the force at the base becomes F,=nR’P; Then,
integrating the forces over the area of the entire half-sphere (dF,), the following integral is yielded:

0

This integral will be broken into three integrals to be computed. Also, the following identities are used:

2
\:(Pw + p%) — (yRsin Gcosqi)—(p%um2 sin® H)jlﬂz sin* 8 cos ¢dgd 6

%

S

1S

sind =1 /fsm? 6o =",
[

I oo

7 f.s

J%sinj ai0=%, Tein® 040 = 3/
o

D ey

Therefore, the following three integrals are computed:

x 2 ”/3/ 2 z
-, +pu—;—)R2 sin? @ jcoswwewz{g +pl%]1e2 fsin® 60
0 / 0

h
=-\:Pw +p”L}zR2 =F,
5 z
x 7 ix
R j_sin3 0 [0052 ¢d¢k’6 = }/ﬁf jsinl 6do
0 s 0

= %7r1€3y=;/V:F:2
9 2p2 .4 ”/2/ . = _9_ 2 3/7 .4
Pg”m R jsm 0 J;cos(/)zlgzﬁ 16 ,0414cc R Jsm 0do

0 -7

_ 9 4 . f37\= 277[) 22
=psu, R\ — |7 —— R*=F,
P4”m ( 3 ) ( 2 Pl 2




Then, combining all three integrals yields the following:

2 2 uwz 2 Vbz 2 2 uwz 27z 252
R P, + 7R p~2——~7rR pT—er P, —nR"p 5 +9V + v ou, R

Cancelling terms yields the following:

2

v, 277 2
— R pt—vy V+| == pu’R*
P 2 Vi [ 32 jﬁ’”n

The velocity underneath the half-sphere is equal to zero, as defined in the problem statement, therefore, the
net force in the vertical direction is yielded below.

F. =y V+ == |ou,R* =
(2

277
32

=9810(0.01m*) +[ J1000uj(0.0782)2 /

=16.2u,” +98.1

Due to the fact that the particle is symmetrical, and that flow is irrotational, there is no drag force and the
net force in the horizontal direction equals zero. Indeed, “Irrotational Flow around a sphere generates
neither lift nor drag.” (Julien, 1998, Erosion and Sedimentation) All forces are equilibrated by equal
opposing forces, therefore.

27

J.—pCOSQRZ sinédgdd =0
0

F. =0 /

Due to the fact that there is no flow underneath the spherical particle, incipient motion occurs when the lift
force and buoyant force are strong enough to overcome the submerged weight of the particle. Therefore,
u,, or the critical velocity to determine incipient motion in clear water is given as:

F,=

Y S—

27 ..,
Zou PR - (G -1
33 P WG -1

2 . 27 2_p2
ZaRNG-1) = == pu 7R
r3m G-1 33 e
(981()%){3}(0.0782»1)3(2.65 - = -21(10005%)%27;(0.0782@2
m 3 32 m

u, =1.0m/sec

Solving for u,, it is determined that incipient motion occurs at approximately 1.0 m/s for the half-sphere.




Particle B:
For the half-cylinder, a Bernoulli sum can once again be taken from within the approach condition and a
point underneath the base of the half-cylinder.

P 2 P 2
ERL R S WL
y 2g vy 2g

The pressure at the base of the half-cylinder is also somewhat similar at first.

ul VZ
P, =P, —p+p—2—p-Lt
b m}gpz Pz

The force at the base in the vertical is simply Pyd,, or PyL,, and z is equal to Rsinf. In addition, the
velocity at the base of the half-cylinder, ¥, is equal to -2 u.sinf. Subsequently, the following equation is
yielded:

2 2 z 2 . 2

V, -2

ppte B ) T e s p e rsing s p 250N |2y
2 2 ; 2 2

Then, distributing the integral and rearranging terms yiclds the following:

2 2 2 * z x
u 2 V, u, Y . 2T
PL+p=2L—-pt-D-|P +p—=2_ (L‘ )jsm6’d9+ v’ R Ismz €d6+£uw2L‘ jsm3 0do
2 2 2 5 o 2 0
Then, using the trigonometric identities provided above for Particle A, and cancelling like terms yields the
following for the half-cylinder:
v, 8 pu :
2 L pt 22 g2
T T

The velocity underneath the half-cylinder is equal to zero, as defined in the problem statement, therefore,
the net force in the vertical direction is yielded below:

2 2
7WKL+§'D”*"’L2 =
2 3 2

(9810%](0.01;713) +2(500)“;(0.1366;;1)2 =
m’
24.9u,° +98.1

As for the net force in the x-direction, buoyancy force acts in the vertical direction, as does the weight force
of the particle and the lift force. The only force that may contribute in the horizontal direction would be the
drag force. However, because flow in our situation is irrotational, no drag force is generated. Hence, the
net force in the horizontal direction is zero as well.

T

Fy = {(= poos@)LRA0 =0

[}
£=0 /




Due to the fact that there is no flow underneath the half-cylindrical particle, incipient motion occurs when
the lift force and buoyant force are strong enough to overcome the submerged weight of the particle.
Therefore, u,, or the critical velocity to determine incipient motion in clear water is given as:

8 u’ )
Zp= W (G-1
3P (G-
7R? 8 u’
LG-l)==p—<1?
i (G- 3P
2 2
(9810%)%(0.1366m)(2.65 -= 2(1000k—‘%)L%(o.mﬁém)2
m m

u, =0.8m/sec

Solving for u,, it is determined that incipient motion occurs at approximately 0.8 m/s for the half-cylinder.
The results from the above analyses are presented in Table 2.2.

Table 2.2 Summary Results for Part A of Question 2

Net F, (N) Net F, (N) u,(m/s)
Particle A 1 6.21{(02 +98.1 o/ 10 ' /
Particle B | 249y % +98.1 0 s os



















