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/ SUIMARY OF Al AMALYT ICAL APPROACH TO
/J TWO--AD THREE=--DIMZNSIONAL SCJUR PROELEMS
by
G. L. Smith

This summary outline of the analytical mechanics of scour is based
ons

l. The boundary layer theory as developed by Schlichting
and Truckenkrost (1), (2) and (3).

2. The assumption that for a submorged-diffused jet impinging
upon a normal boundary, the Bernoulli Egquation is valid
in the neighborhood of the stagnation point.

3. Experimontal results on the diffusion of a submerged jet
by Albertson (4), Horma (5) and Rouse (6).

4, Experim=ntal results on scour by Rouse (7), Thomas (28),

Hallmark (9), Doddiah (10), Smith (11), and Laursen (12).

Generalized ejudtions derived by theoretical means are civen for the
phenomena of scour for both the two- imensional jot and the three-dimensional
jet. For both cases definition skctches are then given to illustrate the

various possible types of jet flow causin¢ scour.




‘T, Two-dimensional Case.

A. Submeiged jet.
] 3

/1. Vertical to the scour bed.

a8, Uniform bed material.
b. Non-uniform bed material.

- Experimental investigator - Rouse (7).

Dimensionless parameters.,
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Generalized equations in dimensionless terms
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é; 'Ihciined to the séour bed.
's-a;éluhiform bed matefial.
b. . Non-uniform bed material.
B. Non-submerged jet. ' 

l. Vertical to the scour bed.l

‘a. Uniform bed material,
b. Non-uniform bed material.
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2. Inclined to the scour bed.

a. Uniform bed material.

b. MNon-uniform bed material,
° Experimental investigator - Thomas (8), Hallmark (9)
Dimensionless parameters
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Generalized equations in dimensionless terms
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II. Three-cdimensional case
A. Finite boundary.
- 1. Submerged jet.

a.. Vertical to scour bed.

(1) Uniform bed material.
(2) Non-uniform bed material.

be. Inclined to scour bhed.

(1) Uniform bed material.
{2) Non-uniform bed material.

2.- Non-submerged jet.
a., Vertical to scour bed.w

(1) Uniform bed material.
{2) Non-uniform bed material.
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b. Inclined to scour bed.

(1) Uniform bed material.

(2) Non-uniform bed material.
Experimental investigator - Bureau of Public Roads.
(Project Study No. 735)
Dimensionless parameters

b Z, . d, Wt 0
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Generalized equations in dimensionless terms
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B. Infinite boundary.
1. Submerged jet.
a. Vertical to scour bed.

(1) Uniform bed material.
(2) Non-uniform bed material.

b. Inclined to the scour bed.

(1) Uniform bed material.
(2) Non-uniform bed material,

2. Non-submerged jet.
a., Vertical to the scour bed.

(1) Uniform bed material.
(2) Non-uniform bed material.
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Experimental investlgator - Doddlah (10)
Dimensionles; parameters
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Generalized equatioﬁs in dimensionless terms.
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b. Inclined to the scour bed.
(1) Uniform bed material.
~-(2) Non-uniform bed material.
Experimental investigator - Bureau of Public Roads
(Project 735)
Note:

This study is now under investigation to determine extent of
influence of channel boundaries on rates of scour.

Dimensionless parameters, etc., are considered the same as
for the case of the finite boundary.
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TWO - DIMENSIONAL JET

FIG1: DEFINITION SKETCH OF A FIG.2:DEFINITION SKETCH OF AN
VERTICAL JET INCLINED JET

THREE -DIMENSIONAL JET

FIG3:DEFINITION SKETCH OF A FIG4: DEFINITION SKETCH OF AN
VERTICAL JET INCLINED JET )
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LIST OF SYMBOL%

e

tailwater débth - ft.

~—

diameter of the two-dimensional jet at the
tailwater surface - ft. ' '

diameter of the three-dimensionalbjef at the
tailwater surface - ft.

the stétisticéi mean diameter.  of the bed material - ft.

acceleration due to gravity, 32.2 ft/seéz;

exponent giving g¢ -- value between 1 and 2.

‘radial coordinate parallel to bottom.

_ the time of scour - hr.

e

velocity of the two-dimensional jet at the
tailwater surface,.

velocity of the three-dimensional jet at the
tailwater surface.

horizontal distance from centerline of the Jet.
20
I8m + 29

10

9(2m + 1)p =

10
9w + 1)F7
the apparent depth of scour - ft.
(b +2g)Y

Bo sin®

constant for law of diffusion along the centerline
of a two-dimensional jet.

constant for law of diffusion along the centerline
of a three-dimensional jet.

a theoretical expression for the following
parameters:

' ‘,;’l'w



" :;A; - W, ; b : r ; ds V%t 5Gnd X
a
[5-1)gd, " d* b d b b
. z’ (eta :
prime) = a theorstical expression for the following
parameters:
2 :
- _ : It _
{%sm 9) . b . r . dV .and X
™ J . J J . Ty
(%-I)st Bsing ~ b~ B b._ b
. 7”(e£a double _ sz gl e
- prime) = the same as ) except V, 1is replaced
- - by W;. .
. € (theta) = angle of impingement of jet with tailwater
' surface-degrees.
Y (nu) = kinematic viscosity of fluid - ft%/sec.
% (xi) = a theoretical expression of the following
i parameters, .
- _ V
Vo -.P_~_r‘_-_di°tjond_x_
_a.._'_'_ J J J
{;?,-1)&:1(!_s B b° B b b

P (rho) = specific gravity of water. e
o (sigma) = specific gravity of sediment (-%}" 2.65).
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