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Background

A STUDY OF METHODS USED IN

MEASUREMENT AND ANALYSIS OF SEDIMENT LOADS IN STREAMS

a. Duplicate sampler nozzles and pitot tube.

REPORT NO. 5

LABORATORY INVESTIGATION OF

SUSPENDED SEDIMENT SAMPLERS

DECEMBER. 1941

b. Sampling station in conduit.

Sampling apparatus.




Background

ISOKINETIC:
VEIOCitynozzle = VEIOCityambient

US DH-81 suspended-
sediment sampler



Background

Figures from FISP Report No. 5 (1941), “Laboratory
Investigation of Suspended Sediment Samplers”
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a. Duplicate sampler nozzles and pitot tube.
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Background

Figures from FISP Report No. 5 (1941), “Laboratory
Investigation of Suspended Sediment Samplers”
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b. Sampling station in conduit.

Fig. 2 ing apparatus.
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. Normal gampling rate —- intake welocity
equal to stream velocity.
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b. Sampling rate belew normal -- as 1llustrated, ratio
of intake wvelocity to stresm veloeity approximately 1/5.
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e¢. Sampling rete above normal -- as illustrated, ratio
of intake velocity to siream velocity approximately 3 .




Digitized 1941 lab data
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Digitized 1941 lab data — combined

FISP [1941] lab study, & fifs
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Variables tested:

* Intake
efficiency
(0.3-2.4)

e Sediment size
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0.2 0 n4 0% 0B 0a 10 145 an an 40 k0

and 5 ft/S) @elative sampling@

Errorin concentration, in percent

intake velocity
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Research objective:
Evaluate and verify the 1941 lab
results with numerical modeling.

/— Physical Modeling, 1941

Methods

/- Numerical Modeling, 2014 \




Methods

Computational Fluid Dynamics (CFD) V11
is a numerical method to solve the FLO w

equations of fluid flow.

Advantages of CFD: FLOW-3D:
e Lower cost e CFD software package
e Control of flow * Multi-physics modules
conditions e Structured, rectangular grid
e Control of particle e Volume of Fluid (VOF)
method

characteristics .
* Fractional Area-Volume

Obstacle Representation
 Flow field visualization (FAVOR) method

e Known “true” values

Disclaimer: The use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the U.S. Government.



lechnical drawing of nozzle
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modified from Fig. 9 in FISP Report No. 5 (1941), “Laboratory Investigation of Suspended Sediment Samplers”



5-D rendering or hozzle

A computer-aided drawing (CAD) package was
used to create a 3-D rendering of the nozzle.
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Nozzle geometry within FLOW-3D
with 0.5 mm grid cells.



FLOW-3D: Geometry.
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Boundary conditions:

— Upstream: specified
velocity (V) and particles

— Sides: stagnation pressure
(P) w/ tangential velocity

— Downstream: static
pressure (P)

RNG turbulence model

— similar to k—s model
30 sec finish time

Constant water
temperature at 20°C




RESULTS



FLOW-3D. results: 0.15 mm particles

FISP (1941 lab stody with FLOW-30 rezults, 015 mm zediment
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FLOW-3D results: 0.15 mm particles

FLOWS-30 rezults, 015 mm zediment
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FLOW-3D results: 0.45 mm particles

FISP (1941 lab stody with FLOWS-30 rezults, 045 mm zediment
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Effect of other variables

181 lab study, 015 mm zediment
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velocity magnitude

11.324
9.492
7.661
5.829
3.998
2.166
0.335




f atream linas
= sedirent path

et — —

intake

&. Normal sampling rata -- intake wvelocity
equal to stream velocity.
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b. Sampling rate below normal -- as illustrated, ratio
of intake welocity to stresm veloeity approximately /5.
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¢. Sampling rete above normal -- ag illustrated, ratio
of intake welocity to soiream wvelocity approximately 3 .
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x-velocity and particle
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x-velocity and particle

-3.0816 -0.5714

FLOW-3D t=30.000118 y=2.500E-02 ix=3 10 100 kz=3to 34

m-b linked
%_2;;16:02 09/30/2014 wkei hydr3d version 11.0.0.27 win64 2014
itle




x-velocity and particle
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x-velocity and particle
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Additional Research Needs

e Different nozzle(s)
— D-77 nozzle

e Mixed sediment sizes (distribution)

* Natural fill conditions
— function of depth, velocity, water temperature

e Turbulence/vertical velocity effects

 Design tolerance
— or model sensitivity analysis

e Water temperature
% G Federal Interagency
- Us s Sedimentation Project (FISP)

science for a changing world



Questions?

Contact info:
Justin Boldt
U.S. Geological Survey
Indiana-Kentucky Water Science Center
jboldt@usgs.gov
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~ Physical Modeling, 1941
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Numerical Modeling, 2014
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urve fit to 1941 lab data

1941 lab study, 015 mm sediment
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