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a. Duplicate sampler nozzles and pitot tube.
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b. Sampling station in conduit.

Sampling apparatus.




Background

W
ISOKINETIC:
velocity,,,.. = velocity, ,iont

a. Duplicate sampler nozzles and pitot tube.

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

US DH-81 suspended-
sediment sampler

b. Sampling station in conduit

Sampling apparatus.



ackground

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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Fig. 10 - Effect of sampling rate on sediment
concentration — 0.45 mm. sediment.

b. Sampling station in conduit.

Flg. 2 ing apparatus.



Background

Figures from FISP Report No. 5 (1941), “Laboratory
Investigation of Suspended Sediment Samplers”

140

120

100 B - \

- Standard nozzle
Stream velooity =5 ft./sec.
1 Avers- =~ Average
ooncentr lon temperature
i’fo = 2150 pepem. == &7 ° F.
+— 4 = 1250 p.pem. == 67 °F.
.10 = 1250 pepeme == S0°F.

804

a. Duplicate sampler nozzles and pitot tube.

Error in Concentration - Per Cent

=20

5

0.1 0.2 0.3 0.4 6 1.0 1.6 2.0 3.0 4.0 B0
Relative Sampling Rate - Intske Velocity
Stream Veloei
Fig. 10 - Effect of sampling rate on sediment
concentration — 0.45 mm. sediment.

b. Sampling station in conduit.

Fig. 2 pling apparatus.



Digitized 1941 lab data
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Digitized 1941 lab, data — combined

FISP (1941) lab study, & fifs
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Digitized 1941 lab data — combined

FISP (1941) lab study, & ftjz
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Digitized 1941 lab, data

Stream velocity = 3, 4, 5 ft/s
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Digitized 1941 lab, data

1941 lab study, 015 mm zediment
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Digitized 1941 lab, data

131 lab study, 015 mm sediment
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Simulations

@cle diameter: 0.45 mm @cle diameter: 0.15 mm

Ambient 55C: 1290 mg/L Ambient SSC: 1270 mg/L
Turbulence level: medium Turbulence level: medium
Water temperature: 20°C Water temperature: 20°C

Si uletl finish time: 30 sec Sim finish time: 30 sec

Intake
fficien

ﬁrﬁbient water velm

Intake ﬁrﬁhlent water velum
fficiency \Lft,e's 3 ft/s Ii:Ls/

0.29 run22 Tm=2 runs2 0.31 run6l® Tan 7 L run91*
0.49 run23 run33 runb3 0.39 run62 run72 rung2
0.62 run24 run34 runs4 0.49 run63 run73 run93
0.83 run25 run35 runss 0.62 rune4 run74 run94
1.01 run2sm run3sm run5sm 0.83 runtgs run?s run9s
1.19 run26 run3e runso 1.01 runb5m run75m run95m
1.35 run2?y run37 runs’ 1.19 runée run76 run9e
1.74 run28 run3s run58* 1.35 runé7 run77 run97
*sintwefion finish time = 15.5 sec 1.74 run68 run7s run9g*
2.38 rune9** run79** run9g9**

. *5iMen finish time = 15.5 sec
Variables tested:

* Intake efficiency (0.3-2.4)
e Sediment size (0.45 mm and 0.15 mm)
* Ambient water velocity (2, 3, and 5 ft/s)

**cimulation finish time =11.5 sec

Proposed simulations
Additional simulations



Methods

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

Numerical

Physical
/odeling

e
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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 * CFD software package
e Control of flow * Multi-physics modules
conditions e Structured, rectangular grid
* Control of particle * 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.
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Jlechnical drawing of nozzle
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modified from Fig. 9 in FISP Report No. 5 (1941), “Laboratory Investigation of Suspended Sediment Samplers”
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A computer-aided drawing (CAD) package was Nozzle geometry within FLOW-3D

used to create a 3-D rendering of the nozzle. with 0.5 mm grid cells.



FLOW-5D: Geometry.

sink

/\ :
R/ 1,2,3 = flux planes
. 1
AN



Flux planes




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




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

Errar in concenteation, in percent
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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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FLOW-3D results: 0.45 mm particles

FLOWS-30 rezultz, 045 mm zediment
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FLOW-3D. results: Turbulence

The turbulence intensity (turbulence level), I, was specified
for three cases—Low, Medium, and High. The values used
were 0.5%, 5%, and 20%, respectively.
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Errar in concenteation, in percent
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Effect of drag coefficient

FISP (1941 lab stody with FLOW-30 rezults, 015 mm zediment

EXPLANATION

—=—— |ab data (3 fijz)
& FLOWY-30 {drag = 1.000)
& FLOW-30 (drag = 3.125)

0.2

na 04 05 0OF na 10 15 a0 an 41 K0
Relative zampling rate



Effect of other variables

1941 lab study, 015 mm zediment
BI:I T T T T T T

EXPLANATION |
5tz |

—=— iitfy ]

IS

—=— 3ftfs 1

Errorin concentration, in percent

El:l-—

: v
N S > S
ul Nozzle diameter

< —

0E 086 Ik 10 15 20 an 41 1]
Relative sampling rate

S
|l
N

intake velocity

Relative sampling rate =
PUng ambient velocity



f atream linas
= sedirment path
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intake

8. Normal sampling rate -- intake velocity
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velocity magnitude
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5.829
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2.166
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Additional Research Needs

Different nozzle(s)
— D-77 nozzle

Mixed sediment sizes (distribution)

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

Turbulence/vertical velocity effects

Design tolerance
— or model sensitivity analysis

Water temperature



FLOW-3D results: Water temperature
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Methods
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Contact info:
Justin Boldt
U.S. Geological Survey
Kentucky Water Science (enter

jboldtadusgs-gov
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Gray et al. (2008)
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Fig. 5-15. Eflect of sampling rate on measured sediment concentration for four sediment size
distributions, adapted from Federal Interagency Sedimentation Project (1941).




FISP. Report No. 5 (1941) vs Gray et al. (2008)
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FLOW-3D results: 0.45 mm particles
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FLOW-3D results: 5 ft/s
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Nozzle diameter for area calculation

Nozzle diameter = 0.635 cm Nozzle diameter = 0.546 cm
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