FLOW OF WATER

5.1 INTRODUCTION

Pollutant removal efficiency derivesfrom and isdependent upon the efficient movement of water through a
treatment system. Asillugtratedin Figure 5.1 theefficiency of theflow of water, hydraulic efficiency, isparticularly
important for treatment systems empl oying wet pools and vegetated channels. Theimportance of hydraulic
efficiency isrecognized in design criteriasuch asthelength-to-width ratio for wet pondsand vaults.**#% The
effect of design configuration on hydraulic efficiency andinturn performanceefficiency isthefocusof Chapter 5.
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FIGURE 5.1

Relationship of hydraulic to performance efficiency
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Chapter 5.

5.2 PROPERTIES OF WATER

Propertiesrelevant to ssormwater treatment are density,
gpecificweight, viscosity, specific gravity, diffuson, and
advection. Thedensity of water, p, isthemassof water
per unit volume (Ib-s7/ft*, Kg-s/m?). Thespecificweight,
g, istheweight per unit volume (Ib/ft3, Kg/m®). Thetwo
arerelated by g= pg.

Water dendity ismaximum at 4°C, decreasing aboveand
bel ow thistemperature. It decreaseswithincreasing tem-
perature above 4°C but only dightly between 5to 30°C
(about 0.5 percent), the upper value of interest with
sormweter. Densty increaseswithincreasng solidscon-
centration.

Viscosity of water isaproperty which definesitsresis-
tanceto shear forces. It occursfromtheinteraction be-
tween thewater mol ecul esand affectsthe movement of
moleculesor packets of water relativeto each other as
well asthe settling rate of particles. Viscosity of water
decreases by about 50 percent with ariseintempera-
turefrom 5to 30°C. Engineersdefinetwo viscosities:
kinematic (ft?/s, m?/s) and absol ute (dynamic) (Ib-g/ft?;
N/n). Thedefinition of absoluteviscosity anditsrela
tionship to kinematic viscosity ispresented below.

Absoluteviscosity (u) = shear force (1)
dv /dy

(5.18)

Kinematic viscosity (v) = absoluteviscosity (1) (5.1b)
mass density, (p)

Thespecificgravity of asubstanceistheratio of itsweight
to theweight of an equal volume of water. Sand weighs
2.65timesasmuch aswater of an equivalent volume.
Therefore, the specific gravity of water is1 and the spe-
cificgravity of sandis2.65. The specific gravity of or-
ganic matter rangesfromlessthan 1 to about 1.5. If two
particlesare of the samesizeand shape, theonewitha
higher specific gravity will settlemorerapidly.

Diffusionistherandom motion of chemical speciesin
water. Where aconcentration gradient existsthe ran-
dom motion causesmigrationto areas of lesser concen-
tration. Advection isthemovement of chemica species
viathemovement of thewater itself.

5.3 FLOW REGIMES

Theflow of water isdescribed by several complemen-
tary characterizations. steady and unsteady, uniformand
non-uniform, laminar and turbulent, and supercritical and
subcritical 214120 Stegdy flow isunderstood by con-
sidering apoint of interest in apipe, channel, or water
body. If a the point of interest theflow rate, depth, and
velocity are constant with time, theflow isconsidered
steady. Uniformity considersflow over adistanceina
pipe, channel, or water body. It requiresthat flow rate,
depth and vel ocity be constant over adistance of inter-
est. If thesethree attributes are constant over thedis-
tanceof interest, theflow isuniform.

Laminar flow describesthe condition when all water
moleculesmovedong pardld lines, visudized aslayers
(laminae) asshown in Figure5.2. Astheforcesassoci-
ated with viscosity dominate thelaminar flow regime,
the conditionisalso called viscousflow. Thetendency
for water to depart fromthelayered conditionisdamp-
ened by thewater’ sviscosity. Because of strict move-
ment of water molecules, any changeinthevertica con-
centrationsof substancesonly occursby diffuson.
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FIGURE 5.2
Laminar flow

At some point determinedin part by velocity and depth,
the shear forcesovercomethe molecular forcesof vis-
cosity and theflow regimebecomesturbulent. Inturbu-
lent flow the particlesof water moveindl directionsina
haphazard manner. Inertia forces, defined by theflow
velocities, dominate the viscousforces. Movement oc-
cursintheform of eddies, distinct packets of moving
water of varioussizesasillustrated in Figure5.3. Eddies
vary insizeand intensity by feetin streeamsandrivers,
inchesat theinletsof stormwater ponds, and fractions
of inchesinflash mixersthat disperse chemicalsinto
water. Although irregular in space and time, themotion
of eddies can be described statistically.>°
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FIGURE 5.3
Turbulent flow

Thedegree of turbulenceisdescribed by the Reynolds
Number (R).> Itisadimensionless parameter defined
by Equation 5.2.

R =

e

pVL, = VL (5.2)

C

n Y

Where: = density of water
absoluteviscosity
mean velocity
characteristic length

kinematic viscosity

For pipes, channels, and basinsthe characteristic length
isdefined by the hydraulic radius: theratio of thecross-
sectional areaof flow divided by the wetted perimeter
of flow.> Equation 5.2 showsthat R istheratio of the
inertid totheviscousforces. Hence, thegreeter thevaue
of R, themoreturbulent the condition. Figure5.4illus-
tratestherel ationshipsbetween R, theflow regime, and
frictionin pipes>Asresistanceto flow increasesthe R,
decreases, thereisgreater resstanceinlaminar flows.

Laminar conditionsexista R vauesbelow severa hun-
dred. Turbulent conditions beginto become significant
ataR of about 3,000. Valuesof R_between 3,000 and
10,000 arecaled smooth or trangitional turbulence con-
ditions.®* Above 10,000 the conditionisrough or fully
turbulent. However, with shallow flowsin vegetated
channelsand wetlands, full turbulence does not occur
until theR_exceeds about 10,000.%% 112

Hence, laminar conditionslikely existinvegetated svales
and wetlandswhen thewater flow isshallow and slow.
Flowsbecometransitiona when flow depthissignifi-
cant relativeto the height of thegrass. R inwastewater
treatment lagoonsarelaminar to trangitional 37001039 A
amilar conditionlikely existsin stormwater wet ponds.
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FIGURE 5.4

Reynolds Number and the hydraulic condition

Flow in pipes and open channelsis described as sub-
critica or supercritical. Subcritical flow ischaracterized
by low velocitiesand high depths. It occurswherethe
slope of the conduit isgenerally lessthan 15 percent
withrelatively smooth surfaces. Supercriticd flow ischar-
acterized by high vel ocity and shalow depth, occurring
where the slope of the conduit isgreater than 15 per-
cent. The point of delineation between subcritical and
supercritical flow occursat the critical depth (D).

Therelationship between thetwo conditionsisrelated
tothespecificenergy (H ) asshowninFigure5.5.H_is
minimum at thecritica depth. Elsewhere, H_isthesame
at two different water depths, oneinthe subcritical flow
regime and the second inthe supercritical regime. H_
includesthe depth of flow and energy dueto theflow of
water, expressed as \VV%/2g. Theflow rate, Q, isconstant
for each particular relationship. Whether aflow issub-
or supercritical isalsorelated to ahydraulictermknown
astheFroude Number, F. If F isgreater than 1, theflow
issupercritical. If lessthan one, theflow issubcritical.
Equation 5.3 showsthat F increaseswithincreasing weter
velocity, V, and/or decreasing water depth, D.

\4 (5.3)
F=—
(gD) 0.5



