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Introduction Conceptual framework

e Surface waters such as rivers and reservoirs form the lifelines of
ecosystems and human societies. Their health depends strongly
on how turbulence — the chaotic, three-dimensional motion of
water — governs the transport of heat, sediments, and dissolved

Turbulence arises when flow instabilities generate vortices that
transfer energy across scales.

e In rivers, turbulence originates mainly from bed roughness,

channel geometry, and obstacles. Shear layers near the bed

substances. and banks generate eddies that drive vertical mixing and
e Turbulence enhances oxygen transfer, redistributes nutrients, sustain sediment and nutrient exchange.
and controls pollutant dispersion, yet excessive mixing may e In reservoirs, the dynamics are dominated by stratification
resuspend sediments or degrade clarity. Despite its importance, and buoyancy effects. Density contrasts create underflows,
turbulence 1s often insufficiently represented in many water- interflows, or overflows that form sharp shear layers. Wind
quality models. forcing and inflows generate localized turbulence, while
 This study integrates theoretical, numerical, and field stable thermal stratification suppresses vertical mixing.
perspectives to explain how turbulence arises in rivers and  p\jodern techniques such as ADCPs, microstructure profilers, and
reservolrs and how it regulates water quality, providing a advanced numerical simulations (RANS, LES, LBM) reveal that
physically based understanding useful for water management. turbulence in surface waters is highly variable in space and time,

responding sensitively to hydraulic and climatic forcing.
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Figure 1. Upper reaches of the Left Talgar River (photo: Wikimedia Commons)

Results and Discussion

The comparative analysis reveals that turbulence in rivers and
reservoirs follows the same physical principles but produces very
different water-quality outcomes.
In rivers:
* Continuous shear-driven turbulence maintains oxygenation Figure 3. Examples of turbulence generation in surface waters: on the left, bed roughness and
and promotes self—purification. obstacles generate turbulence in a natural river; on the right, high inflow creates turbulence in a
e Coherent eddies transport sediments and solutes vertically, reservoir (photos: Wikimedia Commons).
supporting ecological balance.
e However, Intense turbulence can increase turbidity and
mobilize pollutants.

The following table summarizes typical ranges of key turbulence
parameters in rivers and reservoirs based on field and modeling

In reservoirs: studies.
e Stratification limits turbulence to thin layers, resulting in Parameter Symbol/Unit Rivers Reservoir
oxygen depletion 1n the deep zones. A
. . . . ccinati -6 =7 _ _ .
e Episodic inflows or surface cooling events can break | D'ssipationrate & (m?/s”) 1077 —10 10~ —-10™ ;
str.atifi.cation, restoring OXygen and redistributing nutrients. Turbulent kinetic energy |  k(m?/s?) 10~% — 10-2 10-6 — 10-3 :
e Wind-induced turbulence in the surface layer enhances gas
exchange but may also trigger algal blooms under nutrient-rich Densimetric Froude no. Fr (=) - 03 —1.0
conditions. . . Gradient Richardson no. Ri (—) 0.2-1.0 0.05 — 0.3
Turbulence thus acts as both a stabilizer and a disruptor —
beneficial when moderate, harmful when extreme or suppressed. Typical inflow velocity U (m/s) 0.1-3 0.05 - 0.1
Table 1. Representative turbulence metrics in rivers and reservoirs
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