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A B S T R A C T

In this study, a framework for simulating the flow field and heat transfer processes in small shallow inland water
bodies has been developed. As the dynamics and thermal structure of these water bodies are crucial in studying
the quality of stored water , and in assessing the heat fluxes from their surfaces as well, the heat transfer and
temperature simulations were modeled. The proposed model is able to simulate the full 3-D water flow and heat
transfer in the water body by applying complex and time varying boundary conditions. In this model, the
continuity, momentum and temperature equations together with the turbulence equations, which comprise the
buoyancy effect, have been solved. This model is built on the Reynolds Averaged Navier Stokes (RANS) equa-
tions with the widely used Boussinesq approach to solve the turbulence issues of the flow field.
Micrometeorological data were obtained from an Automatic Weather Station (AWS) installed on the site and
combined with field bathymetric measurements for the model. In the framework developed, a simple, applicable
and generalizable approach is proposed for preparing the geometry of small shallow water bodies using coarsely
measured bathymetry. All parts of the framework are based on open-source tools, which is essential for de-
veloping countries.

1. Introduction

Inland water bodies, especially small lakes and reservoirs, are used
extensively throughout the world to store water for irrigation purposes,
municipal water supply, recreation, and water treatment (Lee, 2007). In
this study “small shallow lake” represents the inland water body with a
surface area between 1.0 and 100 ha and a maximum depth of 5.0 m.
The ability of these water bodies to function depends on the conditions
within the water body, which can be influenced by the flow conditions
and the temperature distribution. Understanding the conditions existing
within shallow water bodies calls for details of the flow through the
water body, obtained either by measuring the flow parameters and
temperature distribution or simulating the processes of stratification
and circulation in the water body. Stratification in a water body pre-
vents mixing of water temperatures, dissolved substances, and nutrients
within the water column and can impose additional impacts on the
water quality and ecological health of the water body. In most cases,
carrying out measurements over small shallow inland water bodies is
difficult and expensive, demanding a high level of expertise to obtain
reliable measurements over the water surface even for measuring

conventional micrometeorological variables such as air temperature
and wind velocity.

Accurate estimation of airflow and heat exchanges at the air-water
interface in shallow reservoirs is vital for studying the heat, moisture,
and momentum transfers between a water surface and its atmospheric
boundary layer above. In shallow inland water bodies, the near-surface
water temperature commonly follows the radiative forcing (solar ra-
diation) trend with an increase during the day and a decrease during
the night. The temperature gradient can move vertically into the water
column by (effective) thermal diffusivity, which can be enhanced by the
atmospheric parameters, water surface waves and the dynamics of the
flow in the water body (Vercauteren et al., 2011; Yang et al., 2016).
Eddy diffusivity and thermal conductivity are important parameters in
simulating the diurnal evolution of the temperature in these water
bodies (Yang et al., 2016). Wind over water surface affects lake cur-
rents, sensible and latent heat fluxes and turbulence as well as surface
waves. The time-dependent effects of wind shear stress over the flow
can change the flow pattern and thermodynamics of the lake. There-
fore, the effects of heat transfer and wind-induced flow in small shallow
water bodies is complicated and needs the use of high-resolution
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