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Problem Description

The rational for this study is to interpret and

quantify for a specific location how soil
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Thesis Objectives

< To derive several forms of efflux equations to link soil
physical mechanisms, soil biological parameters and types
of soil textures that affect soil efflux respiration.
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Design Stage 2
esigr Stage Design Stage 3
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Design Stage 1

Final Design
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The Expe”mental Setup and WEST of SCOTLAND
Part Description UW,

Chamber Parts Description Chamber on Grass Land
Gas Sensor

Chamber Cover

Chamber Cylinder

Gas Sampling
Tube

Circulation Fan
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Experimental and Numerical Results ST oS
Flow Chart

MATLAB Code for Soil Composition
Analysis

MATLAB Code for Carbon Dioxide
Species Experimental Data Analysis

CFD Numerical Simulations

Static Chamber CFD Simulation Dynamic Chamber CFD Simulation

Dynamic Chamber CFD Simulation with a
Rotating Fan Mesh
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MATLAB Software Interface for Soil

Composition Analysis

Data Input
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— Soil Standard Properties.
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MATLAB Software Interface for Soil Temperature Prediction
In Relation to Depth and Physical Parameters
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MATLAB Software Data Analysis UW

O

Absolute and relative species concentration values for carbon dioxide measured in experiments in relation to time.

Relationship Between Time and CO,, Concentration Non-Corrected Values using Static Chamber for Grass Land Site (8”" May 2015), Mote: Recent Grass Cut.
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MATLAB Software Data Analysis UWS

O

Absolute concentration values of carbon dioxide and measured efflux in relation to time

Relationship Between Time and CO, Cancentration Nan-Corrected Values using Static Chamber for Grass Land Site (Sm May 2015), Note: Recent Grass Cut.
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CFD Static Case Simulation

Capturing diffusion pattern within the chamber

CO2.Volume Fraction
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UW,

CO2 Concntration Plot in Relation to Time for Static Simulation Case
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Comparison between experimental and numerical data
for a static case
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CFD Static Case Simulation UW

Species concentration distribution within the Temperature difference contour plot
chamber
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CFD Dynamic Case Simulation with WEST of SCOTLAND
a Non Rotating Mesh Sim@tion UWS

Capturing the flow pattern Comparison between experimental and numerical
within the chamber data for a dynamic case
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CFD Dynamic Case Simulation with e
a Non Rotating Mesh Sim@tion UW.

Pressure effects on the active part of the soil
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CFD Dynamic Case Simulation BRI Or TS
with a Rotating Mesh UW

Hiwk i i

5 A Pressure

6.980e-001
6.545e-001
6.109e-001
5.673e-001
5.238e-001
4.802e-001
4.366e-001
3.931e-001
3.495e-001
3.059e-001
2.624e-001
2.188e-001
1.752e-001
1.316e-001
8.808e-002

4.451e-002

9.414e-004
o~ /——\\ [Pa]

/ Rotating blade fan

/o

Concentration plot for the numeric
simulation of a dynamic case

CO2Ideal.Volume Fract|
e
?
i
151

le-12 /
le-14

@Ahmed Al Makky 2016 All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechanical or photocopying, recording, or otherwise without the prior permission of the publisher.



CFD Dynamic Case Simulation AR Or TS
with a Rotating Mesh UW

O

Concentration plot for a numerical simulation of a dynamic case
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CFD Dynamic Case Simulation
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UW,

with a Rotating Mesh @

\elocity contour plot for a numerical simulation of a dynamic case
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Several forms of efflux equations where derived to
link soil physical mechanisms, soil biological
parameters and types of soil textures that affect soil
biological efflux respiration.

A new chamber design was made, tested and
validated.

The results of this project significantly contribute
towards the growing research in this area. The
innovations of the respiration chamber design in its
operational mode whether static or dynamic
delivered accurate concentration measurements to a
level of +20 ppm for a frequency sampling period
of 5 seconds by the used gas sensor.
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A software code using MATLAB was developed to
incorporate interface windows that can assist in the data
analysis stage of the project for the grass land location.
Consequently this will help future testing and calibrating
new sensor technologies compatibility with any
developed chamber design.

For both cases of a rotating fan mesh and without a fan
mesh the K-Epslion turbulence model proved that it can
be used to model flows in closed dynamic respiration
chambers.

The Laminar flow model can be applied to model the
static flow case where mass diffusion is dominant.

The Darcy equation proved to be applicable and can be
used in porous media for a grassland location.




Conference Paper

A NUMERICAL AND EXPERIMENTAL STUDY OF A NEW
DESIGN OF CLOSED DYANMIC RESPIRATION
CHAMBERS. Ahmed Al Makky, Olabi, Alaswad, Gibbson,
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