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PROGRAMME 
DAY 1: THURSDAY, 8 FEBRUARY 

8 - 8.30AM  REGISTRATION  

8.30 – 
10.30AM 

  

  

  

  

  

  

  

  

Session 1  
Chair: Colin Whittaker 

WIND & GEOTHERMAL ENERGY  

Plenary: A Mathematical Toolbox to 
Access Energy Resources 

Rosalind Archer 

Multi-rotor UAV noise 
R McKay and M 

Kingan 

Wind Strength in Dust Devils 
N Hawkes, R Flay, J 

Cater 

 Numerical Investigation on the 
optimization of the throat length of a 

ducted wind Turbine 

C S Kasinadhuni, R N 
Sharma, M Kingan 

Numerical Study of a NACA0015 
Circulation Control Aerofoil Using 

Synthetic Jets 
P Itsariyapinyo 

Ice Mitigation Techniques for Wind Turbine 
Blades – Critical Review 

D Stanojevic   

Numerical Investigation of Low Reynolds 
number aerodynamics of Ice accreted 

airfoil 

N L Oo and R N 
Sharma.  

10.30 – 
11AM 

MORNING TEA  

11 – 
12:30PM 

  

Session 2  
Chair: Rosalind Archer  

WIND & GEOTHERMAL ENERGY CONT.  



3 
 

  

  

  

  

  

  

  

A simple model of silica colloid deposition 
in geothermal energy extraction systems 

S Chen, K Brown, M 
Jermy 

FLUID MECHANICS 

Enhancement of Turbulence Intensity and 
Length Scale of a Passive Turbulence Grid 

with Flags 
N Kay 

Numerical modelling and analysis of 
airflow arrangements in a compact wet 

air-to-air plate heat exchanger 
S Lowrey and Z Sun 

Numerical Investigation of the flow-field of 
Synthetic jet with sidewalls 

G Krishan, R N 
Sharma, K C Aw 

Study of fluid dynamics through an UMGT R D'souza 

 Unsteady Flow of Yield Stress Materials M Moyers 

12:30 – 
1.45PM 

LUNCH  
Workshop on research funding led by 

Rosalind Archer  

  

1.45PM – 
3PM  

  

  

  

  

  

Session 3 
Chair: Craig Stevens 

HYDRAULICS  

Plenary: Blue Future: Rosy Outlook Heide Friedrich 

Influence of large woody debris (LWD) on 
a river’s channel morphology in New 

Zealand: A hydraulic flume experiment 

G Spreitzer, H 
Friedrich, J 
Tunnicliffe 

Effects of flow depth scaling on local scour 
at submerged weir 

L Wang 

Sediment-driven gravity currents 
modelled with LES 

J Pelmard, H 
Friedrich and S Norris 

3 - 3.30PM AFTERNOON TEA  
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3.30 - 
5.30PM 

  

  

  

  

  

  

  

  

  

  

Session 4  

Chair: Timothy Anderson  

HYDRAULICS CONT.  

High-speed imaging to visualize and 
quantify sediment transport over a dune 

bed 

R C T van Scheltinga, 
H Friedrich, G Coco 

Quantitative analysis of eight videos about 
underwater volcanic eruptions in 

laboratory-scale 
Y Shen, C Whittaker 

The role of defects on the hysteresis of 
wave-generated ripples 

C Jin, G Coco, R O 
Tinoco, E B Goldstein 

and H Friedrich 

MICROFLUIDICS  

A continuum model for cell-cell 
hydrodynamic interaction of model 

microorganisms 

M Gravatt, A Clark, V 
Suresh, R Clarke 

The rolling and slipping of droplets on 
superhydrophobic surfaces 

A Smith 

High-Speed Dynamics of Magnetic Fluid 
Droplets, Falling and Splashing in a Non-

Uniform Magnetic Field 
F S Wells 

The Chargeability of Spray Drops in 
Electrostatic Agricultural Sprays 

S Post 

Fluid flow and heat transfer of liquid-liquid 
two phase flow in microchannel 

A Abdollahi, R 
Sharma, S Norris 

Interfacial phenomena in multiphase flows E Nowak 

5:30PM 
SOCIAL EVENT 

Old Government House,  
University of Auckland City Campus 
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DAY 2: FRIDAY, 9 FEBRUARY 

8.30 – 
10.30AM 

  

  

  

  

  

  

  

  

Session 5 
Chair: Heide Friedrich  

OCEAN ENERGY AND ENGINEERING  

Plenary: Ice Shelf Cavity Observations: 
Buoyancy Effects Spanning Six Orders of 

Magnitude in Aspect Ratio 
Craig Stevens 

Locally-resonant wave energy converter F Montiel and B Wilks 

Tidal Resources Assessment using 
Numerical Simulations 

A Harang, R Vennell, 
M Gerritsen, M 

Smeaton 

Theoretical and experimental investigation 
on the linear estimated error of wave force 

by using wave elevation data 
J Liu, A Guo, H Li 

Laboratory experiments on edge wave 
excitation 

X Ding, B Blanco, P 
Blondeaux, R 
Dalrymple, P 

Lomonaco, G Vittori, 
C Whittaker, Z Wei , R 
Garnier, R T Guza , G 

Coco 

NAVAL ARCHITECTURE  

Quantifying the performance of boats and 
propellers 

L Le-Ngoc, A 
Caughley, M W 

Jones, R McKinlay 

Efficient simulation of fluid-structure 
interaction for 3D water impact scenarios 

M Battley 

10.30 – 11AM MORNING TEA   

11 – 1PM  TOUR OF NEWMARKET CAMPUS  

1 – 1.45PM LUNCH 
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1.45 – 3PM 

  

  

  

  

  

Session 6  
Chair: Miguel Moyers-Gonzalez  

SOLAR ENERGY & VENTILATION  

Plenary: Exploring some fluid mechanics 
challenges in solar energy systems 

Timothy Anderson 

An Analysis of Solar Central Receiver 
Heliostats 

S Fadlallah, T N 
Anderson, R J Nates 

Numerical Study of the Impact of Rooftop 
Panels on Pedestrian Comfort 

P P Pancholy, P 
Geoghegan, M 

Jermy, M Moyers-
Gonzalez, P L Wilson 

The Effect of Onset Turbulence Flows on 
Natural Ventilation Using Wind Catchers 

A Zaki 

3 - 3.30PM AFTERNOON TEA 

3.30 - 5PM 

  

  

  

  

  

  

  

  

Session 7  
Chair: Mark Battley  

SOLAR ENERGY & VENTILATION CONT.  

Influence of wind on indoor convective 
floor heat transfer of single-sided naturally 

ventilated cubical enclosures 

M K Pokhrel, T N 
Anderson, T T Lie 

Effect of wind on multiple short natural 
draft dry cooling towers 

M Khamooshi, T N  
Anderson, R J Nates 

EXPERIMENTAL TECHNIQUES  

A Low-cost and Simple Particle Image 
Velocimetry System 

R Enayatollahi, T N 
Anderson 

Stereo-PIV measurement of aortic arch 
hemodynamics in rigid and compliant 

phantoms 

S G Yazdi, P 
Docherty, M Jermy, P 

Geoghegan 

Controlling droplet spread direction with 
surface patterning 

M Broom and G R 
Willmott 
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ABSTRACTS 
Plenary talks 
A Mathematical Toolbox to Access Energy Resources 
PROFESSOR ROSALIND ARCHER 
Oil, gas and geothermal fluids are produced from deep within the earth from reservoirs that cost millions 
of dollars to drill.  The data that can be directly measured at those wells is almost a needle in a haystack 
when compared to the overall volume of the systems.  How do we join the dots and understand the 
reservoir structures? The fluid flows include multiphase behaviour with changes in phase during 
production.  Flow occurs in tiny pores in the rock and in complex fracture networks.  What are the best 
computational tools to capture these effects at appropriate scales?  How can well placements and 
production plans be optimised?  What mathematical tools and computer architectures are required to 
address flow problems which may have millions of degrees of freedom? 

This talk will introduce a range of mathematical tools which are used to tackle these questions.  The 
toolbox involved includes finite volume, finite element, and boundary element methods, lattice Boltzmann 
methods, analytical approaches for partial differential equations, geostatistical techniques, 
proxy/emulation methods, inverse modelling and nonlinear optimization methods. 

Rosalind Archer holds the Mercury Chair in Geothermal Reservoir Engineering at the University of 
Auckland.  She is the Director of the Geothermal Institute and also the Head of the Department of 
Engineering Science.  Rosalind’s research group addresses computational modelling topics in geothermal 
energy.  She and her students aim to develop tools to integrate geological, geophysical and geochemical 
data into reservoir engineering models. Rosalind holds a BE degree in Engineering Science from the 
University of Auckland and MS and PhD degrees in Petroleum Engineering from Stanford University.  She 
lectured at Stanford University, and at Texas A&M University, before returning to New Zealand in 2002. 

 

Blue future: rosy outlook 
DR HEIDE FRIEDRICH 
Historically, hydraulic engineering was one of science’s leading edge disciplines. Design standards have 
somewhat simplified the work of a hydraulic engineer in the last century, but the fundamentals of hydraulic 
engineering are still governed by extreme complexity. More recently, we have seen hydraulic engineering 
laboratories moving away from the more traditional hydraulic structure projects, to areas such as general 
fluid mechanics and ecohydraulics. Yet, physical hydraulic modelling is also making a comeback in recent 
times. I present, from a hydraulic engineering laboratory viewpoint, the change that is presently taking 
place on how we study large-scale water resources processes, thus tackling problems of vital importance 
to a prosperous society, often associated with natural hazards, e.g. flood risk, river morphological changes, 
tsunami resilience. Our future looks rosy, especially if we team up with the various water-associated stake 
holders. 

Heide Friedrich leads the Water-worked Environments Research Group (water.auckland.ac.nz) and is the 
Head of the Hydraulic Engineering Laboratory at the University of Auckland, New Zealand. She has over 15 
years’ experience, both in industry and academia, having worked and lived in Germany, Taiwan, UK, 
Australia and NZ. Her main research focus is on studying the physical processes in natural aquatic 
environments, such as rivers, and how water interacts with and shapes its surroundings. 
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Ice Shelf Cavity Observations: Buoyancy Effects Spanning Six Orders of 
Magnitude in Aspect Ratio 
DR CRAIG STEVENS 
An ice shelf is a massive lid of ice that forms when glaciers flow off the land and merge as they float out 
over the coastal ocean.  It is no surprise that all the ice shelves of consequence are found around the coast 
of Antarctica. These massive pieces of ice hold back the land-locked ice that, if freed to melt into the 
ocean, would dramatically increase sea levels globally.  I will discuss recent observations from the Ross Ice 
Shelf Hot Water Drill Site in the centre of the Ross Ice Shelf – the largest shelf on the planet.  Fluid 
mechanically it’s a bonanza with the slow creep of the ice and the circulation of the ocean below.  In 
particular I will consider the point that the ocean cavity is long and shallow whereas the borehole is tall and 
narrow.  We pass the same instruments through these two very different water columns to look at the 
stratified mixing processes.  There is no such thing as a free lunch so I will contextualise the value of 
environmental fluid mechanics, where detailed understanding of actual process is sought such as for the 
Ross Ice Shelf Experiment, in the wider New Zealand science system that seeks impact and excellence in 
the absence of peer review. 

Craig Stevens is a physical oceanographer with a joint position at NIWA (NZ National Institute for Water 
and Atmospheric Research) and the University of Auckland and is the current President of the New Zealand 
Association of Scientists.  With training at the Universities of Adelaide, Western Australia and British 
Columbia, his research focus is on extreme ocean environments.  Present work includes fate of ice shelf 
meltwater plumes and high Reynolds number tidal turbulence.  He has a high outreach profile in New 
Zealand, helping to explain the value of science, and the oceans in particular, to a wide variety of 
audiences.  He is the current co-President of the New Zealand Association of Scientists. 

 

Exploring some fluid mechanics challenges in solar energy systems 
DR TIM ANDERSON 
The principle challenge posed to any solar energy system is in trying to improve and/or maintain its 
efficiency. This presentation delivers an overview of recent work in the field of fluid mechanics undertaken 
at Auckland University of Technology, and discusses how the research can deliver on this challenge. In 
doing so it will examine a range of solar technologies: from thermal cooling systems, to desalination, to 
high temperature concentrating solar power systems and their associated fluid mechanics problems - 
from natural convection to multiphase flows and the techniques used in studying these. 

Tim Anderson undertook his Bachelors and Masters degrees at the University of New South Wales. On 
completing his studies, he worked within the School of Mechanical and Manufacturing Engineering at the 
University of New South Wales as the engineer managing research in the heat transfer and IC engines 
laboratory. In 2005, he immigrated to New Zealand to complete his PhD at the University of Waikato. He 
has subsequently held academic appointments at Deakin University in Australia and his current position at 
Auckland University of Technology. His research covers a wide range of fluid mechanics and heat transfer 
problems, with a focus on renewable energy systems and solar energy systems in particular. 
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Wind & Geothermal Energy 
Multi-rotor UAV noise 
R McKay and M Kingan 
The noise emitted by multi-rotor unmanned aerial vehicles (UAVs) is a common complaint and a 
limiting factor in some of their applications. A series of experiments has been performed on UAVs 
which showed that the aerodynamic noise from the propellers is the dominant source of noise. 
However, under heavy loading, the UAV’s motors have a reasonable contribution to the total noise 
emitted. A test rig has been developed to contain the motor noise so to allow for the only 
propeller noise to be measured. Acoustic results of a UAV propeller without contamination from a 
motor have shown some interesting characteristics. The results from a series of experiments on 
UAV propellers will be presented and compared to numerical predictions. 

Wind Strength in Dust Devils 
N Hawkes, R Flay, J Cater 
Atmospheric buoyancy vortices – like dust-devils or waterspouts – will form when convection and 
swirl (horizontal air circulation) are combined. They concentrate through the interaction of swirl 
with the ground (the end-wall effect) and through stretching of air-parcels arising from a vertical 
gradient of vertical velocity in the vortex core.  

Small dust-devils are common in dry deserts. Rarely, much taller dust-devils will form. They have 
produced wind-speeds that lifted people many metres into the air.  

We are considering the conditions needed for a tall, powerful vortex to form. 

We suggest:- 

• The vortex core persists upwards while the core-air cools with height more slowly than 
the atmosphere it is rising through, which produces vertical acceleration and axial strain 
of the vortex core. This allows the height of vortex cores to be predicted from the height of 
the super-adiabatic layer. Above that height the core breaks down to a turbulent plume. 

• The wind-speeds at the base of the vortex arise from conversion of the Convectively 
Available Potential Energy available in the core (but not in the turbulent plume) into 
rotational kinetic energy in the core, at an efficiency proportional to the height of the core. 

Analysis of dust-devil data, collected by NASA in 1968 in the Mojave Desert, in preparation for the 
Mars probes, supports this model of dust-devil wind-speeds. 

An experiment is planned using a laboratory cabinet to manipulate the air temperatures around a 
vortex, to control vortex height and wind-speed and explore the interaction of the vortex with a 
wind-turbine. 

The eventual goal is to demonstrate the potential for electricity generation from an artificial 
buoyancy vortex fed from waste-heat existing in cooling water streams at thermal power stations. 
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Numerical Investigation on the optimization of the throat length of a ducted 
wind Turbine 
C S Kasinadhuni, R N Sharma, M Kingan 
Over recent decades, numerous studies have focussed on design and development of ducted 
wind turbines with the emphasis on performance enhancement in isolation. This work presents 
the methodology and the process for the numerical model development and analysis for 
optimization of the throat length of a ducted wind turbine system that includes a convergent 
nozzle or a concentrator at the entrance, a throat in the middle and a diffuser at the end. 
Computational Fluid dynamic (CFD) model of the duct was used to ascertain the effectiveness of 
geometrical modifications on the performance and wind loading. Initially, simulations with the 
existing throat length were performed and were validated by wind tunnel testing of the existing 
duct. Further, the throat lengths were varied in the numerical simulations and an optimized throat 
length was obtained. The results indicate that the duct with a throat of length to diameter ratio-
0.3 has given the best possible results for the given configuration of concentrator and diffuser in 
non-operating conditions. 

Numerical Study of a NACA0015 Circulation Control Aerofoil Using Synthetic 
Jets 
P Itsariyapinyo 
A circulation control aerofoil, as the name implies, is a kind of aerofoil which forces an air jet on 
the trailing edge to manipulate a circulation on the aerofoil. Conventionally, a circulation control 
aerofoil consists of an air plenum, orifice, and a rounded trailing edge. In its operation, 
compressed air is usually supplied from either an auxiliary compressor or a propulsive system. 
Through an orifice, a continuous stream of air jet is produced and entrained to the Coanda 
surface. Provided that additional momentum offered by an air jet is injected at the location near a 
separated shear layer on an aerofoil, a flow separation point could be altered according to the jet 
momentum. For instance, a high-momentum jet tends to remain attached on the Coanda surface 
for a longer angular distance. Thus, the reallocation of a flow separation point is likely to be 
determined by the jet detachment point which is where an air jet leaves the surface. 
Consequentially, the lift coefficient could be increased due to an improved circulation on an 
aerofoil. 

Although a circulation control aerofoil has substantially gained research attention due to its 
promising applications and successes in the past decades, its reliance on a continuous air jet may 
have not allowed it to fully interact with and exploit flow instabilities whose natures are those of 
periodical recurring phenomena. In the previous experimental study, a synthetic jet, which offers 
a successive series of suction and blowing, was introduced to a circulation control aerofoil to 
perform the same task as a continuous air jet. The performance of a synthetic jet was found to be 
satisfactory in such study. Nevertheless, much on the momentum coefficient is left to be 
investigated as the synthetic jet actuator used in the experiment could only offer a relatively low 
range of momentum coefficient. Therefore, a numerical study on the exact same aerofoil which 
focuses on the effects of momentum coefficient on the aerodynamic characteristics of a 
circulation control aerofoil will be presented in this paper. 
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Ice Mitigation Techniques for Wind Turbine Blades – Critical Review 
D Stanojevic   
Current trend in WT (Wind turbine) industry is the rapid increase in rotor diameter in order to 
boost the power output. Larger and greater WTs require higher capacity power electronics and 
improved grid support which is one of the limiting factors in future scaling up. Another way of 
increasing the power output is placing the WT in areas with denser air or at higher attitudes. The 
air at -30°C is 26.7% denser than at 35°C; wind speed increases 0.1 m/s per 100m for the first 
kilometre of elevation but also gets less dense. On the other hand, hostile weather conditions 
demand special equipment and additional maintenance in order to keep the turbine up and 
running in a reliable and safe manner. Having less dense air in combination with accumulated ice 
could lead to energy reduction of 55%. 

Power losses are just the tip of the iceberg. Measurement errors, mechanical and electrical 
failures, noise and safety hazard could occur as well if proper anti/de-icing systems are not 
installed. Anti-icing methods are used for prevention of ice accumulation but running 
continuously make them very low energy efficient. De-icing methods run on demand and are 
economical to use but ice-throw and runback water are major issues. Thermal methods, while 
being efficient, use a lot of additional energy and could cause lightning strikes which are very 
frequent in mounting sites. Nowadays, heating systems melt very thick layer or even all of the 
accumulated ice on the leading edge creating excessive amounts of water which refreezes 
towards the trailing edge – runback ice. 

Numerical Investigation of Low Reynolds number aerodynamics of Ice 
accreted airfoil 
N L Oo and R N Sharma 
A numerical analysis of the low Re aerodynamics of an ice accreted airfoil has been carried out 
using SST and LES numerical model. SST- transitional turbulence model gives the promising 
results for the clean airfoil at Re=2×10^5. However, presence of two separation bubbles, Ice-
induced (ISB) and laminar (LSB), were observed using LES, which were absent in the case of SST. 
Based on the presence of these separation bubbles, three different phases have been identified in 
the flow dynamic with the change in the angle of attack namely- pre-interaction, interaction and 
shedding phases. Formation of the two separation bubbles were observed only at the low airfoil 
angle of attack, whereas, the two separations are merged together and form a lager leading edge 
separation as the angle of attack is increased. Increasing the angle of attack further leads to 
increase the size of separation and reaches to the stage of total separation, premature stall. 

A simple model of silica colloid deposition in geothermal energy extraction 
systems 
S Chen, K Brown, M Jermy 
One of the critical technical limitations in the extraction of geothermal energy is the deposition of 
amorphous silica, via the formation and aggregation of nanoparticles due to a reduction in 
solubility as the fluid cools and water is lost as steam, i.e. silica scaling.  

Previously, it has been shown that amorphous silica deposition rate in the fractures which 
permeate geothermal aquifers can be reasonably predicted by the “Quasi-stationary method” or 
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“method of uniformly accessible surface” using the observed colloidal silica stability (Frank-
Kamenetskii 1969; Skvarla 2013; Chen et al. 2017), and considering only diffusional flux.  

However, the flux of silica particles to the fracture walls is also affected by external forces, such as 
London-von der Waals attractive and electrostatic repulsive forces, Saffman lift force, buoyancy, 
and gravity. 

The present model simulates the silica particle transport in geometrically simplified fractures 
underground in an Eulerian frame, systematically considering external forces on the silica 
nanoparticles. It attempts to replicate the observations of silica deposition (Carroll et al. 1998), 
and will be used to model deposition in the fracture networks of a simplified geothermal reservoir 
and predict the performance of potential scale-inhibiting methods.  

 

Fluid Mechanics 
Enhancement of Turbulence Intensity and Length Scale of a Passive 
Turbulence Grid with Flags 
N Kay 
An important aspect of testing with turbulent onset flow is the generation of turbulence with the 
desired qualities. Often, this encompasses the flow being homogeneous, isotropic and with the 
correct intensity and length scale. While the turbulence generated by a biplane grid can achieve 
homogeneity and isotropy at a distance downstream from the grid, this is usually at the expense 
of intensity due to turbulent decay. While these issues can be overcome with an active grid, the 
cost and development time for such a system can be prohibitive. 

An option for altering the grid in a passive manner was to attach flags to the grid. The intention 
was to use the flutter of the flags to impart longer length scales to the flow, reduce decay and 
improve mixing. Flags of two lengths were attached to the existing BLWT biplane grid in three 
different configurations and compared to the baseline plain grid. 

It was determined that there was no justifiable benefit in the configurations trialled. There is 
scope, however, for further work trialling other configurations. 

Numerical modelling and analysis of airflow arrangements in a compact wet 
air-to-air plate heat exchanger 
S Lowrey and Z Sun 
Air-to-air plate heat exchangers are widely used for domestic, industrial and commercial 
applications. The wide use of plate heat exchangers makes their control and optimisation critical 
for improving overall system performance. The application of compact plate heat exchangers has 
recently been demonstrated in domestic scale dehumidifier and heat pump clothes dryer systems 
as a passive energy recovery device. In this application, the plate heat exchanger can reduce the 
sensible load of moist air, and raises the drying efficiency of the system. However, latent cooling 
has also been demonstrated in this application and there is little information on air-to-air plate 
heat exchangers operating under latent operating conditions typical of domestic scale 
dehumidification and heat pump clothes drying. 
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In this work, a numerical, air-to-air plate heat exchanger model developed for the cross-flow 
configuration, was modified to investigate the counter-flow configuration in the two-phase flow 
condensation regime. This has allowed a comparison of important heat exchanger parameters 
between the two plate heat exchanger configurations including thermal effectiveness, pressure-
drop and condensation rate. This model was then integrated with a refrigerative dehumidifier 
model and the two plate heat exchanger configurations were examined for their contribution to 
increased drying efficiency.  

In this paper, we describe the numerical fluid dynamics model. We then present numerical results 
for a plate heat exchanger operating in the cross-flow and counter-flow configurations. 
Performance results are presented for a geared refrigerative dehumidifier operating with an 
energy recovery plate heat exchanger operating in the cross-flow and the counter-flow 
configurations. We finish with a presentation of work on the development of an improved plate 
heat exchanger model which solves gas- and liquid-phase energy, mass and momentum balance 
equations. This model provides for a quantitative approach when engineering emerging advanced 
domestic scale dehumidification and heat pump clothes drying systems. 

Numerical Investigation of the flow-field of Synthetic jet with sidewalls 
G Krishan, R N Sharma, K C Aw 
In the current study, three-dimensional numerical simulations(LES) were performed to investigate 
the influence of the sidewalls on the ensuing synthetic jet flow-field behaviour. The sidewalls were 
attached to the shorter side of the slot, extending along the streamwise direction of the jet to 
constrain the flow entrainment along the spanwise direction of the jet. The jet centreline velocity 
and turbulence characteristics (first order and second order) were examined and compared for 
both configuration i.e. synthetic jet with and without sidewalls under similar operating 
parameters. The flow-field of the synthetic jet is strongly affected by the presence of the 
sidewalls. The results suggest that the flow-field characteristics of the synthetic jet may be altered 
due to restricted flow entrainment from spanwise direction. 

Study of fluid dynamics through an UMGT 
R D'souza  
Miniaturization of portable electronic devices has led to research of an alternate power source, as 
the commonly used battery does not satisfy the energy demands of these portable devices. 
Therefore several leading universities have been researching an alternate power source, and the 
ultra-micro scale gas turbine (UMGT) seems to be the most attractive option. The objective of this 
study is to understand fluid and thermodynamic behavior through a 3 dimensional (D) blade 
profiled UMGT, whilst being subjected to an adiabatic and then an isothermal wall boundary 
condition, with and without the effects of tip clearance. Results show slight off design operation at 
the NGV and rotor due to the effects of a laminar separation bubble and a stagnation point, the 
effects of scraping flow are most pronounced at the forward half of the blade and thermal 
boundary layers severely penalize the NGV’s performance. A non-dimensional analysis is also 
presented of the losses through each turbo component, where isentropic efficiency is plotted as a 
function of specific speed, and this will serve as a basis for UMGT design engineers. 

Unsteady Flow of Yield Stress Materials 
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M Moyers 
In this talk, we present numerical results of an unsteady flow involving a viscoplastic material. 

We study laminar unsteady pipe flow of a Carbopol gel. Through the investigation of the solid-fluid 
transition of the material, we found a strong coupling between the irreversible deformation states 
and the wall slip phenomenon. In addition to this, the dependence of the slip velocity on the wall 
shear stress reveals a Navier-type behaviour only within the fluid regime, which corroborates that 
the wall slip phenomenon is directly coupled to the solid-fluid transition. 

Hydraulics 
Influence of large woody debris (LWD) on a river’s channel morphology in 
New Zealand: A hydraulic flume experiment 
G Spreitzer, H Friedrich, J Tunnicliffe 
New Zealand’s river systems and its management are affected by large quantities of woody 
debris. Large woody debris (LWD) finds its way into the river system from both, natural (e.g. mass 
wasting) and anthropogenic (forestry) sources. Due to the interaction of LWD with other biotic as 
well as abiotic material, it affects river morphology, hydraulics and ecosystem, all having to be 
accounted for in today’s river management plans. Especially critical cross-sections such as 
bridges, culverts and weirs but also natural obstructions like large living vegetation, boulders or 
gorges are susceptible locations for LWD blockages and subsequent changes in channel 
morphology. We study LWD experimentally, to gain a better understanding of the effect of LWD 
on bedload material. We introduce the scaled model that is put in place in a 6 m long, 1.5 m wide 
and 1 m high flume in the Water Engineering Laboratory at the University of Auckland. The flume 
has a slope of 0.02 and a design discharge of 75 l·s-1. Under the consideration of live-bed 
conditions the influence of LWD accumulations on channel morphology are investigated using 
Structure from Motion (SfM). The results will be used to inform freshwater and forestry 
management, as well as design standards for river crossing infrastructure. 

Effects of flow depth scaling on local scour at submerged weir 
L Wang 
Submerged weirs are conventionally used for grading and water level control in rivers, their 
existences can change the flow pattern and cause local scour, leading to structural damages or 
failures. As most scour-depth predictors were based on the experimental results in laboratorial 
flumes with small scale compared with natural rivers, to study the scale effect can improve the 
practicability of flume-data-based predictors for local scour depth at submerged weirs. 

Through a quasi-2D similitude consideration, the similitude requirements for modelling the local 
scour at a submerged weir are identified as dimensionless velocity U0/Uc, dimensionless weir 
height z/ht, sand coarseness d50/ht and overflow Froude number U0/(ght)0.5 (U0/Uc, z/ht, 
d50/ht for upstream scour depth and U0/Uc, z/ht, U0/(ght)0.5 for downstream scour depth, 
where U0/(ght)0.5 can be replaced by Uc/(ght)0.5). 42 experiments were conducted using two 
uniform sands in a sand-recirculating flume, investigating the quantitative effects of flow depth 
scaling (d50/ht and Uc/(ght)0.5) on the local scour depth. Three flow depths ht were tested using 
coarse sand (d50 =0.85 mm) and two flow depths were tested using fine sand (d50 = 0.26 mm). 
For each test, the ratio of weir height to flow depth z/ht were controlled at 0.2. For live-bed scour, 
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when the similitude of U0/Uc and z/ht are maintained, the normalized average upstream scour 
depth by flow depth dus_a/ht decreases with decreasing d50/ht (increasing flow depth) for both 
sands. The dimensional upstream scour depth of fine sand and coarse sand is independent of and 
dependent on the flow depth, respectively. When the similitude of U0/Uc and z/ht are 
maintained, the normalized average downstream scour depth by flow depth ds_a/ht increases 
with increasing Uc/(ght)0.5 (decreasing flow depth). However, the trend of live-bed downstream 
scour depth against velocity is different for fine sand and coarse sand due to the differences in 
settling velocity and volumetric bedload rate.  

Sediment-driven gravity currents modelled with LES 
J Pelmard, H Friedrich and S Norris 
Large Eddy Simulation (LES) is suited well to study the inner dynamics of underwater sediment-
driven flows, which otherwise relies on intrusive experimental setups. Using a gravity-buoyant 
Boussinesq based computational code, this study focuses on the propagation of a suspended 
sediment current released in a 3D channel. According to the literature, the front starts 
propagating at a constant velocity (slumping phase) before decreasing as t-1/3 (buoyant-inertial 
phase). Applying this for our work, we show that the typical Kelvin Helmholtz billows at the top 
current/fluid interface and lobe/cleft instabilities at the front are well simulated in our results. We 
specifically present work on the highly 3D nature of the turbulence inside the current’s head. 

High-speed imaging to visualize and quantify sediment transport over a dune 
bed 
R C T van Scheltinga, H Friedrich, G Coco 
The study of rivers is not just about water, rather it is a study of the channels. In alluvial rivers the 
channel is formed in loose sediment and is therefore subject to change by the stress the water 
flow opposes on the channel bed and bank. Our research aims at better understanding the 
resulting shear causing sand to be entrained, and redistributed. More specifically, the study is on 
the emergence and dynamics of sand dune patterns on a river bed. We use (high-speed) imaging 
to visualize and quantify the transport of the sand over the dune bed. First results measure the 
linear increase in mean particle velocity resulting from accelerating flow induced by flow 
conversion over a dune slope.  

Quantitative analysis of eight videos about underwater volcanic eruptions in 
laboratory-scale 
Y Shen, C Whittaker 
Submarine volcanic eruptions are one kind of universal phenomenon in nature. Verolino, White et 
al. (2018) simulated this phenomenon in laboratory by using wet particles jetting into water, dry 
particles jetting into water, and dry particles jetting into air. Based on their eight published videos, 
I digitized the videos and extracted the eruption boundaries in every frame by MATLAB. The 
quantitative results showed that experiments were more repeatable in the vertical direction than 
in the horizontal direction. As expected, the eruptive and expanding velocities of subaerial jets 
were much faster than the velocities of subaqueous jet. The jet with fine volcanic ash or initial wet 
particles also expanded more rapidly than the jet with course pumiceous ash or dry particles, 
respectively. In the jetting with initial dry particles and coarse pumiceous particles, there was a 
clearly turning point in its front movement path, which showed a regime change from jetting to 
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bubbling. After this turning point, the velocity of jet in vertical direction slowed down and the jet 
expanded rapidly in the horizontal direction. The jet with high initial pressure expanded more 
rapidly than the jet with low initial pressure in horizontal direction. The ranking of the velocities in 
all the experiments from largest to the smallest is: eruption front, first plume, first necking, 
second plume, and second necking. The diameter of the first plume was always larger than the 
second one in one experiment. The presentation will also include a discussion of proposed future 
experiments on this topic. 

The role of defects on the hysteresis of wave-generated ripples 
C Jin, G Coco, R O Tinoco, E B Goldstein and H Friedrich 
Hysteresis is the term describing the lag between the change in external forcing conditions and 
the time it takes for bedforms to adjust to such change. Hysteresis is often observed in field and 
laboratory experiments of wave generated ripples but the physical mechanisms behind such 
behavior are not well studied and, as a result, changes in bedform geometry remain hard to 
predict. New laboratory experiments have been carried out to explore the hysteresis of ripples. 
Results indicate that hysteresis is not only determined by the characteristics of change in the 
wave forcing but also by the (pre-)existing bedform configuration and specifically by the density 
of defects (irregularities in bedform crests). Higher defect density results in shorter hysteresis 
when wave forcing increases. In contrast, higher defect density retards the shortening of ripple 
wavelength when wave forcing decreases.  Laboratory experiments will be presented and 
discussed. 

 

Microfluidics 
A continuum model for cell-cell hydrodynamic interaction of model 
microorganisms 
M Gravatt, A Clark, V Suresh, R Clarke 
Understanding the behaviour of a suspension of microorganisms swimming in a fluid environment 
has a range of industrial applications from improving cell health in bioreactors for food 
production to efficient production of biofuels. Active suspensions of microorganisms display 
interesting collective dynamics on a macroscale despite only existing on the microscale. The 
mechanism behind this dynamical behaviour is not fully understood and is likely to be a 
combination of a multiple mechanisms. These range from cell-cell collisions to physiological and 
chemical based behaviour to cell-cell hydrodynamic interactions. We are specifically interested in 
the latter and the collective dynamics it induces. 

Hydrodynamic interaction is the interaction between cells based on fluid movement that is 
generated when cells swim in their environment. It has previously been shown that large scale 
collective dynamics can exist purely from hydrodynamics in discrete models (where each 
organism in the system is considered). In general, these models are computationally expensive 
and therefore struggle to fully represent macroscale dynamics. 

We have developed a new way of capturing cell-cell hydrodynamic interactions in continuum 
models for active suspensions. Continuum models look at concentration and average orientation 
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of cells over a much larger domain than discrete models can consider. This allows us to gain 
insight to the macroscale collective dynamics that occur due to these interactions. 

We have performed a linear stability analysis on a suspension of gyrotactic microorganisms and 
seen a new instability that is caused by hydrodynamic interaction of cells. This instability agrees 
with the notion proposed by the literature that pullers (head-actuated microorganisms such as 
algae) are stabilising to perturbations imposed on the system and pushers (tail actuated 
microorganisms such as spermatozoa and bacteria) are destabilising. 

The rolling and slipping of droplets on superhydrophobic surfaces 
A Smith 
The leaves of many plants are superhydrophobic, a property that may have evolved to clean the 
leaves by encouraging water droplets to bead up and roll off. Superhydrophobic surfaces can also 
exhibit reduced friction and liquids flowing over such surfaces have been found to slip in apparent 
violations of the classical no-slip boundary condition. Here we introduce slip into a model for 
rolling droplets on superhydrophobic surfaces and investigate under what conditions slip might 
be important for the steady state motion. In particular, we examine three limiting cases where 
dissipation in the rolling droplet is dominated by viscous dissipation, surface friction, or contact 
line friction. We find that in molecular dynamics simulations of droplets on ideal 
superhydrophobic surfaces with large effective slip lengths, contact line dissipation dominates 
droplet motion. However, on real leaves, droplet motion is likely to be dominated by viscous 
shear, and slip, for the most part, can be neglected. 

High-Speed Dynamics of Magnetic Fluid Droplets, Falling and Splashing in a 
Non-Uniform Magnetic Field. 
F S Wells 
The evolution of the shape of magnetic fluid (ferrofluid) droplets was examined using high-speed 
photography, both during falling motion in a downward-increasing magnetic field, and after an 
impact with a flat surface.Ferrofluid droplets tend to elongate along the magnetic field direction. 
In this non-uniform field, elongation was seen to occur asymmetrically, with a spike forming in the 
direction of increasing field as the droplet moved downward. 

After impact, the ferrofluid underwent a dynamic transition from splash-like behaviour toward the 
formation of peaks and troughs (as seen for static ferrofluid in a magnetic field). The shape of the 
final distribution was strongly dependent on impact velocity and field. For higher impact velocities 
and fields, radial “streaks” of fluid were observed and characterised. 

Droplet Collisions, Impacts, and Inkjet Printing         
J Stringer 
Inkjet Printing, the on-demand deposition of material-laden microdroplets onto a surface, is an 
actively researched manufacturing technique for applications beyond its common graphical use; 
examples including printed electronics, 3D printing and tissue engineering scaffolds. Due to the 
nature of the droplet generation process, there is a fundamental viscosity limit placed upon the 
ink that limits the eventual amount of solid material deposited and can lead to complex non-
Newtonian rheology to achieve stable droplets. An understanding of the interplay between fluid 
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rheology, droplet kinetic energy, surface wetting and phase change is critical in determining and 
predicting the successful outcome of deposition.  

In this presentation, results of sequential neighbouring droplet impacts of similar impact Re and 
We are compared to results obtained with inkjet printed droplets to better understand the 
outcome of such collisions. The droplets are found to either stably coalesce or produce a 
splashing instability, depending upon the impact conditions of the experiment. Work is also 
presented of mid-air collisions of droplets, and the use of which to deposit a set of reactants is 
demonstrated. Such a method presents itself as a means of depositing greater amounts of solid 
material, thereby increasing the utility of inkjet printing as a manufacturing technique. 

The Chargeability of Spray Drops in Electrostatic Agricultural Sprays 
S Post 
The chargeability of liquid sprays is an important factor in determining the deposition efficiency of 
electrostatic pesticide sprays. The Rayleigh limit provides information on the maximum amount of 
charge a spray drop can carry as a function of droplet size. This paper reviews the literature to 
determine what fraction of the Rayleigh limit is achievable. Typically less than 10% of the Rayleigh 
limit charge is obtained. The drop charge per unit mass decreases with increasing drop size and 
liquid flow rate. A correlation equation is derived from published data to predict spray drop 
charge from drop size and flow rate. 

Fluid flow and heat transfer of liquid-liquid two phase flow in microchannel 
A Abdollahi, R Sharma, S Norris 
The fluid flow and heat transfer behavior of liquid–liquid two phase flows have led to significant 
improvements to the heat transfer rates in microchannels. This study will focus on the effect of a 
number of parameters such as film thickness, capillary number, and flow geometry on 
hydrodynamic and thermal behavior of microchannels using liquid-liquid two phase flow. 
Therefore, it is planned to run CFD simulations in order to extend the understanding of liquid-
liquid two phase flows and heat transfer processes, and prove this with experimental results. The 
present study can help in the design and development of the next generation of microchannel 
heat sinks. 

Interfacial phenomena in multiphase flows  
E Nowak  
Applications of multiphase and micro-scale flows in a presence of surface active substances (e.g. 
impurities by accident or proteins, surfactants added on purpose) has dragged attention from the 
bulk fluid behaviour towards interfacial phenomena. This talk focuses on the effect of surfactants 
on the coalescence and breakage of liquid filaments.  

Liquid breakage (from a nozzle or in microfluidic channel) is well-known to be affected by the 
presence of surface active species. However, how the breakage may be affected by the surfactant 
concentration and/or activity is far less clear and the importance of dynamic surface/interfacial 
tension will be presented.  

Flow accompanying coalescence of drops from the moment of contact, and in particular drops 
having different interfacial tensions, has received little attention in the literature. Presented 
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experimental and numerical studies provide a thorough insight in the bulk and interfacial fluid 
flows accompanying aqueous drops coalescence having different composition.   

Estimating Droplet Capture on Fibers (Poster Presentation) 
S Hussein, P Martinsen, S Bradley, G Willmott  
Textile fabrication, fog harvesters, and agricultural sprays all involve the impact of drops with 
cylindrical fibers of comparable length scale. Most sprays and mists consist of a polydisperse 
droplet diameter and velocity distribution, and successful capture of a drop depends on both 
those parameters. Since most spray applications do not incorporate precision targeting of 
individual fibers, the ballistics governing impact have inherent randomness. Simulations of spray 
delivery to a two-dimensional fiber array were conducted using established models from drop 
impact studies in literature, combined with probabilistic droplet trajectories based on empirical 
spray data. Different types of droplet delivery were compared based on the proportion of 
delivered drops being captured. From these results, a criterion for spray selection based on 
substrate geometry, substrate material properties, and spray characteristics is presented. 

Controlling droplet spread direction with surface patterning 
M Broom and G R Willmott 
Liquid droplets impacting hard smooth surfaces at low Weber numbers tend to form symmetric 
(circular) spreading patterns, but many practical surfaces are not smooth. This presentation looks 
at how the roughness of a surface can affect the spreading dynamics of impacting droplets.  

Looking to nature for inspiration, pillars are often used to produce superhydrophobic surfaces. 
When placed in an array they act as a method for controlling surface roughness. These surfaces 
can be created using soft lithography in PDMS, a commonly used polymer in microfluidics. The 
use of high speed photography allows for the study of dynamics to 0.1 ms precision [1].  Custom 
video processing techniques allow for full reconstruction of spreading dynamics.  

The main focus of this study is the ability to switch the preferred axis of jetting from on-axis (with 
respect to the array) to 45 degrees off-axis by the tuning of pillar spacing. A link between the 
impact region state and the evolution of fingers is presented, with particular emphasis on the 
importance of a meta-stable or unstable Cassie-Baxter wetting regime. Comparisons to prior 
work in which finger formation is attributed to gas flow are given [2]. 

1. Robson, S. and G.R. Willmott, Asymmetries in the spread of drops impacting on hydrophobic micropillar arrays. Soft Matter, 2016. 

12(21): p. 4853-4865. 

2. Tsai, P.C., et al., Microscopic structure influencing macroscopic splash at high Weber number. Soft Matter, 2011. 7(24): p. 11325-11333. 

 

Ocean Energy and Engineering 
Locally-resonant wave energy converter 
F Montiel and B Wilks 
We propose a new concept of wave energy converter (WEC), consisting of a hollow rigid cylinder 
extending throughout the ocean water column, and which is partially slitted along its vertical 
dimension. The small opening between the interior and exterior fluid domains allows for 
resonances to be excited in the cavity. Such a resonance behaviour is known as the Helmholtz 
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resonance in Acoustics. We formulate a linear wave scattering problem to describe the response 
of the device to an arbitrary incident wave field. The idealised circular geometry of the device 
allows to devise a semi-analytical solution technique for the scattering problem, based on the 
integral equation/Galerkin method. We perform efficient computations of the performance of the 
device for a large range of incident wave conditions and cylinder geometries. As predicted, a large 
resonance is excited in the cavity of the WEC for a wavelength one order of magnitude larger than 
the cylinder radius. 

Tidal Resources Assessment using Numerical Simulations 
A Harang, R Vennell, M Gerritsen, M Smeaton 
For tidal power to actually take a part in the future share of energy, large power potential such as 
the one of Cook Strait, NZ, will need to be realized. For such Giga-Watt potential, large tidal farms 
containing hundreds of Mega-Watt devices will be created. This project aimed to better 
understand the energy production of large tidal farms. As these large farms modify the potential 
of the channel, the optimum production depends non-linearly of the number of devices installed. 
Relations between the number of turbines and the optimum production have been initially 
explored using ideal one-dimensional channels. The aim of this study is to complement these 
relations for more realistic farms and channel configurations using 2D shallow-water simulations. 
A numerical model of a channel has been created, implemented with a sub-grid model to 
represent rows of tidal turbines. As the objective is to obtain the optimum farm design associated 
to the optimum power production, a large range of parameters has to be explored; such as the 
number of devices by rows, the number of rows, the turbines properties or the positions of the 
rows, for different configurations. A framework has been design to explore and find the optimum 
value given a minimal simulation time. 

Theoretical and experimental investigation on the linear estimated error of 
wave force by using wave elevation data 
J Liu, A Guo, H Li 
This paper investigates the linear estimated error of wave force around a circular cylinder by using 
measured wave elevation data with both theoretical and experimental methods. Since the 
accuracy of estimated results is directly dependent on the wave elevation collecting at several 
sites, some unexpected error can be introduced into the results as the collecting data is not 
enough. A mathematical analysis is performed first, which considers the cases for wave gauges 
uniformly distributed around the cylinder with the number of three, five, seven and nine. The error 
function of wave force is established to investigate the effect of distribution and number of wave 
gauges. An experiment was conducted to validate the theoretical results for both amplitude and 
phase errors, which obtained from experimental data with three wave gauges can be well 
predicted by using theoretical analysis. Basing on the theoretical results, an amended method is 
proposed to improve the estimation results with three wave gauges, and it is proved by the test 
data to be an efficient method.  

Laboratory experiments on edge wave excitation 
X Ding, B Blanco, P Blondeaux, R Dalrymple, P Lomonaco, G Vittori, C Whittaker, Z Wei , R Garnier, 
R T Guza , G Coco  
Edge waves are infragravity waves propagating along the coast and their formation is the result of 
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nonlinear interactions between incoming waves propagating towards sloping beaches. The 
excitation mechanism of edge waves under monochromatic incoming waves on steep beaches 
has been well-described in previous theoretical and laboratory studies. However, in these studies 
incoming waves were mostly assumed to be monochromatic, while the frequency and directional 
spread of the real coastal wave fields has not been considered in previous laboratory or analytical 
studies. 

Here a wavenumber approach is proposed to analyze measurements of edge wave formation 
during a series of laboratory experiments. The laboratory experiments simulated edge wave 
excitation for both monochromatic and random incoming waves of different frequency and 
directional spread. Edge wave excitation was found to change from continuous to intermittent 
when the incoming waves were set as random waves. Also, no edge wave developed when the 
frequency and directional spectrum of the incoming waves was large. The wavenumber approach 
was conducted with the high-resolution data measured simultaneously by fifteen runup wires 
over the beach during the experiments. The results highlighted the intermittent excitation of 
random edge waves with frequency or direction spread. 

 

Naval Architecture 
Quantifying the performance of boats and propellers  
L Le-Ngoc, A Caughley, M W Jones, R McKinlay 
Oceanmax is a NZ company that is dedicated to developing marine products that increase 
efficiency, reduce cost and are kind to the environment, has developed a hydrophobic coating 
system for propellers and running gear.  There is anecdotal evidence of the benefit of 
hydrophobic coating such as fuel saving, speed increases, less marine growth. However, the lack 
of scientific evidence and data is limiting the company to expand into the large/commercial boat 
markets where engineers need to rationalise cost-benefits. Due to the large number of variables 
this has been very difficult to quantify and required considerable experimental design to negate 
the effects of these external parameters. 

We have identified three possible strategies to quantify the benefit of the coating:  

• Real environment (boat trials) 
• Controlled laboratory environment (water tunnel, cavitation tunnel) 
• Numerical simulation (CFD, hydrodynamics simulation of propellers) 

This presentation will outline the work to-date on the three methods. 

We have conducted two speed and power performance trials for a 32ft Sedan Launch wooden 
boat and a 45ft Riviera flybridge yacht. The experiments were guided by the work of Molland 
(2011) and ISO-15016 (2015).  Some of the instrumentation was developed in-house using modern 
low-cost, low-power embedded microprocessors, and the software was developed with Python 
and its scientific packages on Embedded Linux OS, and MicroPython.  We will present the 
experimental, analyses and results of the study to date. 
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For the controlled laboratory experiments, a closed-circuit water tunnel capable of testing 
propellers up to 150mm diameter, with a maximum water speed of 4 m/s has been designed and 
built in Christchurch.  We will update on the progress of the water tunnel facility. 

For the numerical simulation, a 3D computer model of a propeller similar to the first boat trial was 
produced. ANSYS CFX was used to analyse thrust and shaft power at the same test conditions.  
Results with no-slip and free-slip wall conditions on the propeller blades were compared. The 
model has since been refined and applied to other boats demonstrating a potential technique to 
predict the benefit of hydrophobic coating on propellers and running gear of large commercial 
boat markets. 

Efficient simulation of fluid-structure interaction for 3D water impact 
scenarios 
M Battley 
Modelling of Fluid-Structure Interaction (FSI) for water impact of structures needs to include free-
surface flow behaviour, coupling between the structural deformations and the fluid dynamics, and 
often complex transient structural responses and failure mechanics.  Numerical simulation 
methods which can be utilised to simulate FSI include FEA approaches such as Coupled Eulerian-
Lagrangian Analysis (CEL), Smoothed Particle Hydrodynamics (SPH), sometimes combined with 
FEA, and classical Finite Volume CFD solvers coupled with implicit FEA. These techniques are all 
typically very computationally expensive. This is primarily due to the very fine discretisation and 
small time-steps required to capture the temporal and spatial details of the fluid behaviour, and 
the complexity of the contact interactions. This has led to many FSI studies being undertaken on 
2D situations, which are unable to capture realistic 3D effects for both the fluid and structure.  

This presentation focuses on how a 3D water impact scenario can be most efficiently modelled 
using the CEL FEA approach through a case study of water impact of a high-speed coastal patrol 
boat. The mesh density required in order to accurately capture the dynamic responses of the hull 
structure to the hydrodynamic loads was investigated. Results showed that while the maximum 
pressure is very sensitive to the fluid element size, the maximum force, strain and deflection are 
not, enabling a much coarser mesh to be used in situations when the structural responses are the 
primary outputs required. 3D models were developed to simulate the vessel water impact onto 
flat water and waves at a range of velocities and angles. Laboratory based validation testing on a 
scale model of the actual vessel demonstrated excellent correlation with the numerical 
predictions. The application of these techniques to the simulation of wave impact on coastal 
structures will also be discussed. 

 

Solar Energy & Ventilation 
An Analysis of Solar Central Receiver Heliostats 
S Fadlallah, T Anderson and R Nates 
 The widespread implementation of central tower concentrating solar power (CSP) systems is 
limited by cost. Heliostats contribute almost 50% to the plant’s cost and are thus the most 
significant capital element in central tower CSP systems. A promising opportunity arises for 
reducing the cost of heliostats is by reducing the mirror support structure’s total weight and thus 
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the cost of the drive system. Given the fact that sandwich composites with their lightweight and 
high flexural stiffness have been widely employed over the past decades in many applications this 
work investigated the suitability of the use of these materials as the structure for heliostat mirror. 
For this work, computational fluid dynamics (CFD) simulations were used to examine the 
structural behaviour of the heliostat’s composite structure under wind-loaded conditions. The 
results will inform the development of sandwich composites for stiff lightweight heliostat support 
structures that can withstand severe environmental conditions. 

Numerical Study of the Impact of Rooftop Panels on Pedestrian Comfort 
PP Pancholy, P Geoghegan, M Jermy, M Moyers-Gonzalez, PL Wilson 
A three-dimensional numerical study using the steady Reynolds-Averaged Navier-Stokes (RANS) 
approach of computational fluid dynamics (CFD) has been performed in ANSYS to analyse the 
flow pattern and pedestrian comfort inside a street canyon, and the impact of addition deflector 
panels on the building roof. Key parameters considered for this study include; angle of the panel 
and location of the panel.  The street canyon is typical of streets between medium-rise buildings 
in cities. The urban setting creates a particular power law wind flow velocity profile for the street 
canyon lying deep within the atmospheric boundary layer. Based on the building height and free 
stream velocity, our Reynolds number is 1.1x10^7, and the wind approaches perpendicular to the 
street canyon. Validation for a single building has been performed by comparison with previous 
wind tunnel measurements for two reduced scale models. The results show that adding panel at 
the leading edge of the upstream building roof at an angle of 45°and at the trailing edge of the 
upstream building roof at angles of 45° and 60°, modifies the flow structure in a way that 
noticeably improves the wind comfort at a pedestrian height.  

The Effect of Onset Turbulence Flows on Natural Ventilation Using Wind 
Catchers 
A Zaki 
Energy consumption rates in buildings worldwide have been increasing significantly. Therefore, 
natural ventilation is highlighted for supplying free and fresh air into buildings. Wind catchers are 
considered one of the oldest natural ventilation systems. They supply fresh air into occupied 
spaces by catching it at high altitudes and allowing it to cross ventilate the room. During the past 
three decades several studies were conducted to revive and re-use the wind catcher systems 
regarding thermal comfort standards. However, almost no studies considered the wind 
engineering perspective where the surrounding flows and ABL effects can influence the ventilation 
process. Furthermore, modern wind catchers are more sensitive to the external flows compared 
to the ancient ones due to its cheap construction and different material. The objective of this 
study is to combine two different perspectives; HVAC and wind engineering to reach some criteria 
for the optimum use of modern wind catchers in ventilating spaces. Furthermore, a new design is 
considered and will be compared with a traditional structure. 

Influence of wind on indoor convective floor heat transfer of single-sided 
naturally ventilated cubical enclosures 
M K Pokhrel, T N Anderson and T T Lie   
Single-sided natural ventilation is widely used in both residential and commercial buildings. 
However, the resulting bi-directional airflow mechanism is complex due to the involvement of a 
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pulsating flow resulting from both the buoyancy and wind driving forces along with wind 
turbulence and turbulence created at the opening. In addition, the wind effect might be 
reinforcing or restricting the buoyancy-driven natural ventilation.  

In spite of this, the consequence of these numerous effects on indoor flow-fields and particularly 
convective heat transfer on indoor floor surface needs further examination. Earlier studies on a 
buoyancy-driven flow in a single-sided partly opened cubical enclosure, demonstrated that heat 
transfer of the floor was strongly influenced by the Rayleigh number (Ra) and the Window 
Opening Fraction (WOF). In an attempt to understand the influence of outdoor wind speed, this 
work utilized Computational Fluid Dynamics (CFD) for numerically examining single-sided partly 
opened air-filled cubical enclosure of 2.4 m height. The result indicated that both the indoor flow-
fields and heat transfer on the floor are strongly influenced by the different level of outside wind 
conditions.   

As such, there is a significant scope of lowering the uncertainty of floor heat transfer estimation of 
naturally ventilated buildings by including the effect of varying outdoor wind conditions in the 
existing empirical correlations.  

Effect of wind on multiple short natural draft dry cooling towers 
M Khamooshi, T N Anderson and R J Nates 
The deployment of concentrating solar thermal power (CSP) plants in arid areas necessitate the 
use of dry cooling systems to reject heat from the condenser. By expanding CSP plants, additional 
cooling towers are needed to increase the cooling capacity of the plant and hence the layout of 
multiple cooling towers could influence the thermo-flow characteristics of these NDDCTs. 
Previous research has shown that the capacity of short natural draft dry cooling towers (NDDCTs), 
as a condenser for CSP plants, can be significantly influenced by the wind. The aim of this study is 
to investigate the effect of wind on the thermo-flow performance of multiple natural draft dry 
cooling towers (NDDCTs). In this respect, CFD modelling has been carried out to numerically 
analyse the performance of two short NDDCTs at different tower spacing (10m, 20m, and 40m), 
crosswind velocities (0-8 m/s), and attack angles (0°, 45°, and 90°). In addition, wind tunnel 
analysis testing was performed on 1:150 scale models regarding the aerodynamic characteristics 
of multiple towers to validate the simulation results. The results show that the performance of 
towers in 0° wind attack angle is superior to those in other angles. The results suggest that both 
towers act as individual towers when the wind is blowing at 90° attack angle. In this layout, the 
towers do not interact with each other and there is not any sheltering effect between the towers. 
The findings of this study are essential for the layout installation of multiple short NDDCTs with 
respect to the most frequent direction of the crosswind in a specific location. 

 

Experimental Techniques 
A Low-cost and Simple Particle Image Velocimetry System 
R Enayatollahi, T Anderson 
Particle image velocimetry (PIV) is a quantitative flow visualization technique where a series of 
images of neutrally buoyant particles in a moving fluid, illuminated using a laser beam, are 
captured. Taking into account the time interval between the images, the direction and magnitude 
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of the particle’s (and hence the fluids) velocity can be determined. Industrial and research PIV 
system can be very expensive and complex hence, this study is aimed to demonstrate a simple, 
low-cost and mobile PIV system that can be used broadly by researchers. The main components 
of any PIV system are the laser and the camera; for the current study the built-in camera of an 
“iPhone 7 plus” was used to capture images of particles illuminated by a green laser pointer (Nova 
X-100). PIVLab, a free open source software extension of Matlab, was used to analyse the 
captured images.  

In order to demonstrate the PIV system, a simple natural convection experiment, consisting of a 
horizontal 400-W cylindrical electric heater placed at the bottom of a 60-litre water tank was 
undertaken. With the heater operational, a buoyant plume was generated thus carrying the 
particles that were illuminated by the laser pointer. From this experiment a series of images were 
captured using the iPhone’s “burst” mode and then uploaded into PIVLab software for flow 
analysis. Based on these, the magnitude and direction of the velocity of the particles above the 
heater were determined and the mean velocity vector field was expressed. The results of the 
experiment demonstrate that a simple, low-cost PIV system based on mobile phone technology is 
a viable proposition, particularly for analysing low speed flows such as those encountered in 
natural convection. 

Stereo-PIV measurement of aortic arch hemodynamics in rigid and 
compliant phantoms 
S G Yazdi, P Docherty, M Jermy, P Geoghegan 
Cardiovascular diseases (CVDs) cause 33% of deaths annually in New Zealand. Every 90 minutes a 
New Zealander dies from heart diseases. A better understanding of hemodynamics can help 
detecting the cause of CVDs and improving therapeutic procedure. The hemodynamics of the 
aortic arch are still not fully understood. In addition, some designs of vascular implants which 
place excessive stress on the arterial wall. In-vitro analysis has been used frequently to model 
hemodynamic states. However, the results of these studies were limited by the assumption that 
the walls are rigid, or inaccurate representation of wall motion. In this study, rigid and compliant 
silicone models of a generic aortic arch with brachiocephalic branch were fabricated. Additive 
manufacturing along with lost-core casting were used for phantom construction. The compliant 
phantom had an average wall thickness of 1.064±0.08 mm. Stereoscopic particle image 
velocimetry was used for investigation of the flow field in phantoms. A low velocity region was 
observed in the brachiocephalic branch, with implications for wall shear stress and the health of 
the arterial wall. This low velocity region switches to the opposite wall as the flow rate increases in 
the rigid phantom. In the compliant phantom, this low-velocity region is reduced in size and does 
not appear to switch walls as the flow rate changes. The magnitude of the peak velocity was lower 
in the compliant phantom compared with rigid model. A rigid wall boundary condition leads to 
incorrect identification of flow features which are clinically important to arterial health. 

Modelling the Endothelial Glycocalyx Layer in the Microcirculation using 
Homogenisation 
T C Lee, R Clarke, D Long, V Suresh 
The Endothelial Glycocalyx Layer (EGL) is a porous macromolecular layer that lines the insides of 
blood vessels. It is located on the important interface between the endothelium and flowing blood 
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and as such is believed to play a number of important roles including transducing mechanical 
signals from flowing blood and regulating vessel permeability. Previous work modelling the EGL at 
the continuum level has typically assumed that it is a homogenous isotropic porous media and 
that if deformable; it does so as a linear-elastic block. In this work, we use homogenisation theory 
to derive a more sophisticated model of the EGL that takes into account what is known about the 
underlying periodic microstructure of the EGL.  

Homogenisation theory is a method of multiple scales that allows us to exploit the periodicity in 
the problem as well as the much smaller length scale over which this periodicity exists. This 
allows us to derive both an overall continuum level model of the EGL that takes into account this 
microstructure while still retaining a lower level model for the flow around the microstructure.  

This more sophisticated model allows us to investigate the effects of anisotropy in the model at 
the continuum level as endowed by the geometry of its microstructure. In addition, the underlying 
microstructural model allows us to obtain measures such as the solid shear stress experienced on 
the endothelium and the torque induced by flow over the EGL that cannot be directly obtained 
from previous continuum level models and is an important measure for functions such as 
mechanotransduction. 
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