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SET2022: Istanbul, Turkey - Call for Papers
SET 2022 will take place in Istanbul, Turkey, on the 16-18 August 2022.
Every year since 2002, we have looked forward to SET conference. We look
forward to the presentations, discussions, meetings and catching up with
friends and colleagues from around the world. Unfortunately, the global
outbreak of the coronavirus (COVID-19) meant that we had to cancel SET2020
last year and this year we have made another very difficult decision to
postpone SET conference to August 2022.
SET2022 will be a multidisciplinary, peer-reviewed international conference
on sustainable energy sources and technologies providing a forum for the
exchange of latest technical information, dissemination of high-quality
research results, presentation of new developments in the area, and debate
and shaping of future directions and priorities for sustainable development
and energy security.
The website is live and more information about the conference can be found
at https://set2022.org/. Topics will be wide ranging within the broad scope of
Energy Technology and Renewables; Energy Storage and Conversion; Low
Carbon Buildings, Architecture and Sustainable Cities; and Policies and
Management. Abstracts can be submitted on EasyChair through
https://set2022.org/submissions/. Thank you for your support and
participation and we look forward to seeing you in person at SET2022.
Deadline Date

Action

Monday 28 March 2022 One Page Abstract Submission
Monday 30 May 2022

Full Manuscript Submission

Monday 13 June 2022

Deadline for ‘Early Bird’ registration

Friday 1 July 2022

Submission of Revised Accepted Papers

Monday 1 August 2022

Registration & payment deadline for paper & poster
presentation and conference attendance

Monday 8 August 2022

Registration and payment deadline for nonpresenting attendance

On-line WSSET Lectures
The popular series of online WSSET lectures has been suspended for the summer but will recommence
on Wednesday 22 September 2021 with Dr. Chi-Hwa Wang, Professor of Chemical and Biomolecular
Engineering at the National University of Singapore, speaking on Conversion of waste to energy and
resource.
He will be followed by Professor Stuart Green from the University of Reading, who is Director and
Principal Investigator of the Innovative Construction Research Centre (ICRC) and Head of the School of
Construction Management and Engineering discussing the contested privileging of zero carbon:
plausibility, persuasiveness and professionalism.

www.set2020.org
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Innovative self-sterilising
Wearing face masks has been widely recommended by
many governments to slow the spread of COVID-19, yet
desiccant mask (SterilMask)
disposable masks raise an impending threat to nature,
Professor Saffa Riffat
University of Nottingham, Nottingham, NG7 2RD, UK
Transmission of COVID-19 occurs through direct,
indirect, or close contact with infected people through
infected secretions or their respiratory droplets.
Evidence suggests that face masks can contribute to
reducing transmission of COVID-19.
Common disposable face masks allow small particles or
fog to pass the fabrics and filters, making continuous
sterilisation impossible for safe reuse. Face masks could
become contaminated during usage and if not properly
used or handled, results in a contamination risk.
Evidence shows that COVID-19 virus could survive for
up to 72 hours on the contaminated surface, indicating
that efficient continuous sterilisation is crucial for face
masks.

where they have approximately ten-times the climate
impact than using reusable masks. Considering the
environmental impact, bioplastic and bio-aerogel have
been used for SterilMask which would be 100%
biodegradable (Figure 2). The bio-aerogel insert allows
the user to breathe through the porous plastic mask and
provides protection to the user due to the filtration
properties of bio-aerogel. The transparent design of
SterilMask is beneficial for communications/lips reading,
especially for people with hearing impairments.

However, reusing surgical and FFP3 masks is still subject
to debate, as no clear guidelines and satisfactory
procedures for cleaning or disinfecting these masks
have been approved, leaving the masks an infection
source. Also, most decontamination methods degrade
the fit, filtration efficiency, and breathability of
disposable masks. These procedures are also highly
impractical and time-consuming, especially for
healthcare facilities in a race against the clock.
This multi-disciplinary collaborative project funded by
Innovate UK, is aimed to design and develop a selfsterilising desiccant mask, called ‘SterilMask’, which
provides continuous sterilisation without damaging the
mask’s filtration capability and breathability. Different
versions of SterilMask have been proposed and tested
by the project consortium.
Uniquely,
SterilMask
provides
self-sterilisation
properties to efficiently decontaminate the mask where
the coated desiccant solution kills or deactivates viruses
on the mask skin and in the inhaled air, and the
impregnated desiccant material could humidify inhaled
air passing into the nose and sinus cavities, reducing the
moisture level and minimising condensation, providing
better comfort for wearers (Figure 1).

Figure 1: Non-woven fabric coated with silica gel

Figure 2: Bio-plastic SterilMask with salt-coated aerogel filter

SterilMask will be air-sealed allowing efficient
continuous filtration, self-sterilisation and humidity
control to provide improved protection against COVID19 and other viruses in the future. Also, SterilMask with
flexible designs will ensure more comfortable wearing
with enhanced breathability than common facemasks.
It offers an efficient, relatively simple solution without
depending on additional devices, tools or materials,
which will be suitable for rapid pandemic response,
bringing benefits to medical staffs and patients as well
as the general public. Furthermore, its durability,
reusability and recyclability will reduce landfill waste
and associated environmental impact.
The research team at the University of Nottingham
which is led by Professor Saffa Riffat, President of the
World Society of Sustainable Technologies/Fellow of
the European Academy of Sciences, has been working
collaboration with two industrial partners HPM Ltd,
KDM Ltd, Phase Change Material Products Ltd and
Plasnet Ltd on development and commercialisation of
the patented SterilMask technology for various mask
applications.
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the system was the ground, which was used most of the
Geothermal recharge with PVT
time. Nevertheless, the PVT field also significantly
panels
contributed to increase the overall energy performance
E. Baccega, S. Cesari, G. Emmi, M. Bottarelli
Department of Architecture, University of Ferrara, Italy
Multi-source heat pump systems allow energy
performance enhancement by switching between the
available thermal sources. In the frame of H2020
European project IDEAS – Novel Building Integration
Designs for Increased Efficiencies in Advanced
Climatically Tunable Renewable Energy Systems – (call
H2020-LC-SC3-2018-RES-TwoStages, grant agreement
No. 815271) experimental research was carried out at
the TekneHub Laboratory of the University of Ferrara
Italy.
The prototype consisted of a system with an invertible
water-to-water heat pump (HP) (6kW) coupled with
phase change materials (PCMs) and operating between
three different thermal sources: ground, sun and air.
The main aims of the project were to study the effect of
integrating PCMs in innovative components of the
system and the development of control strategies for
the exploitation of the available thermal sources. The
geothermal section was made up of three loops of three
novel flat-panels each, backfilled with sand (GHX1), a
mixture of sand and granules of paraffin (GHX2) and
HDPE containers filled with hydrated salts (GHX3); the
photovoltaic section was composed of two hybrid PVT
panels coupled with a storage tank filled with water and
HDPE containers of hydrated salts; lastly, a dry-cooler
allowed the exploitation of air source (Figure 1).

of the plant. The free heat available from the PVT loop
during the day can be used in different ways to improve
the COP of the HP. It was employed for the thermal
regeneration of the geothermal field, exchanging heat
with the ground through the flat-panels when the HP
was switched off; alternatively, heat from the PVT
section could be directly used to increase the
temperature of the heat carrier fluid at the evaporator
side of the HP. At the same time the cooling of the PV
field increased the efficiency of the electric production,
thus reducing the thermal stress of the PV panels.
From the monitoring data of the thermal power plant, it
was interesting to notice that in the whole working time
the coupling between ground and solar accounted for
17.4%, which meant that the solar source meaningfully
contributed to recharge the ground and therefore to
increase the energy performance of the system. This
effect is depicted in Figure 2.

Figure 2: temperatures at the outlet of the geothermal
section (GHX_out), of the solar source (PVT_out), of the air
(Air) and of the buffer tank on the source side (BF1)

Figure 1: axonometric view of the system

The available thermal sources can be exploited
simultaneously or one at a time by means of 3-way
automatic valves. Valves were managed by a control
system that at regular time steps checked the boundary
conditions and the temperature level of each source.

As illustrated in the chart, the solar loop increased the
temperature of the heat carrier fluid in the tank at the
source side (BF1) and indirectly exchanged heat with the
ground, thus increasing the temperature close to the
flat-panels. In particular, the HP evaporation
temperature occurred with the exploitation of the
ground (whose temperature was much higher than that
of the air), and where the later recharge effect from the
solar source allowed it to recover a temperature 5K
higher than the lowest one achieved during the night.
Therefore, it was evident the important role played by
the solar system, which is able to thermally regenerate
the soil by making more favorable temperatures
available on the source side for the operation of the HP.

The winter period of testing lasted nearly five months
and, net of periodical tests, data were fully collected for
a period of 96 days in which the system fully operated
for 175.5 hours. The most important thermal source in
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For the annual daylighting simulation, Harbin, Beijing,
Daylighting assessment of two
Wuhan, Hong Kong, and Kunming of China were
types of vacuum PV glazing under selected as the representative cites of five different
climate regions of China, i.e., severe cold, cold, hot
different climate conditions
summer and cold winter, hot summer and warm winter,
Changyu Qiu, and Hongxing Yang
Renewable Energy Research Group (RERG), Department
of Building Services Engineering, The Hong Kong
Polytechnic University, Hong Kong, China
The development of thin-film photovoltaic solar cells
promotes the application of building integrated
photovoltaic (BIPV) windows. In particular, semitransparent photovoltaic (STPV) glazing can transmit a
proportion of natural light and produce solar power in
situ. To improve the thermal performance of the STPV
glazing, two types of vacuum PV glazing were developed,
namely, the amorphous silicon-based vacuum PV glazing
and the cadmium telluride-based vacuum PV glazing. As
daylighting performance of the glazing is regarded as an
essential aspect of an advanced window system, the
daylight availability of the two types of vacuum PV
glazing was evaluated for five different climatic
conditions of China in this project, whose results are
reported here.
Figure 1 illustrates a structural cross-section of the two
types of vacuum PV glazing. The structure of the fourlayer a-Si vacuum PV glazing is shown in Figure 1a. The 2layer a-Si PV laminated glass and the 2-layer vacuum
glazing were adhered to polyvinyl butyral. As shown in
Figure 1b, the three-layer structure of the CdTe-based
vacuum PV glazing was developed by replacing the
vacuum glazing as the backplate of the CdTe PV glazing
with a superstrate configuration. For both types of the
vacuum PV glazing, the vacuum gap can minimize the
conductive and convective heat transfer through the
glazing area. Therefore, these two types of vacuum PV
glazing can outperform conventional STPV windows.

and moderate regions. The daylighting performance of
the two types of vacuum PV glazing were compared
with vacuum glazing.
As shown in Figures 2a-e, the daylight availability of the
two types of vacuum PV glazing and the vacuum glazing
in different climates were demonstrated by three UDI
bins.
(a)

(b)

(c)

(d)

Distance from window (m)

(e)

(a) a-Si based VPV
(b) CdTe-based VPV
Figure 1: Cross-sections of two types of vacuum PV glazing

An annual daylighting model was developed based on
DAYSIM for the daylighting assessment under different
climate backgrounds. The Useful Daylight Illuminance
(UDI) was used to evaluate the availability of daylighting
illuminance of the glazing for a whole year with
occupancy schedule.

Figure 2: Useful Daylight Illuminance of the two types of
vacuum PV glazing and vacuum glazing

www.wsset.org
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For the case in Harbin, as shown in Figure 2a, the
undersupply daylight (UDI<100 lux) of the CdTe-based
vacuum PV glazing increased from 30% to 43% with
more distance from the window, while the UDI<100 lux of
the a-Si based vacuum PV glazing was larger, about 3471%. In the rear area of the room, the CdTe-based
vacuum PV glazing had a lower probability of supplying
insufficient daylighting. In contrast, the vacuum glazing
had a higher UDI>2000 lux than the two types of vacuum
PV glazing, which suggested that the vacuum glazing
provided a higher likelihood of the oversupply daylight
luminance in the area close to the window. The a-Sibased vacuum PV glazing performed better than the
CdTe-based vacuum PV glazing with respect to avoiding
oversupply of sunlight. In Beijing, Wuhan, Hong Kong,
and Kunming, similar distributions of three UDI bins of
the two types of vacuum PV glazing and the vacuum
glazing can be observed in Figure 3b-e. It should be
noted that more oversupply daylight occurred in the
rear half of the room in the high-latitude regions, such
as Harbin (45.8°N). The main reason is that the southorientated window would receive more direct sunlight

Numerical investigation of heat
transfer and flow characteristics
of a double-wall cooling
structure: Reverse circular jet
impingement
Abdallah Ahmed1,2, Edward Wright1, Fawzy AbdelAziz2, Yuying Yan1*
1Fluids & Thermal Engineering (FLUTE) Research Group,
Engineering, University of Nottingham, University Park,
Nottingham NG7 2RD, UK
2Mechanical Power Engineering Department, Faculty of
Engineering, Cairo University, Giza, Egypt
This is an abridged article of a paper from Applied
Thermal Engineering 189 (2021) 116720. The full paper
can be found at:
https://doi.org/10.1016/j.applthermaleng.2021.116720
Jet impingement has been used in many applications as a
result of its high convective heat transfer rates, especially
near the stagnation zone. Therefore, the jet impingement
technique is widely used in a variety of applications and
industries (i.e., gas turbine blades and combustion
chamber cooling, aircraft wing de-icing, electronic
component cooling, food processing, glass and metal
tempering, paper drying, and textiles).[1-2]

in higher latitudes in winter. The research results
indicated that both types of vacuum PV glazing can
achieve a balance between the oversupply daylight near
the window and undersupply daylight in the rear area.
The a-Si based vacuum PV glazing could provide a certain
amount of useful daylight illumination in the anterior
half of the office. The CdTe-based vacuum PV glazing
could reduce the oversupply daylight occurring
compared with the vacuum glazing and provide more
useful daylight in the rear half of the office compared
with the a-Si based vacuum PV glazing.
References:
[1]
C. Qiu, H. Yang. Daylighting and overall energy
performance of a novel semi-transparent photovoltaic vacuum
glazing in different climate zones. Applied Energy, 276, 115414, 15
October 2020.
[2]
C. Qiu, Y. Yi, M. Wang, and H. Yang. Coupling an
artificial neuron network daylighting model and building energy
simulation for vacuum photovoltaic glazing. Applied Energy, 263,
114624, 1 April 2020.
[3]
C. Qiu, H. Yang, and W. Zhang. Investigation on
the energy performance of a novel semi-transparent BIPV system
integrated with vacuum glazing. Building Simulation, Vol. 12, pp.2939, 1 February 2019.

There are a large number of parameters which control
the jet impingement performance, including jet shape, jet
hydraulic diameter (Dj), jet angle, jet-to-target spacing
(H/Dj), jet-to-jet spacing(S/Dj), jet arrangement, target
surface curvature, dimple depth (δ/Dj), Reynold’s
number (Re), etc. There have been several numerical and
experimental studies carried out on different impinging
surface configurations to investigate the optimal
performance of heat transfer, such as pin fin, rib
roughened surface, and other shapes.[3-5]
After reviewing the previous studies, we can conclude
that narrow crossflow channels reduce the interfacing
between adjacent jets, but at the same time increase the
accumulated crossflow velocity which reduces the heat
transfer rate, especially for the jets in proximity to the
spent air outlet. Moreover, there are constraints on the
spacing distance between the adjacent jets and the
spacing distance between jets nozzle to target surface for
jet arrays to minimise the interaction between the
adjacent jets. Accordingly, the main aim of this research
was to investigate a new double-wall target surface
structure to eliminate the heat transfer deterioration as a
result of the crossflow; moreover, improving the heat
transfer rate by increasing the internal surface area
without incurring excessive pressure loss. This new
design was inspired by the reverse flame/thimble boiler,
as the target surface was in the form of a thimble, with
the impinging jet concentrated down the centre.

Figure 1: Reverse jet impingement computational domain with different inlet and outlet configurations
(a) square-edged nozzle (b) extended nozzle (c) side view.
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The air doubles-back on itself within the thimble to come
to the front of the nozzle plate before exiting through
the outlets. In this study, air was used to impinge on a
thimbled target surface from five square-edge/extended
pipe circular nozzles arranged in-line to form a row of
reverse impingement jets, as shown in Figure 1. Nozzle
diameter was 25 mm, the jet-to-jet spacing distance
equalled 3.4 Dj, the nozzle plate thickness and crossflow
channel height equalled 1 Dj. All nozzles were concentric
with the five thimbles. The thimble structure consisted
of a hemispherical dimple and a hollow cylinder. Dimples
and cylinders had the same diameter, Dd, of 3.2 Dj. The
air mass flow rate was constant in all study cases to set
the same average jet Reynolds number for all cases, Re =
23,000. The inlet and exit orientation, and the jet-totarget spacing distance were variable to assess how they
affected heat transfer rates and flow characteristics.

The experimental test-rig setup has been illustrated
particularly in previous work. [7-8] A novel reverse jet
impingement geometry was analysed using CFD
methodology. During procedural optimisation of the
arrangement, variations of inlet, and nozzle geometry,
and outlet conditions were tested to improve its
effectiveness.

Air temperature and turbulence intensity of the inlet
conditions were adjusted to 298 K and 10%, respectively.
The outlet boundary condition was set to zero-gauge
pressure. A constant heat flux of q˙ = 1000W/m2 was
applied at the target surface. Adiabatic conditions were
applied for other walls, and all walls adapted the no-slip
shear condition. Table 1 summarises the nine study
cases conducted in this study.

• When analysing nozzle discharge coefficient, the most
significant variable was outlet condition, where a
maximum flow area generated highest discharge
coefficient.

Table 1: Case studies and parameters.
Case no.
1
2
3
4
5
6
7
8
9

Inlet
T
T
T
T
L
R
T
T
T

Outlet
R
L&R
M, L& R
R
R
R
R
R
R

Extended nozzle
√
√
√
√
√
√

H/Dj
4
4
4
3
3
3
1.6
5
7

T: top, L: left, R: right, M: midway.

With the aim of getting a comprehensive interpretation
for the flow field and heat transfer in the reverse jet
impingement cooling structure, the commercial CFD
software ANSYS Fluent 19.2 was used. Three
dimensional numerical computations were carried out to
solve the governing equations [6]. Coupled schemes for
pressure-velocity coupling were used for better
convergence. Air properties were defined as a function
in the air temperature. Convergence of the discretised
equations was achieved when all the residuals of u, v, w,
p, k, and ω were less than 10− 4 , whilst for energy the
residual target was less than 10− 6 , alongside that the
quantities of interest, such as average Nusselt number
and inlet pressure, must become steady and not change
through iterations.
Since the reverse jet impingement is a novel design,
there is a shortage in the published data for the reverse
jet impingement. Thus, heat transfer of a single reverse
jet impingement has been experimentally investigated
by using a wind tunnel with heated air and applying the
Transient Liquid Crystal technique to validate the
numerical work.

• Initial testing showed that crossflow effects were still
significant in this geometry.
• Extension of the nozzle to the level of the crossflow
channel significantly reduced the effect of crossflow and
increased average Nu.
• Variation of inlet condition was analysed in depth, but
no significant optimisation was found.
• Nozzle to target spacing was optimised at jet-to-target
spacing around three jet diameter.

This numerical study concluded that the current
optimised reverse jet impingement arrangement utilised
an extended nozzle. This design is highly resilient to the
effects of crossflow, and therefore can be utilised with a
range of inlet and outlet conditions.
References:
[1] X. Yang, Z. Liu, Z. Feng, Effect of Film Extraction on Impingement
Heat Transfer Characteristics of Jet Arrays on Spherical-Dimpled
Surfaces, Proceedings of the ASME Turbo Expo 2015: Turbine
Technical Conference and Exposition. Volume 5A: Heat Transfer.
Montreal, Quebec, Canada, June 15–19, 2015.
[2] L.M. Wright, M.F. Malak, D.C. Crites, M.C. Morris, V. Yelavkar, R.
Bilwani, Review of Platform Cooling Technology for High Pressure
Turbine Blades, Proceedings of the ASME Turbo Expo 2014: Turbine
Technical Conference and Exposition. Volume 5B: Heat Transfer.
Düsseldorf, Germany, June 16–20, 2014.
[3] D.H. Lee, Y.S. Chung, P.M. Ligrani, Jet Impingement Cooling of
Chips Equipped With Multiple Cylindrical Pedestal Fins, ASME. J.
Electron. Packag. 129 (3) (2007) 221–228.
[4] Y. Xing, B. Weigand, Experimental investigation of impingement
heat transfer on a flat and dimpled plate with different crossflow
schemes, Int. J. Heat Mass Transf. 53 (19–20) (2010) 3874–3886.
[5] E.J. Walsh, M. Mclean, Heat Transfer From Novel Target Surface
Structures to a Normally Impinging, Submerged and Confined Water
Jet, ASME. J. Thermal Sci. Eng. Appl. 1 (031001) (2009).
[6] A.J. Chorin, Numerical solution of navier-stokes equations, Math.
Comput. 22 (1968) 745–762.
[7] E. Wright, A. Ahmed, Y. Yan, J. Maltson, L. Lopez, Experimental and
Numerical Heat Transfer Investigation of Impingement Jet Nozzle
Position in Concave Double-Wall Cooling Structures, Heat Transf. Eng.
(2021).
[8] E. Wright, A. Ahmed, Y. Yan, J. Maltson, L. Lopez, Experimental and
Numerical Heat Transfer Investigation of Impingement Jet Nozzle
Position in Concave Double-Wall Cooling Structures, The 16th UK Heat
Transfer Conference, Nottingham, 2019
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WSSET exclusive offer – IJLCT
The International Journal of Low-Carbon Technologies (IJLCT), whose Impact Factor has
increased to 1.054 with indexing in the WOS and the JCR, offers a 20% discount to the
APC (article processing charge) for WSSET members wishing to publish a paper in IJLCT
(open access). This will cost WSSET members £915 (€1099) as opposed to the full charge
of £1144 (€1373). Authors will need to state that they are WSSET members when paying.

Please visit www.ijlct.oxfordjournals.org to submit your articles.

WSSET exclusive offer - FCE
Future Cities and Environment (FCE) is indexed with SCOPUS and has an increased
CiteScore of 1.0. In conjunction with WSSET, FCE have agreed a £25 discount to the APC
for WSSET members wishing to publish a paper (open access). This will cost WSSET
members £475 compared to the full charge of £500. Authors will need declare their
membership details to the editorial team when it comes to payment before publication.

Please visit www.futurecitiesandenvironment.com to submit your articles.

Renewable Bioresources is an Open Access (Gold OA), peer reviewed, international online
publishing journal, which aims to publish premier papers on all the related areas of
advanced research carried in its field. Renewable Bioresources emphasizes the advanced
applications of biotechnology to improve biological ecosystems through renewable energy
derived from biological sources.
Please visit www.hoajonline.com/renewablebioresources to submit your articles.
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If you have recently moved, changed jobs, or changed email
address, please remember to update your membership details
or contact secretary@wsset.org with your new details.
If you no longer wish to be a member of WSSET or you want to
unsubscribe from emails, please unsubscribe here.
Thanks
Donations are welcome and greatly
appreciated!
We would like to remind our members that
WSSET is a non-profit organisation, hence
providing free membership. We would not be
able to play a significant role in consolidating
practical partnerships between academic and
industrial organisations without the help of our
members.
Whether you would like to get more involved or
contribute financially, please get in touch with
us at: secretary@wsset.org

Important for the repudiation of
WSSET
Neither the WSSET, nor any person acting
on its behalf:
(1) assumes any responsibility with respect
to the use of information of, or damages
resulting on the information on this WSSETNewsletter;
(2) gives any warranty or representation,
express or implied, with respect to the
accuracy of the information, opinion or
statement contained here.

All WSSET members are kindly invited to submit articles for publication in future WSSET
newsletters. Articles can be on a range of topics surrounding the word of sustainable energy
technologies. With nearly 2000 members, the WSSET newsletter provides a great opportunity to
publicise new ideas, technologies or products – all free of charge!
Articles should be no more than 400-500 words and one or two photographs would be very
much appreciated. Submissions should be emailed to secretary@wsset.org
Furthermore please contact secretary@wsset.org regarding any conferences, seminars or
symposiums relating to topics of sustainable energy technologies that you wish to be advertised
in the newsletter.
Once again, thank you for your continued support to WSSET.
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