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1. INTRODUCTION  

In the UK, approximately 30% of energy is consumed by domestic sector hence a significant 
source for pollutant emissions [1]. The UK energy demand has gone up by 7.3% between 
1990 and 2003 whilst the domestic energy demand has increased by 17.5% [2]. The UK 
emitted around 158 million tonnes of CO2 (on a UNECE basis) in 2004, of which 47.4 million 
tonnes or 30% of the total was emitted by the domestic sector [3]. The UK government has 
targeted to reduce greenhouse gas emissions by 10% by 2010 and 20% by 2020 [4]. The UK 
Government Energy White Paper Our Energy Future 

 

Creating a Low Carbon Economy 
published on 24th February 2003 sets out the long-term strategy for UK Energy Policy. The 
key aim is to cut the UK s CO2 emissions by 60% by 2050 with significant progress by 2020 
[4]. In order to meet the target, renewable energy will play an important role. Reduction in 
energy demand in the domestic sector will have significant impact on UK s emission rate.  

Approximately 22% of the domestic energy consumption in the UK is attributed to domestic 
water heating [5], leading to 10.45 million tonnes of CO2, in the UK based on 2004 values. 
The application of domestic solar hot water systems is an ideal option in reducing the 
domestic energy demand and CO2 emissions. Currently in the UK, the installation of solar 
thermal collectors is growing rapidly compared to PV installations with over 100,000 solar 
thermal systems installed to date in the UK, primarily in the domestic sector [6]. A typical 
solar water heating unit in the UK can reduce the domestic yearly hot water load by up to 
40% [7,8], representing 4.17 million tonnes of CO2 per year in a national context or roughly 
2.64% of the total UK CO2 emissions. The retrofit solar water heating market represents the 
greatest single area where significant gains can be made in achieving this goal. The greatest 
barrier to their wide scale implementation is cost.  

A distributed domestic hot water heating system consists of three main components: solar 
collector, a heat transfer system and hot water cylinder (HWC). The solar collector absorbs 
solar radiation converting it to thermal energy. A heat transfer fluid circulates in a closed loop 
and transfers the heat to a heat exchanger located in the storage cylinder [9]. A twin-coil 
cylinder is the preferred mode of store for a domestic solar thermal system in the UK due to 
the typical low temperature hot water (LTHW) central heating system design. Thus an 
existing single-coil HWC needs to be replaced by a twin-coil cylinder for the domestic solar 
thermal installation adding additional system installation costs. The embodied energy of the 
system increases by scrapping and replacement of the existing cylinder. To avoid replacement 
of an existing HWC, a novel heat exchanger unit ( Solasyphon ) has been developed by 
Willis Heating & Plumbing Ltd.   

1.1 The Willis Solasyphon

  

1.1.1 Physical description  

The Willis Solasyphon

 

system is a simple bolt-on heat exchange unit, similar in concept to 
the Willis Immersion heater. The basic premise of the unit is to provide a lower cost 
installation alternative to a traditional retro-fit twin-coil solar HWC by removing the need to 
replace the existing single-coil storage cylinder. The Solasyphon can be connected directly 
to a solar collector flow and return loops through high and low HWC connections. This is a 
quick and easy install action process and minimises any risk of disruption to the existing 
central heating system. Fig. 1 shows the schematic detail of the Solasyphon unit. The 



Solasyphon is 800 mm long and 100 mm in diameter consisting of primary and secondary 
flow pipes. Water from the solar collector enters and returns from the Solasyphon via 15 
mm diameter copper pipes. An internal annular arrangement maximises the heat exchanger 
surface. The cold water from the HWC enters at the bottom of the Solasyphon via a 22 mm 
diameter copper pipe. The heated water rises through the Solasyphon and transfers at the top 
of the HWC via a 15 mm diameter copper pipe. The outer shell and internal heat exchanger 
are constructed from solid drawn copper and all joints brazed with silver copper brazing alloy. 
The external surface of the heat exchanger is insulated with a 40 mm rockwool thick jacket 
with a removable flame retardant fabric cover.                                   

Fig. 1. Schematic diagram of a Solasyphon unit   

1.1.2. Working principle  

The Solasyphon consists of two main sections: internal annular section and outer cylindrical 
section. The cold water from an existing HWC enters at the bottom of the outer cylindrical 
section of the Solasyphon . The hot fluid from the solar collector enters into the 
Solasyphon (as shown in point A in Fig. 1) through the primary flow pipe, circulates 
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through the internal annular section of the Solasyphon and returns back to the solar collector 
through the primary flow return (point H). As the hot fluid circulates inside the annular 
section of the Solasyphon , the heat is transferred from the hot fluid to the cold water within 
the outer section of the Solasyphon . The small volume of water (1.5 l) within the outer 
section of the Solasyphon ensures rapid heat transfer between the hot fluid inside the 
annular section and the cold water inside the outer section of the Solasyphon . As the density 
of hot water is lower than cold water, the hot water rises through the outer portion of the 
Solasyphon initiating thermosyphonic action within the water contained in the outer section. 

The heated water is then fed to the top of HWC. The low density hot water inside the HWC 
accumulates on the top and the high density cold water stays at the bottom of the cylinder 
resulting in continuous flow of cold water from HWC to Solasyphon . As the temperature 
within the upper portion of the cylinder reaches maximum, the temperature gradually 
increases at the bottom layer leading to temperature stratification within the cylinder.   

1.2 Aims and Objectives  

The aim of this investigation was to report upon the operating performance of the Willis 
Solasyphon

 

under controlled simulated conditions. The objectives of the study where to: 

 

develop an understanding of the outcomes sought by Willis Heating & Plumbing Ltd 
through testing the Solasyphon

 

system integrated to a pressurised hot water storage 
cylinder through meetings with the inventors to discuss set-up and installation 
parameters, 

 

design, develop and install a suitable testing facility with flexibility and appropriate 
instrumentation, 

 

design and development of a rigorous test programme, 

 

implement the test programme, 

 

analyses test results, and 

 

provide full documentation of the study.   

2. DESCRIPTION OF THE TEST FACILITY  

Following initial discussions with Willis Heating & Plumbing Ltd a suitable test facility was 
designed, developed and installed that would allow the full scope of the proposed 
investigation to be realised. The experimental set up consisted of proprietary solar collector, 
solar loop and interchangeable coil/ Solasyphon loop. The experimental set up is shown in 
Fig. 2.  

A Thermomax HP200 evacuated tube solar collector with an array of 20 heat pipe evacuated 
tubes covering an area of 2005 mm 

 

1418mm with an effective absorber area of 2 m2.  Fig. 3 
shows the solar collector used for this study. Fig. 4 shows the Solasyphon system integrated 
with the hot water cylinder. The collector inlet and outlet loop had two separate 
interchangeable connections: one loop was connected to the heat exchange coil within the 
HWC whilst the other was connected to the primary inlet and outlet ports of the Solasyphon . 
Isolation valves (see Fig. 2) in both the coil loop and Solasyphon loop were used to separate 
each system for independent testing. A bypass connection across the HWC enabled isolation 
of both the coil loop and Solasyphon

 

loop to provide continuous pumped flow through the 
HWC to ensure uniform temperature distribution in the store when necessary.   



The HWC had a pre-installed 3 kW immersion heater, linked to a PID controller to enable 
water storage temperatures to be controlled independent from the solar collected input. T-type 
copper-constantan thermocouples, which had an error of ±0.5 C between 0 and 70 C were 
used to measure the temperature of solar collector inlet and outlet flows, Solasyphon 
primary and secondary loops, cold feed, coil inlet and outlet flows, flow temperature across 
the pump in the collector circuit, HWC storage and ambient air temperatures. Water storage 
temperatures were measured at ten locations to record the variation of water temperature 
within HWC. Pulse type flow meters which had an accuracy of ±3.0% and repeatability of 
0.5% were employed to measure water flow rate in the collector loop. All sensors were 
connected to a stand-alone Delta-T data logger unit to record all measured variables. The 
logger data were transferred to a PC via a data transmission cable for storage.   

All tests were conducted under a constant 800 Wm-2 solar radiation simulated by a state-of-
the-art solar simulator. The simulator lamp array consists of high power 35 metal halide 
lamps arranged in 7 rows of 5 lamps each. Each lamp is equipped with a rotation symmetrical 
paraboloidal reflector to provide a light beam of high collimation. In order to achieve uniform 
distribution of light intensity on the test area, a lens is inserted in each lamp to widen the 
illumination of light. The combination of reflector-characteristics, lens and lamps ensures a 
realistic simulation of the beam path, spectrum and uniformity. The solar simulator control 
panel maintained the constant level light intensity automatically on the collector surface via a 
pyranometer (pyranometer 1 in Fig. 3) mounted at the centre of the collector panel as shown 
in Fig. 3. Another pyranometer (pyranometer 2 in Fig. 3) was employed to measure the light 
intensity on the collector surface. Fig 5 shows the distribution of radiation intensity on the 
collector surface. Approximately 96% of uniform distribution on the surface was achieved.   

For hot water storage, an OSO stainless steel unvented hot water cylinder was used. The 
cylinder was able to operate at mains pressure, complete with a dedicated solar coil. The 
bubble top unvented cylinder feature avoided the requirement of separate expansion vessel 
and saves space. The cylinder also provided provision for auxiliary heating via a secondary 
coil and/or electric immersion heater. The HWC draw-off outlet was configured to allow 
water drawn off (see Fig. 4) to have flow temperatures and rate monitored. The rated 
(unpressurised) capacity of the cylinder was 210 litres contained within a cylindrical 
dimension of 1400 mm high and 580 mm in diameter. The cylinder is insulated with 40 mm 
thick chlorofluorocarbon (CFC) free fire retardant polyurethane (PU) foam. A schematic 
detail of the test facility is shown in Fig. 6.  

3. DESCRIPTION OF THE TEST PROGRAMME  

Testing on the Willis Solasyphon

 

commenced in early January 2009 and was conducted 
over a 2-month period. A series of tests were conducted on both system variations, and 
included 

i) heating from an ambient start (initial temperature was maintained at 15 C) under 
continuous 6 hours constant 800 Wm-2,  

ii) heating of a partially stratified HWC (initial stratification temperature was 
maintained at 60 C) under continuous 4 hours constant 800 Wm-2,   

iii) heating from an ambient start (initial temperature was maintained at 15 C), 
subjected to a standard water withdrawal pattern, and, 

iv) heating from an ambient start (initial temperature was maintained at 15 C) for the 
Solasyphon system under continuous 6 hours constant 800 Wm-2 for variable 

flow rates from the collector loop.  



                                         

Fig 2. Experimental set up   


