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ABSTRACT

This research aimed to develop a liquid oxygen tank valve defrosting system
that could be used in hospitals to enable a steady supply of oxygen even during cold
weather or periods of high oxygen demand. The system was intended to be used as
a viable alternative to the hosing systems currently used in many South African
hospitals by being partially autonomous and environmentallyfriendly in its design and
operation. Based off conducted research and interviews from hospital personnel, focus
was placed on developing a defrosting system that used flowing water to melt ice. The
development of the defrosting system was successful, and the system was able to
conduct the independent tests reliably. Although the conducted testing did not involve
using the defrosting system on a real liquid oxygen gas tank’s frozen valve, various
analyses were conducted with respectto flow rate performance, effects of water loss
and the degradation of performance due to cold temperatures. Based off practical
testing on ice, it was concluded that the system should be able to perform similarly if
used on the liquid oxygen tank valves of hospitals and that the defrosting systemshould
theoretically prove effective even under high oxygen demand or cold weather. The
developeddefrosting system should be an effective solution to the stated predicament
of frozen oxygen tank valves in hospitals and is theoretically a viable alternative to the
hosing system currently used by many South African hospitals.

Keywords: liquid oxygen tank, gas tank, frozen valve, defrost valve, melt ice, spray
water,shower, water pump, defrosting device, defrosting system

INTRODUCTION

The following sections outline the background, aims and objectives, review of
existing systems, and research contributions.
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I Background
The valves found in liquid oxygen tanks used in hospitals tend to develop a
build-up of ice.In situations where there is a high demand for oxygen in a hospital or
during cold weather, the iceaccumulation hinders oxygen delivery to patients. The
issue of frozen oxygen tank valves is moreprevalent in recent times as there exists
a higher-than-average demand for oxygen in South African hospitals during the
COVID-19 pandemic (Anand, 2021; Poonipershad, 2021).

ii. Aims and Objectives
In response to the above-mentioned scenario, this research aimed to
develop a liquid oxygen tank valve defrosting system that could be used in hospitals
to deliver a steady oxygen supply even during cold weather or periods of high
oxygen demand. The system was intended to be partially autonomous and
environmentally friendly in its design and operation to be a viable alternative to the
hosing system generally used in South African hospitals. The following points list
the objectives of the defrosting system design:
e The system was made to effectively defrost the oxygen tank valve, even during
periods of highoxygen demand or cold weather.
e Predominantly COTS components were used to ensure the system could
be easilyimplemented, maintained and be sustainable in its construction.
e A water recycling system was utilised by using a reservoir system, thereby
contributing to asustainable design, and reduced operational costs.
e The system was designed to be partially autonomous in its major functions.
e The system was designed to be easily incorporated into existing oxygen tank
set-ups in mostSouth African hospitals.

iii. Review of Existing Systems

The defrosting system currently used by hospitals involves manually operating
a hosepipeto spray water on the valves, which is done daily for approximately one
hour (Anand, 2021). Based off interviews conducted, the hosepipe system could be
improved by automating most of the process and using a more sustainable design
that reduces water wastage (Anand, 2021; Poonipershad, 2021). KUM Industries
have implemented a system of showers to defrost ice fromoxygen tank vaporisers
during the COVID-19 pandemic (Matheson & KJM, 2021). Their reasoning for
implementing their system was that it allowed defrosting without the need for
heaters, which are considered hazardous near oxygen tanks (Matheson & KJM,
2021). KUMIndustries' system was designed to defrost the vaporisers of oxygen
tanks, and it is unproven to be a viable solution for defrosting oxygen tank valves.

Based on the research conducted, it was understood that valves found in
liquid oxygen tank systems are known to freeze in addition to the vaporiser unit and
its piping (Matheson & KJM, 2021). The oxygen tank components known to freeze
were confirmed through investigative research and consultations with hospital
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personnel (Anand, 2021). It was determined that the vaporiser was most prone to
freezing and the vaporiser-tank valve was least prone to freezing. However, a
frozen vaporiser-tank valve would hinder oxygen delivery more so than when the
other components freeze (Anand, 2021). Hence, the focus was placed on designing
the defrosting systemto defrost oxygen tank valves and not the vaporiser or other
components.

Freeze protection valves are used in systems to prevent or reduce ice build-
up (Thermomegatech, 2011). Freeze protection valves are typically used in water-
based systems, such as water inlet or supply piping (Hughes, 2021). Freeze
protection valves can be considered a commercially-off-the-shelf (COTS)
component, hence provided that the freeze protection valve is of appropriate
compatibility with the oxygen tank, it can be installed with relative ease
(Thermomegatech, 2011). Freeze protection valves were not included in the design
as it was unproven to be a suitable solution to the freezing of liquid oxygen tank
valves as freeze protectionvalves are commonly used in water-based applications
(Hughes, 2021).

In many industrial applications, valves are enclosed in blanket heaters or
heated enclosures known as “hotboxes” (Pape & Watlow, 2008). These heating
enclosures are typically made from silicone rubber and contain heating elements
that generate heat within the enclosurearound the valve (Pape and Watlow, 2008).
Alternate systems used to heat valves with external heat sources include using
heating element designs such as tubular, cable or cartridge heaters (Pape &
Watlow, 2008). These heating element designs are generally placed in direct contact
withthe valve or in the open air near the valve (Pape & Watlow, 2008). Though the
heating solutions mentioned above have proven efficient in many applications,
external heat sources are not favourable solutions when designing for systems in
close proximity to liquid oxygen (Dugdale, 2020). Liquid oxygen is highly
combustible, and fire hazards are not allowed near systems using liquid oxygen
(University of Florida, 2016). Though the external heat sources do not produce an
open flame, it can be considered a safety hazard (University of Florida, 2016). For
these reasons, external heat sources were not used in the defrosting system's
design.

iv. Research contributions
The contributions of this research are the following:

e The development of a new defrosting system to address the issue of
hospital oxygen tankvalves freezing.

e Implementation of water-saving subsystems in the defrosting system to
reduce operationalcosts and environmental damage compared to current
solutions.

e Implementation of autonomous functionality in the defrosting system to
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ensure practicaland reliable operation compared to current solutions.
e Predominant use of COTS components in the defrosting system to ensure
that the systemcan be assembled and implemented with relative ease.

MATERIALS AND METHODS

The following sections outline the development of the defrosting system's
design, and thetesting methodology used for each of the practical tests that were
conducted.

I Development of the defrosting system's design

After taking the research and interviews conducted with hospital personnel
into consideration, a defrosting system was designed to spray water onto the valve
to defrost it. The method of spraying water on frozen components was an effective
method in defrosting oxygen tank vaporiser units and could be applied to the valve
system, which would have a similar frost build-up to the oxygen tank vaporiser
(Matheson & KJM, 2021). This defrosting method was confirmed to be used by
hospitals in South Africa as interviews were conducted with hospital workers
(Anand, 2021; Poonipershad, 2021). Hence, this research's defrosting system
should be effective in defrosting the valves of the oxygen tanks as it makes useof
similar water spraying solutions.

The system was intended to be made from predominantly COTS
components to ensure it could be easily implemented, maintained and be
sustainable in its construction. The design was composed entirely of COTS
components and only requires components such as rigid-polyvinyl-chloride (RPVC)
piping and pump tubing to be cut to appropriate lengths. Table 1 depicts the major
COTS components used in the defrosting system's construction.

Table 1: Defrosting System COTS Components

Component Product Name Product Supplier Q| Price
ID/Barcod t
e
Water Stack &  Store 0065 Just 1| R89.90
Reservoir 22L.T Plastics
Nozzle G/Master Nozzle 6009694539869 | Builders 1| R36.75
Snap
Pump Tubing|Waterfall 06009801316796| Makro 1| R78.99
MX12MM Clear
Tubing
Water Pump Water pump 2 6920042803091 | Builders 1 | R698.00
Core Flow 15003M
Water Sheeting Alpex WHT | 00017278 Mambo’s 1| R22.99
Containment 1.5MX1M250MIC Storage
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Covers

(Plastic &Home
Sheeting)
Water Point of Sale N/A Rusticw R385.25
Containment [Screen orx
Covers (Online)
(Rig
id Acrylic)
Zipper Haberdashery N/A Craft R11.00
Misc 202 Concept
Adhesive HASULITH N/A Craft R90.00
fo Concept
r Framework
Cable Quick Ties Cable 9415886937028 | Builders R49.00
Ti [Ties
e (4.8X200MM)
Connectors
Power- MajorTech Timer 6008229002182 | Builders R340.00
Outlet Digital 8 On/Off
Timer MTD7
Cord Extension LeadHD 6002844060022 | Builders R260.00
SBS
1.5MMX10MWHT
Electrical ONESTO OPS02 Electra R94.00
OutletBox  |Outdoor Enclosure Lighting &
Large Electrical
Frame Pipe PVC PLT-1250 Plum R107.67
Tubing 40MMX6M bit
(Onlin
e)
Frame BEND 87.5D PLSW | 6001566019479 | Builders R11.00
Connect 40MM
ors
Wire Grate |Fence Welded N/A DIY R50.00
Mesh  50X50 Shop
(1.8M) (1.6M) (Onlin
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The system was designed for recycling most of the water used to spray the
valve. The reservoir system implemented into the design was comprised of a
reservoir base, water pump and water containment cover. Theoretically, most water
would be recycled into the system effectively as the water containment covers
would redirect most of the water into the reservoir. Additionally, components such
as the wire grate, electrical outlet box and water containment covers were chosen
and implemented with careful consideration to the risk management of the system
in accordance with ISO 14971:2007, as each component ensured safety of the user
and surrounding equipment during operation (1SO, 2007).

A key objective of the defrosting system was to design it to be incorporated
into a variety of oxygen tank set-ups found in most South African hospitals. Through
research and interviews with hospital workers, the dimensional constraints of the
oxygen tank set-up were approximated, and a system could be designed to fit most
scenarios. The dimensional constraints used were1m x 0.3m x 0.2m and were
obtained through interviews with hospital personnel and on-site measurements
taken at King George Hospital (Anand, 2021). Additional design considerations
were taken into account to accommodate oxygen tank set-ups that were not typical
as the components that make up the defrosting system design can be cut to shorter
lengths, or alternate components can easily be sourced and incorporated. Having
components that could easily be dimensioned and swapped for more suitable
alternatives was made possible because it was made entirely from COTS
components. Hence, none of the parts would need to be specially manufactured to
fit specific scenarios.

The design of the defrosting system can be seen in Figure 1. Figure 1 does
not depict the electrical cabling and digital timer that would be present in the
completed defrosting system design.

sHEm W™ Tube & Nozzle
)
Sheeting 41
3 " Top Panel
: |

Side Panel
S Pipe Framework

g 1
o Electrical
‘ Enclosure
P

Plastic

Figure 1: Design of defrosting system
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To determine the preliminary performance of the defrosting system, a
prototype versionof the system was developed for experimentation. Three general
tests were devised, and the objectives of the experiments were to determine the
actual flowrate of the water pump in the given configuration, the approximate rate of
water loss during operation, and to determine if cold water temperatures would
significantly reduce the effectiveness of the defrosting system. Measuring tape was
used to measure the different head heights, a stopwatch was used to recordthe
time and a thermometer was used to record the water temperature. Three different
tests were conducted using different experimental procedures to achieve the
desired set of data and are briefly elaborated on in the following sections. The
general set-up for the experiments can be seenin Figure 2. Each of the three tests
were conducted with consideration to the risk management of the system in
accordance with 1ISO 14971:2007, as the different electrical cables and relevant
connections were encased or kept away from water sources during operation (1ISO,
2007).

Defrosting
System

Figure 2: General set-up for experiments

ii. Testing methodology for flow rate test
The defrosting system prototype was filled with water and the water pump
was switchedon. The outlet was held at varying head heights and the time taken to
fill a 250ml cup was recorded. This procedure was repeated at an alternate pump
setting to gauge the performance range of the pump under the specified conditions.

iii. Testing methodology for water loss tests

The water loss tests involved conducting three separate tests. Two tests were
to evaluate the water lost due to water splashes. Each test was conducted on the
same prototype but with andwithout a front panel. This was done to evaluate if it was
necessary to include a front panel in the design. The tests were conducted by
measuring the difference in water level head height of the reservoir after allowing
the system to operate for 24 hours. The final water loss test was done toevaluate
on average how much water would be lost due to evaporation, hence the reservoir
of the prototype was filled and left to stand for approximately four weeks. The new
water level height wasthereafter recorded with a tape measure.
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iv. Testing methodology for temperature test

This test involved measuring the time taken for the prototype system to melt
crushed icein a perforated container. The time taken to melt through approximately
0.12m of ice as well asthe time to melt all the ice in perforated container were
recorded separately. These steps were repeated numerous times to allow the
melted crushed ice to gradually lower the temperature of the reservoir water and
therefore yield different data in each iteration. The entire procedure was conducted
once more to ensure consistency of results.

RESULTS AND DISCUSSION
The following sections outline the results obtained from each of the tests
conducted on the prototype design followed by a brief analysis of the data.

i. Results and discussion for flow rate test
The experimental procedure for the flow rate test was performed and the
results can be seen in Figure 3 and Figure 4. The average time to taken to fill the
250ml container was recordedat different pump settings and head heights and is
represented graphically in Figure 3.

Time Taken to Fill 250 ml at Different Head Heights

]
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)
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Pump Setting 2

Average Time Taken [s

0 0.1 0.2 03 0.4 0.5 0.6 0.7
Head Height [s]

Figure 3: Graph for time taken to fill 250ml at different head heights

The corresponding flow rate for each reading was calculated based off the
average time taken to fill the 250ml container and the results are represented
graphically in Figure 4.

Calculated Flow Rate at Different Head Heights

300

250 ~e

—@&— Pump Setting 1

Flow Rate [I/h]
)
8
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
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Figure 4: Graph for calculated flow rate at different head heights
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Analysis of the flow rate test showed that the defrosting system did not deliver
a constantflow rate of 1000 I/h, but rather delivered a maximum flow rate of 281.25
I/h at pump setting 1 and a maximum flow rate of 368.85 I/h at pump setting 2. Both
settings delivered their maximumrespective flow rates at the lowest head height
tested which was 0.2 m. This was in accordance with theoretical expectations as
lower head heights would provide better pump performance. Despite the defrosting
system not reaching the target flow rate, it still performed as expected in melting ice
as can be seen in following tests. A possible reason for why a flow rate of 368.85 I/h
issufficient despite the not meeting the target specification is likely due to the target
being set higher than needed for the required task. The target specification was
obtained from the flow rate used at hospitals. Possible reasons for the under-
performance of the pump, despite having a marketed operating flow rate of 1500
I/h, could be due to the pump being defective, inaccurate testing or equipment, or
the pump being incorrectly configured.

il Results and discussion for water loss tests
The experimental procedure to find the amount of water lost due to splashing
was performed and the results can be seen in Table 2. The initial and final water
levels for each system set-up was recorded and the amount of water lost was
calculated.
Table 2: Water lost due to splashing test results

System Set-up | Initial Final Water Lost in Water Lost in
Wate Wate Head [m] Vol. [litres]
rLevel [m] rLevel [m]
Without Panel | 0.155 0.130 0.025 2.4050
With Panel 0.160 0.159 0.001 0.0962

The experimental procedure to find the amount of water lost due to
evaporation was performed and the results can be seen in Table 3. The initial and
final water levels were recorded,and the amount of water lost was calculated. The
test was conducted in Durban, South Africa, between 23 September 2021 and 21
October 2021. The average temperature, humidity and dew point during the testing
period was approximated based off data from TimeAndDate (2021).

Table 3: Water lost due to evaporation test results

Initial Final Water Water Average | Average | Average
Water Water Lost Lost in Temp. Humidit | Dew
Level [m] | Level i | Vol [°C] y[%] Point[°C]
[m] nHead [litres]
[m]
0.150 0.078 0.072 6.9264 20.5 76 15.5
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Analysis of the water loss tests yielded results that aided in predicting
expected water loss under different conditions. It could be seen that prior to the
addition of the front panel, the water lost due to splashes of water during operation
would have been significant, as it lost 0.025m of height in terms of water level.
Without additional water added, the reservoir would have lost approximately
0.065m head of water in 2.6 days, hence the pump would not be able to function
with a water level of 0.085m. The addition of the front panel significantly reduced the
amount of water lost due to splashing during operation. In contrast, it saved
approximately 96 % of the waterlost prior to the modification.

The water loss test regarding the water lost to evaporation showed one
example of the amount of water that could be lost given the conditions specified in
the test. This value is significant but is only applicable to specific scenarios as the
result was highly dependent on environmental factors such as the temperature,
humidity and dew point within a specific location and time range. Further testing in
operation would need to be conducted to determine if the added water in the form
of ice, as well as from naturally occurring rainwater would make up for the water
loss.

iii. Results and discussion for temperature test
The experimental procedure for the temperature test was performed twice and
theresults can be seen in Figure 5 and Figure 6. The time to taken to melt the
crushed ice at different water temperatures and the developed moving average
trendline in both tests isshown in Figure 5.

Time Taken to Melt Ice at Different Water Temperatures

Time Taken to Melt Ice [s]

0 5 10 15 20
Temperature of Water in Reservoir [°C]

Figure 5: Graph of time taken to melt ice at varying temperatures

The time taken to melt the 12mm ice layer at different water temperatures
and the developed exponential trendline in both tests is shown in Figure 6.
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Time Taken to Melt 12 mm Ice Layer at Different Water Temperatures
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Figure 6: Graph of time taken to melt 12mm ice layer at varying temperatures

Statistical analysis was conducted on the temperature test data for Test 1
and Test 2 withrespect to the recorded time readings. The results can be seen in
Table 4 and Table 5.

Table 4: Test 1 statistical analysis of temperature test

Time to Melt Ice [s] | Time to Melt 12mm Ice
Layer[s]
Mean 108.625 26.375
Variance 640.98 16.73
Standard Deviation (o) 25.32 4.09
Confidence Level (99%) 108.625 £ 23.058 26.375 + 3.726
Outliers 80, 78, 141, 145 20, 31

Table 5: Test 2 statistical analysis of temperature test

Time to Melt Ice [s] | Time to Melt 12mm Ice
Layer[s]
Mean 82.25 26
Variance 194.69 18
Standard Deviation (o) 13.95 4.24
Confidence Level (99%) 82.25 + 12.708 26 + 3.864
Outliers 67, 98, 110 20, 30, 33

Statistical analysis of the time taken to melt ice, corresponding to Figure 5,
Table 4, and Table 5, yielded the following results: the mean, variance and standard
deviation were 108.625, 640.98 and 25.32 respectively for Test 1 and 82.25, 194.69
and 13.95 respectively for Test 2. Hence, there were significant differences in the
calculated statistical values for Test 1 and Test 2 and such discrepancies could
have been attributed to environmental factors that weren’t considered or human
error. However, their respective trendlines as seen in the graphical representation
of the tests display similar trendlines, and thus those were used forfurther analysis.
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Statistical analysis of the time taken to melt the 12mm ice layer,
corresponding to Figure6, Table 4, and Table 5 yielded the following results: the
mean, variance and standard deviation were 26.375, 16.73 and 4.09 respectively
for Test 1 and 26, 18 and 4.24 respectively for Test 2. ltwas observed that both tests
yielded relatively consistent statistical values, and thus the data was used for further
analysis.

The tests conducted to analyse the effects of increasingly colder reservoir
water temperatures on the overall effectiveness of the system’s ability to melt ice
was useful. In the testconducted to see the time taken to melt the entire container
of ice, a similar graph shape was observed between both separately conducted
tests. This observation was confirmed by noting theidentical shape of both tests'
moving average trendlines. It could be observed that although the effectiveness of
the system’s ability to melt the container of ice was reduced with colder reservoir
temperatures, the differences were not of concern as it was never entirely or
practically ineffective. The difference in time was approximately one minute to melt
the ice in the container.

The temperature test also yielded results for the time it took to melt a 12mm
layer of ice in the container, and it showed that, at the warmest reservoir
temperature, it took an average of 20 seconds to melt, whereas at the coldest
temperature, it took an average of 30 seconds. These results are acceptable as the
rate of ice melting was decreased but did not make the defrosting system
ineffective.

CONCLUSION

The defrosting system design successfully developed and fulfilled the aims
and objectives of this research. The defrosting system was developed to use water
sprays as the method of defrosting based off conducted investigations. The physical
defrosting system was successfully constructed and used for independent testing.
Practical tests were conducted using the defrosting system on ice which
demonstrated that the system could reliably melt ice at varying water temperatures,
despite using an under-powered pump. Analysis of the water loss tests showed
that the defrosting system's water containment covers retained roughly 96% of
water that would have been lost due to splashes, thereby ensuring much of the water
could be recycled. The developed defrosting system should be an effective solution
to the predicament of frozen oxygen tank valves in hospitals and should
theoretically be a viable alternative to the hosing system employed by South African
hospitals currently.

The contributions of this research were achieved in the following ways:
e A defrosting system for hospital oxygen tank valves was developed that was
fundamentally different from the known solutions used generally by South African
hospitals and should meetrequired design specifications.
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e The defrosting system design ensured little water would be lost during operation
by use of awater pump, reservoir, and splash covers, as confirmed through
independent testing.

e The defrosting system design used a digital outlet timer to ensure that the pump
would autonomously operate at specified time intervals, thereby ensuring the
defrosting system would operate with minimal human input.

e The defrosting system design was comprised entirely from COTS components,
thereby reducing manufacturing and assembly complexity.
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