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1. Summary
The goal of this graduation thesis is to design a low-cost fluid warmer.
This is a medical device that warms blood and other liquids that are to be
transfused to prevent hypothermia in weak patients. This is done by doing
research on various ways of warming fluids and getting to know more
about blood transfusions, followed by making multiple variations of a
design and verifying these designs.
This research and design process was done in Kathmandu, Nepal, with
Field Ready. Local hospital Annapurna Neurological Institute was the main
stakeholder of this project. The design was made to be low-cost, and for
anyone to be able to put together. The design will become available on
open source websites. The design was made to be manufactured with
parts and production techniques available in Nepal.
It was concluded that it is possible to design a low-cost fluid warmer as
the design meets most requirements set in this thesis, however, multiple
tests still need to be done before the fluid warmer should be used to
warm human blood in a hospital setting.
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2. List of abbreviations and glossary
AHF – anti-haemophilic factor – This is a blood-clotting protein. When an
injury of a blood vessel occurs, this protein, together with other factors,
forms a blood clot to fix the damage.
ANI – Annapurna Neurological Institute
Cryoprecipitate – A blood product made from fresh frozen plasma. After
centrifugation the precipitate is collected.
Er. – Nepali abbreviation for engineer
FDM – Fused deposition modelling – a form of 3D-printing
Haemolysis – The destruction of red blood cells
ICU – Intensive care unit
IV – intravenous
NGO - non-governmental organisation
NPR – Nepalese Rupees
Temp – temperature
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3. Background
3.1 Introduction
The low-cost fluid warmer is a project that was established as high priority
project by preforming a needs-assessment in Annapurna Neurological
Institute in Kathmandu (ANI), Nepal. This needs assessment can be found
in appendix pg. 6. A proposal was written to ensure cooperation of ANI.
This can be found in appendix pg. 9. Kathmandu is also the place where
this graduate internship has taken place from September 2017 till January
2018 with a not for profit organization called Field Ready.

3.2 Nepal
Nepal is a mostly Hindu country between India and China in south-Asia
with a population of 29 million. Nepal houses 8 of the 10 highest
mountains in the world, but also has hills and flatlands. The main
language spoken in Nepal is Nepalese. Nepal is one of the poorest
countries in the world.

3.3 Field Ready
Field Ready is a non-governmental organisation (NGO) that provides
humanitarian aid by developing products that can be made and used in
the field. The main focus of Field Ready is 3D-printing. Field Ready works
in multiple countries around the world including Nepal, Haiti, USA, Syria
and Jordan.

3.4 Annapurna Neurological Institute
Annapurna Neurological institute (ANI) is a private hospital located in
Kathmandu Nepal. This hospital specialises in neurosurgery. The hospital
was founded in 2009 by doctor Basant Pant, who is a leading
neurosurgeon in Nepal. Figure 1 shows a collage of pictures taken at ANI.
Figure 1 - Annapurna Neurological Institute
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4. Problem definition
4.1 What is the problem?
When an emergency situation occurs during surgery, a blood transfusion
is often needed to replace lost blood and stabilize the patient. However,
blood is stored refrigerated. To prevent hypothermia and side effects of
hypothermia in this situation the blood needs to be warmed. This applies
during emergency blood transfusions, and furthermore to transfusions of
other fluids that may not be classified as an emergency situation. The way
blood is warmed at the moment is unsafe. Blood and fluid warmers exist
on the international market, but ANI cannot afford to buy one.

4.3 Desired solution
The desired solution for this problem is a fluid warmer that can warm
blood and other liquids to an acceptable temperature to prevent
hypothermia while transfusing at low cost.

4.1.1 How often does this problem occur?
In ANI this problem occurs 3 or 4 times a month. However, in hospitals
with an emergency room the problem occurs more often (Interview with
Er. Sonam Subba, 19-09-2017, appendix pg.11).

4.2 Current solution
The current solution that ANI uses to warm blood in emergency situations
is to use a warm water bath. They submerge the unit of blood in a bath of
warm water. It takes about 10 minutes to heat blood this way (Interview
with Er. Sonam Subba, 19-09-2017, appendix pg.11). Warming blood in
hot water can cause haemolysis (the destruction of red blood cells
(Medical Dictionary, 2017)). Haemolysis can be life-threatening (World
Health Organization Blood Transfusion Safety, 2002).

Figure 2 - Outside of ANI's fluid warmer

ANI has attempted to make a fluid warmer themselves (figure 2 and 3).
This fluid warmer has a heating element that can go up to 110˚C with no
safety precautions. This heating element is insulated with cardboard.

Figure 3 - Inside of ANI's fluid warmer
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4.4 5W2H
Using the 5W2H method in Figure 4, prior knowledge was charted.

Figure 4 - 5W2H Brainstorm
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4.5 Risk assessment
A risk assessment was conducted to see what the benefits and
risks are of this project. Table 1 shows a basic risk assessment with
positives and negatives, and table 2 shows a more in-depth risk
analysis.
These risk assessment where done to evaluate if this project was
worth undertaking or if the risks where too big for Field Ready to
find acceptable.
Field Ready has found the risk acceptable, however, this project
will be classed as a very high risk due to the possibility of serious
injury and death.
Table 1 - Positives and negatives of the current situation and a new solution

Table
Table2 2- Risk
- RiskIdentification
Identificationand
andevaluation
evaluation of a new fluid warmer
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5. Research
5.1 Introduction
This chapter will showcase the research that has been done to get a
greater understanding of the requirements the fluid warmer should
comply with. It also shows what fluid warming products are available on
the international market and how transfusions are performed.

5.2 Research questions
Main question:
Is it possible to develop a low-cost fluid warmer that can be manufactured
in Nepal, and is available on open source websites?
Sub questions:
How do blood transfusions work?
What is available on the market?
How does a fluid warmer work?
Where will the fluid warmer be used?
Which heating element should be used?
How can the fluid warmer be manufactured?

5.3 Sub question 1 – How do blood transfusions work?
5.3.1 Introduction
To know how a fluid warmer is implemented it is important to understand
how blood transfusions are carried out. This information is the
background knowledge to this project.

5.3.2 Method
-

Literature study
Observation
Interview

5.3.3 Results
Why do patients receive blood transfusions?
The main reason for blood transfusions are during a major surgery,
patients with serious injuries and patients with an illness that can cause
anaemia (Red Cross, Reasons People Recieve Blood Transfusions, 2017).
Paragraph 5.6.3 provides a more specific breakdown.
A patient in ANI will receive a blood transfusion if their haemoglobin
levels are below 8 g/dl (Er. Kishor Bhandari, 11-10-2017, log, appendix
pg.4). This conforms with the standard for critically ill patients, who get a
transfusion if their haemoglobin level is in the range of 8-8.5 g/dl (Samir
M Fakhry, 2004).
Protocol for blood transfusions
The protocol for blood transfusions is broken down in 8 steps (AM Harris,
2012).
1. Get the patients consent
The patient should be informed of all the benefits and risks of receiving a
transfusion. In an emergency situation, where the patient is not capable
of giving consent, a choice must be made in the patient’s best interests.
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2. Identify the patient
All patients receiving a transfusion must be identified before proceeding.
This can be done via the wristband that is attached to the patients’ wrist.
3. Prescribing the blood
A prescription of a doctor is needed to transfuse blood.
4. Testing patients’ blood samples
A blood sample must be tested to make sure the patient and donor are
compatible. Labelling this sample correctly is very important.
5. Requesting the blood
The request must include patient information, the diagnosis of the patient
and relevant procedures. The request may be done by medical and nonmedical staff. Staff identification of the staff member making the request
must also be included in the request.
In emergency situations when the is no time for testing of blood samples,
the patient will receive a unit of O-negative.
6. Preparing the patient and collecting the blood
The patient must be ready to receive the transfusion. Check patient
information and make sure the right blood is being collected.
7. Start the transfusion
Final check making sure the patient is receiving compatible blood.

At Annapurna neurological institute there is no transfusion protocol in
place (Dr. Basant Pant, 13-10-2017, log, appendix pg. 4) (Er. Kishor
Bhandari, 10-10-2017, log, appendix pg. 4). They do however follow
transfusion guidelines (Dr. Basant Pant, 13-10-2017, log, appendix pg.4).
Where would a fluid warmer fit in?
Depending on which type of fluid warmer is used, the unit of blood will be
warmed in a water bath before being administered, or the fluid warmer
will be added onto the IV-line before going directly into the patient.
Flowrate
During a rapid infusion, which may happen during an emergency situation
or surgery, the infusion rate can range from 6000 to 30000 ml/h (AM
Harris, 2012). This is however not very common during neurosurgery. The
maximum flowrate of the fluid warmer may therefore be 6000 ml/h.

5.3.4 Conclusion
ANI does not have a blood transfusion protocol. A protocol is
recommended for safe and efficient blood transfusion.
Requirements:
-

The field ready fluid warmer must be able to heat blood at a flow
rate of 6000 ml/h (100 ml/min).

8. Monitoring the patient
The patients pulse, temperature, blood pressure and respiratory rate
must be monitored. Starting with a baseline. If there is significant change
after 15 minutes, stop the transfusion. Monitor the patient the next 24
hours.
(AM Harris, 2012)
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5.4.3 Results

5.4 Sub question 2 – What is available on the market?
5.4.1 Introduction
A fluid warmer is a medical device that is already available on the market.
In the following chapter the fluid warmers that are available will be listed.
The types of fluid these devices can warm will also be listed.

5.4.2 Method
-

Literature
Interview
Market research
- Brand
- Price
- Heating technique
- Accuracy
- Minimum temperature
- Maximum temperature
- Maximum flow rate
- Heating time

Fluid warmers in Nepal
There are no fluid warmers available on the market in Nepal. Fluid
warmers can be imported (dr. Basant Pant, 13-10-2017, log, appendix
pg.4).
Import costs
The cost of importing medical equipment into Nepal is very high. To the
cost of the product, the following is added:
20% for the international Distributor
20% for the regional distributer, located in Singapore
20% for the Indian distributer
20% for the Nepali distributer
(Dr. Basant Pant, 13-10-2017, log, appendix pg.4)
The price of all imported medical equipment increases by 80%.
To be able to import in Nepal a bribe is needed for a custom agent; “no
bribe, no import”. The legal cost of paying the custom agent is 585 NPR
(Nepalese Rupees), but they will ask a minimum of 5000 NPR ($50).
Depending on the value of the product being imported, the price will go
up (Ram Chandra Thapa, 07-11-2017, log, appendix pg.4).
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Fluid warmers on the international market
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Market placement
Field Ready wants the fluid warmer to be easily accessible. After
discussion with the Field Ready team (27-09-2017, LOG, appendix pg.4)
there was decided that the price of the fluid warmer should not exceed
$75 US dollars. All Field Ready products are open source, and the fluid
warmer should be to. $75 is the maximum cost of all the parts, but does
not include machines and tools needed and labour costs of assembling
the fluid warmer. A drawback from having the end user manufacture the
product is added risk of incorrect assembly and user malfunction.

What fluids do these fluid warmers warm?
A fluid warmer warms fluids that are infused into the patient. Examples of
fluids warmed are intravenous solutions, blood products and whole blood
(Health Devices, 1996).
Intravenous solutions
Intravenous solutions are used to replace fluid losses, treat electrolyte
imbalances and maintain fluid balances. Common IV fluid solutions are:
-

Dextrose in water
Saline
Dextrose in saline
Electrolyte solutions

(ATI nursing education, 2017)
Dextrose in water is stored at room temperature (25˚C) (health.gov,
2017).
Saline is stored at room temperature (between 15˚C and 30˚C) (Ogbru,
2017).
Dextrose in saline is stored at room temperature (25˚C) (Baxter
Healthcare Corporation, 2017).
Electrolyte solutions are stored at room temperature (25˚C) (Hospira,
2017).

Figure 5 Market placement

Whole blood
The most common type of blood donation is whole blood (American Red
Cross, Types of donations, 2017). Whole blood consists of red and white
blood cells, platelets and plasma (Merriam-Webster Medical Dictionary,
2017). It is transfused during surgeries and in cases of trauma (American
Red Cross, Blood Components, 2017). Whole blood is stored refrigerated
17
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between 1˚C and 6 ˚C (Requirements for Storage, Transportation and
Expiration, 2016).

fluids are stored at in 1˚C, so this will be the start temperature for the
tests.

Blood products
There are four different transfusable components in whole blood. These
components are red cells, platelets, plasma and cryoprecipitated AHF.

An effort has been made to obtain animal blood for testing. Using blood
for anything is not possible in Nepal due to cultural differences (Ram
Chandra Thapa, 15-12-2017, log, appendix pg.4). There is no stigma to
obtaining animal blood in The Netherlands, it is however subjected to a
very short time frame in which it can be used. Animal blood (and pigs’
blood) coagulates very quickly after butchering the animal and was
therefore not available (Michiel, 05-01-2018, log, Appendix pg.5).

Red cells are used in cases of trauma, anaemia, surgery, blood loss and
certain blood disorders. They are between 1˚C and 6 ˚C.
Platelets are used during cancer treatments, organ transplants and
trauma. They are stored between 20˚C and 24˚C with continuous gentle
agitation.
Plasma is used in cases of shock, bleeding disorders and burn patients. It
is stored frozen at -18˚C or -65˚C.
Cryoprecipitated AHF is used on patients with Von Willebrand disease,
haemophilia and as a rich source of Fibrinogen. It is stored at -18˚C.

Heating time
The average heating time of the fluid warmers is ((120+40+60+5+720)/
(5)) =189 seconds. This is the average over all types of fluid warmer. The
average heating time of the dry heat fluid warmers is ((60+40+120)/ (3)) =
73 seconds.
The Field Ready fluid warmer should be able to match these times or be
less.

(American Red Cross, Blood Components, 2017) (Requirements for
Storage, Transportation and Expiration, 2016)
Annapurna neurological institute
At ANI the fluid warmer will be used to warm whole blood during blood
loss in emergency situations and blood loss during surgeries. (interview
with Er. Sonam Subba, 19-09-2017, appendix pg.11). During winter, the
fluid warmer will also be used to warm intravenous solutions (dr. Basant
Pant, 13-10-2017, log, appendix pg.4).
Testing
Whole blood and blood products are scarce. Therefore, in the initial
testing phase, blood will be substituted with water. This is specified in the
standard specification for fluid warmers. The minimum temperature the
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5.4.4 Conclusion
To import a fluid warmer in to Nepal, the cost of the device would go up
by at least 80%. For this reason, the device should be manufactured in
Nepal.
ANI will use a fluid warmer to warm whole blood and saline solution. This
will be done in emergencies and in the colder winter months.

5.5 Sub question 3 – Which technical principles can be used to
warm blood?
5.5.1 Introduction
To understand how a fluid warmer works, research was done on different
ways this is done in products that are available on the market.

5.5.2 Method

Test will be executed with water.

-

Requirements:

5.5.3 Results

-

-

All parts needed to produce the fluid warmer must cost less than
$75 in total.
The fluid warmer must be open source.
Average heating time is 189 seconds ((120+40+60+5+720)/ (5))
=189 seconds). The Field Ready fluid warmer must be ready for
use (35.2˚C) in 189 seconds or less.
The fluid warmer must be produced in Nepal to avoid 80%
increase in price and $50 import cost.
The fluid warmer must be able to heat water from 1˚C to 37˚C
The fluid warmer must be able to heat whole blood from 1˚C to
37˚C

Literature study

What temperature should the transfusion be heated to?
Whole blood should be warmed to body temperature (37˚C) (interview
with Er. Sonam Subba, 19-09-2017, appendix pg.11). The American
Association of Blood Banks limits the maximum temperature of blood
warmers to 42˚C (Herron DM, 1997).
Blood heating techniques
There are four common blood warming techniques.
-

“Dry heat
Counter current heat exchange
Thermostatically controlled water bath
In-line microwave”

(AABB, PDF: Guidelines for the use of blood warming devices, 2017)

19
Thesis by Marjolein van der Male

Dry heat:
Dry heat is a technique that makes use of a heating element that heats
the blood through the IV line and has no direct contact with the blood.
Counter current heat exchange:
This way of heating blood uses dry heat as well, but warming one side of
the IV line and with this heated part of the IV line warming other parts of
the IV line. This technique is derived from biomimicry of penguins’ feet.
Thermostatically controlled water bath:
This technique is close to what ANI uses to heat blood now. It is however,
safe and controlled. This technique includes a bath of water which is
heated to a specific temperature.

5.5.4 Conclusion
There are 4 different methods of warming blood. Dry heat is one that can
be replicated in Nepal.
The blood must be heated to 37˚C and must never exceed 42˚C.
The biomedical engineers at ANI would be using the fluid warmer, but if
the product is simple enough to be used by doctors and nurses that would
be a big plus.

-

In-line microwave:
In-line microwave is a heating technique that uses the same technique as
a microwave to warm blood. This is a relatively new technique and there
hasn’t been much testing on negative effect of heating blood this way.

-

The fluid warmer must heat the fluid to 37˚C
The maximum temperature the fluid can be heated to must not
exceed 42˚C
The fluid warmer warms blood via the heating technique “dry
heat”
Doctors and nurses must be able to use the fluid warmer after a
15-minute instruction session.

Dry heat is the most commonly used technique and can be made with
heating elements on the market in Nepal.
Who operates the fluid warmer?
At ANI the fluid warmer will be operated by biomedical engineers
(interview with Er. Sonam Subba, 19-09-2017, appendix pg.11). Blood
transfusions are typically given by doctors and nurses (Red Cross, The
Process, 2017), and Field Ready wants them to be able to use the fluid
warmer as well.
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5.6 Sub questions 4 – Where will the fluid warmer be used?
5.6.1 Introduction
The main place the fluid warmer will be used is in ANI. This chapter shows
where in the hospital the fluid warmer will be used, but also other
hospitals where this product may or may not be useful.

5.6.2 Method
-

Interview
Observation

5.6.3 Results

Hospitals in Kathmandu often have reliable power and backup generators.
In other hospitals and health posts outside of Kathmandu a reliable power
source may not be available.
A needs assessment was conducted in a rural health post in a rural village
in Sarlahi and the district hospital in Malangawa. The result of these
needs assessment was that both are not in need of a fluid warmer. This is
due to no adequate equipment in both places. The conditions in the
hospital where so bad that people tend to avoid it in favour of a different
hospital much further away. Figure 6 shows the hospital’s emergency
room. A report of this needs assessment can be found in appendix pg.12.

In ANI the fluid warmer will be used in an operating theatre and ICU. The
fluid warmer does not need to be sterile, but the surface should be easily
cleanable (interview with Er. Sonam Subba, 19-09-2017, appendix pg.11).
This may be different is the device is used in a 1st world country.
Using the fluid warmer in an operating theatre means that the fluid
warmer should always be safe to handle. The outside temperature of the
fluid warmer can be warm to the touch, but not hot. Insulation may be
needed to stop the outside of the fluid warmer from heating too much.
The fluid warmer cannot be in direct contact with the fluids without
complete sterilization of the parts that come in contact with the fluid. This
can be possible by using an autoclave sterilizer, but 3D prints printed on a
normal printer will never be completely sterile because of bacteria stuck
between the layers. A sterile 3D printer printing in a sterile environment
could achieve a completely sterile product. Field Ready does not want to
take the risk of having blood in direct contact with a 3D print. This means
the product will have to be an in-line fluid warmer. The fluid will be
heated through the IV line.

Figure 6 - Emergency room in Malangawa district hospital. There
is no equipment to treat injuries.
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5.6.4 Conclusion
The fluid warmer should be safe to handle, but in Nepal it is not necessary
that the device is sterile.
The district hospital in Malangawa and the health post in Sarlahi had no
need for a fluid warmer.
-

Easily cleanable surface
No direct contact with fluids
Wish: The fluid warmer can work on different power sources.

5.7 Sub question 5 – Which heating elements are is available?
5.7.1 Introduction
One of the most important components of the fluid warmer is the heating
element. There are different kinds available on the Nepali market and this
chapter delves into that.

5.7.2 Method
-

Market research
Test

5.7.3 Results
There are multiple heating elements available on the Nepalese market.
Most heating elements are used for boiling water.
Heating element 1 (immersion heater)
This is the most commonly available heating element on the market. This
is used to boil water. The average price is between €10 and €15. This
heating element has a wattage of 1500W. Immersion heaters are on
average 300mm in length.

Figure 7 - Immersion heater (Daraz, 2018)
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Heating element 2 (heating rod)
This heating rod is also available on the Nepali market for 600NPR (€4.91).
It has a wattage of 150W. A test was conducted to for the maximum
temperature. This can be found in appendix pg.14 The maximum
temperature for this heating element is more than 110˚C. This heating
element is 150mm in length with a diameter of 12mm.

5.7.4 Conclusion
There are several heating elements available on the Nepali market. They
may not be available in other countries.
Wish:
-

Interchangeable heating element

Figure 8 - Heating rod

Availability
For the fluid warmer to be implemented in Nepal, both mentioned
heating element could work. However, if this fluid warmer was to be
implemented in other countries, these heating elements might not be
available.
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5.8 Sub question 6 – How can the fluid warmer be made?
5.8.1 Production technique
FDM 3D-printing
The production technique for manufacturing the fluid warmer is 3Dprinting. Field Ready has chosen this technique as their main
manufacturing technique because of its deploy ability and versatility. FDM
3D printing is most commonly used and widely available in Nepal. The
main benefits of 3D-printing the fluid warmer are:
- Easily open source
- Low initial cost
- Low investment cost
- Low replacement cost
- Allows fluid warmer to be modular
- Allows easy customization/branding
- Can be produced anywhere in the world
The negatives of 3D-printing the fluid warmer are:
- Lower durability
- Hospitals needs to own a 3D-printer or Field Ready needs to print
the fluid warmer for them
- A hospital employee with 3D-printing experience is needed to
produce the fluid warmer
- Post production surface finishing may be needed to make the
fluid warmer usable in a hospital environment
- Maximum dimensions of parts are 25.5cmx20.5cmx20.5cm.

5.8.2 Materials
Casing
There are two different material filaments widely available in Nepal, ABS
and PLA. Both filaments are priced the same at 4200NPR9 (€34.34) per
KG.
ABS
Benefits:
- Stronger than PLA
- Higher melting point than PLA
- Can be treated with acetone to provide smooth, cleanable surface
- More durable that PLA
Negatives:
- Higher chance of warping during print
PLA
Benefits:
- PLA is biodegradable
- Easier to print
- No toxic fumes while printing
- Prints have a smoother finish
- Can be treated with epoxy for a smooth, cleanable surface
Negatives:
- Lower melting point than ABS
- PLA becomes pliable at 60˚C
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Insulation
Insulation may be needed to prevent the outside from the fluid warmer
from becoming too warm and to keep the temperature around the IV-line
up.
Styrofoam
Benefits:
- Easily available
- Cheap
Negatives:
- Will soften at 100˚C
PE foam
Benefits:
- Cheap
- Available in Nepal
Negatives:
- Low melting point at 80˚C
Floor foam
This foam is sold in Nepal in most stores.
Benefits:
- Easily available
- Very cheap
Negative:
- Low melting point

Fluid path
The fluid path is the area of the fluid warmer in which the IV line is placed.
This area is crucial for heating the fluid. This path will be heated by the
heating element and must conduct heat well.

Copper
Benefits:
- High thermal conductivity
- Available in Nepal
- Relatively cheap
Negatives:
- Not easy to find in sheet form
Aluminium
Benefits:
- High thermal conductivity
- Cheaper than copper
- Lighter than copper
- Available in Nepal
Negatives:
- Thermal conductivity not as high as copper
Silver
Benefits:
- Very high thermal conductivity
Negatives:
- Expensive
- Not easily available in Nepal

5.8.3 Conclusion
Field ready has 3D printing as its main production technique. Both ABS
and PLA filament are 4200NPR. ABS has a higher melting point.
Although easily available in Nepal, most foams have low melting point.
Wish:
-

Parts of the fluid warmer to be 3D-printed

25
Thesis by Marjolein van der Male

6. Requirements
The following requirements are from the research in chapter 5 and
standard specifications. To bring the fluid warmer onto the international
market it needs to comply with all the requirements from the Standard
Specification for Blood/Intravenous Fluid/Irrigation Fluid Warmers F217202 (Reapproved 2011).
Requirements from the standard specification and their tests are direct
quotes from the Standard Specification for Blood/Intravenous
Fluid/Irrigation Fluid Warmers F2172-02.
This list does also include wishes. These are good to add, but not
necessary for the success of the fluid warmer.
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7. Design
7.1 Introduction
The following chapter will include calculations, sketches, 3D-CAD models,
prototypes and more. The subproblems will result in multiple viable
options as a solution. While designing the casing the best solution for that
specific design will be chosen from these options.

7.2 Main and subproblems
The main problem is the casing. To design the casing multiple
subproblems need to be resolved first:
-

How hot would the fluid warmer need to be to heat the fluids to
37˚C in 25 cm?
IV-line layout
Electronics
IV pole connection

The casing will be designed followed by the assembly of the casing.

33
Thesis by Marjolein van der Male

7.3 Subproblem 1: How hot would the fluid warmer need to be
to heat the fluids to 37˚C in 25 cm?
7.3.1 Introduction
The fluids need to be warmed to 37˚C. These calculation shows how long
it will take to heat the different fluids with a heating element at 37˚C, and
how many cm of IV line is needed to heat the fluids to this temperature.
The two fluids that are most commonly used are saline and whole blood

7.3.2 Formulas
Formulas needed to calculate this are:
𝑄̇ =

𝑇1 − 𝑇2
𝑅

∆𝑇2 =

R = Thermal resistance K/W (kelvin/ watt)
Cp = Heat capacity in J/K (joule/kelvin)
l = length in m= 0.001 m
k = Thermal conductivity of blood in W/mK (watt/meter kelvin)= 0.52
W/mK (IT IS Foundation, 2017).
cp = specific heat of blood in J/kgK (joule/kilogram kelvin) = 3594 J/kgK
(Blake, Petley, & Deakin, 2000)
A = Area of heat conduction
m = mass in kg (kilogram)
d = Diameter in mm = 2.5 mm
Δ = Increment
t = time in s (second)
ρ = density of blood kg/m³ ( kilogram /cubic meter)= 1060 kg/m³
(Shmukler, 2017)

𝑄 ̇ ∙ ∆𝑡
𝐶𝑝

𝑅=

𝑙
𝑘𝐴

𝐶𝑝 = 𝑐𝑝 ∙ 𝑚
𝑚 = 𝐴 ∙ 𝑙 ∙ 𝜌𝑏𝑙𝑜𝑜𝑑
𝑇2 𝑁𝑒𝑤 = 𝑇2 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 + ∆𝑇2
𝑑
𝐴 = ( )²𝜋
2
𝑣=

𝑉̇
𝐴

Q̇ = Heat transfer rate in W (watt)
T1 = Outside temperature (temperature of the heater) = 37˚C
T2 = Inside temperature (temperature of blood before heating) = 1˚C
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7.3.3 Calculations
Appendix pg.20 shows the calculations made with the heating element at
37˚C.
The temperature of the blood is 35.4˚C after 21 seconds.
When the temperature of the heating element is 37˚C, it will take 21
seconds to heat the blood to an acceptable temperature.
At a flow rate of 100ml/min each second equals 34.6cm of IV line needed
to heat the blood.
34.6 ∙ 21 = 727𝑐𝑚
Table 3 shows how much IV line is needed at each temperature
calculated.
727 cm is not an acceptable number.

Table 3 - CM of IV line needed at a flowrate of 100ml/min with
the heating element at 37˚C
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The maximum allowable temperature of the blood is 42˚C. To cut down
on heating time the heating element will be turned up to 42˚C while the
output still has a maximum of 37˚C. This can be calculated with the same
formulas, changing T1 from 37˚C to 42˚C.
The temperature of the blood is 36.7˚C after 14 seconds.
When the temperature of the heating element is 42˚C, it will take 14
seconds to heat the blood to an acceptable temperature.
Table 4 shows that at a flow rate of 100ml/min, it would still take 484 cm
of IV line to heat the blood to an acceptable temperature. This is not an
acceptable number.

Table 4 - CM of IV line needed at a flowrate of 100ml/min with
the heating element at 42˚C
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Table 1 - CM of IV line needed at different flowrates with the heating element at 42˚C

Table 5 – Cm of IV line needed at different flowrates with the heating element at 42˚C

The last variable is the flowrate. Table 5 shows the cm of IV line needed to
heat the blood at different flowrates. The cm of IV line is calculated in
appendix pg.25.

The IV tube can only be inside of the fluid warmer for a maximum of 25
cm (Er Kishor Bhandari, 20-11-2017, LOG, appendix p.4 ). The yellow
numbers in table 5 show that the blood, even at the slowest flowrate will
still only heat up to 28.3˚C.
The heating element needs to be hotter to be able to heat the blood to an
acceptable temperature.
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Table 6 is calculated with the heating element at 50˚C. Calculations can be
found in appendix pg.28.
It shows that with the heating element at 50˚C it is possible to heat the
blood to an acceptable temperature with a flowrate of 8.5 ml/min.

Table 6 - CM of IV line needed at different flowrates with the heating element at 50˚C
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Table 7 is calculated with the heating element at 60˚C. Calculations can be
found in appendix pg.31.
With the heating element at 60˚C it is possible to heat the blood to an
acceptable temperature with a flowrate of 10 ml/min.

Table 7 - CM of IV line needed at different flowrates with the heating element at 60˚C
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Table 8 is calculated with the heating element at 70˚C. Calculations can be
found in appendix pg.33.
With the heating element at 70˚C it is possible to heat the blood to an
acceptable temperature with a flowrate of 15 ml/min.

Table 8 - CM of IV line needed at different flowrates with the heating element at 70˚C
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Table 9 is calculated with the heating element at 80˚C. Calculations can be
found in appendix pg.35.
With the heating element at 80˚C it is possible to heat the blood to an
acceptable temperature with a flowrate of 15 ml/min.
These calculations were also done for the heating element at 90˚C. The
calculations can be found in appendix pg.37.
After consultation with the Field Ready Nepal team (27-11-2017, LOG,
appendix pg.4), it was decided that 80˚C is the maximum temperature for
the heating element, because of risk of overheating.

Table 9 - CM of IV line needed at different flowrates with the heating element at 80˚C
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7.3.4 Conclusion
Table 10 shows the advised temperature of the heating element at
different flowrates, and what the output temperature of the blood will
be.
Because the temperature of the heating element is hotter than the
temperature that the blood can maximally get, there needs to be an extra
sensor monitoring the output temperature of the blood. This is to prevent
the blood from overheating, especially with different flowrates. The
sensor can’t be in contact with the blood, so a test needs to be done
comparing the outside temperature of the IV line with the temperature of
the blood (during testing this will be water).

All the calculations have been checked by Kieran Ram, design associate at
Field Ready who has a degree in mechanical engineering.
These calculations do not account for the drag of the fluid at the sides of
the tube and the temperature difference this created within the fluid. This
could affect the reading of the second temperature sensor.
These calculations are an estimate. The actual temperature of the blood
could differ due to a different the temperature in the room, humidity,
different starting temperature and other variables. This needs to be taken
in account when seeing these temperatures.

The fluid warmer will not be able to meet the requirement of warming
the blood to 37˚C at a flowrate of 100ml/min with the heating element at
80 ˚C.

Table 10 - Advised temperature of the heating element at different flowrates
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7.4 Subproblem 2: IV Line layout
7.4.1 Introduction
The layout of the IV line is the way the IV line will go through the fluid
warmer. It is important that the layout does not interfere with the
flowrate.

7.4.2 Heating element
Introduction
The IV line can be wrapped around the heating element. This will
eliminate the need for an extra part.
Solution 1
Sketches
Figures 9 and 10 show sketches from a brainstorm about his solution

Figure 10 - Sketch 2 from brainstorm

Feedback
Kieran Ram gave the following feedback when asked about this solution:
“With the heating element sticking out of the fluid warmer and an hospital
employee physically needing to wrap the IV line around it I think the
chances of burns are really big. I don’t think this method would be
appropriate for the fluid warmer, it doesn’t seem intuitive.”

Figure 9 - Sketch from brainstorm

Conclusion
This method is not easy in use due to high chances of burns. A different
solution will be needed.
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7.4.3 Metal plate
Introduction
Using a metal plate to disperse the heat of the heating element a larger
surface area is created for the IV line to sit on.

Prototype & test
A piece of cardboard was used to test different radiuses for the bends; 3,
4 and 5 mm. This is shown in figure 12.

Solution 1
Sketches
Figure 11 shows sketches from a brainstorm about this solution. This
solution was chosen from a bigger brainstorm about heating the IV line.
These options can be found in appendix pg.38.

Figure 12 - Solution 1 test

Conclusion
All the different radiuses used in the test have the IV-line fold over on
itself, compromising the flow. The radius of the bends needs to be bigger
to prevent this.

Figure 11 - Sketches solution 1 brainstorm
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Solution 2
By using clamps instead of pins, the IV line can be held in place without
the line bending over on itself.
Prototype and test
Figure 13 shows a metal prototype of the clamp. Figure 14 shows a
cardboard prototype that proves the IV line can be lead through these
clamps without bending.

Figure 14 - Cardboard prototype

Figure 13 - Metal prototype of the fluid path

Conclusion
These clamps can lead the IV line through the fluid warmer without it
bending, as long as the positioning of the clamps isn’t too close together.
The IV line in the cardboard prototype is longer than 25cm, there needs to
be a different solution with the same clamps.
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Solution 2.1
By having the IV tube go in and out of the fluid warmer on the same side,
the room the metal plate will take up will be minimised.
Prototype and test
Figure 15 shows the path of the IV line and figure 16 shows how the IV
line behaves on this track.

Figure 16 - IV line on the path of solution 2.1

Conclusion
The IV line in figure 16 kinks and this solution won’t be usable in the fluid
warmer. If the bend is wider, it might be usable.

Figure 15 - Path of the IV line of solution 2.1
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Solution 2.2
Solution 2.2 is a variation on solution 2.1, to widen the bend to prevent
the IV line from bending and closing itself.
Prototype and test
Figure 17 shows the path of the IV line and figure 18 shows how the IV
line behaves on this track.

Figure 18 - IV line on the path of solution 2.2

Conclusion
The IV line in figure 18 goes around the bend without trouble. This is a
suitable solution, but takes up a lot of room in the fluid warmer due to
the wide bend.
Figure 17 - Path of the IV line of solution 2.2
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Solution 2.3
Solution 2.3 has the IV line come out of the fluid warmer opposite the
side the IV line went in. The extra bend decreases the width the fluid
warmer needs to be.
Prototype and test
Figure 19 shows the path of the IV line and figure 20 shows how the IV
line behaves on this track.

Figure 20 - IV line on the path of solution 2.3

Conclusion
Like with solution 1, the bends are to small causing the IV line to kink,
disrupting flow. This solution is not suitable.

Figure 19 - Path of the IV line of solution 2.3
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Solution 2.4
Solution 2.4 is a loop that will minimise the space the IV line takes up in
the fluid warmer.
Prototype and test
Figure 21 shows the path of the IV line and figure 22 shows how the IV
line behaves on this track.

Figure 22 - IV line on the path of solution 2.4

Figure 21 - Path of the IV line of solution 2.4

Conclusion
The IV line can follow this path without trouble, and there is no need for
clamps to hold the IV line in place apart from the place where the IV line
enters and exits the fluid warmer. A question that needs to be answered
in further testing is; will the loop disrupt the flow and/or flowrate?
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Solution 2.5
Solution number 2.5 is a variation on the solution in 2.4, with the output
lower than the input, which may improve the flow.
Prototype and test
Figure 23 shows the path of the IV line and figure 24 shows how the IV
line behaves on this track.

Figure 24 - IV line on the path of solution 2.5

Figure 23 - Path of the IV line of solution 2.5

Conclusion
The solution in 2.5 works the same way the solution in 2.4. Further testing
with different variations of this design is needed to prove that the loop
will not affect flow.
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Test
The following test was executed to figure out if the path of the IV line
influences the flowrate.

Materials:
- 0.5 litre of water
- 2 water bottles (1L)
- IV line with flow regulator
- Scale
- Stopwatch
Method:
Figure 25 shows the test setup.
0.5 litre of water will be added to the top bottle. The flow regulator will
regulate the flow to be 2 different flowrates; 50 and 100 ml/min. A
baseline will be established with each flowrate. Then different variations
of solutions 2, 4 and 5 will be added at 2 feet. The flow will be timed to
measure the difference between each solution and compare that to the
baseline. If the difference is greater than 5% of the flowrate the solution is
not usable because the flowrate will not be close enough to the flowrate
the doctors prescribe for the patient. Photos of this setup can be found in
appendix pg.39.

Figure 25 - Test setup
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Solution 2 & 2.1
Figure 26 shows the variations of the solution, table 11 shows the results
of the test performed with a flow rate of 100ml/min and table 12 shows
the results of the test performed with a flowrate of 50ml/min.
Conclusion
Solution 2.1 goes over the maximum difference at 15% therefore, it
influences the flow rate too much to be used. Solution 2 has passed the
test and can be used.

Figure 26 - Solution 2 & 2.1

Table 11 - Solution 2&2.1 - 100 ml/min

Table 12 - Solution 2&2.1 – 50 ml/min
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Solution 4 & 4.1 & 4.2
Figure 27 shows the variations of the solution, table 13 shows the results
of the test performed with a flow rate of 100ml/min and table 14 shows
the results of the test performed with a flowrate of 50ml/min.
Conclusion
Solution 4, 4.1 and 4.2 al pass this test.

Figure 27 - Solution 4, 4.1 & 4.2

Table 13
Solution4&4.1&4.2
4, 4.1 & 4.2
- 100ml/min
2 - -Solution
– 100ml/min

Table 14 - Solution 4, 4.1 & 4.2 - 50ml/min
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Solution 5 & 5.1 & 5.2
Figure 28 shows the variations of the solution, table 15 shows the results
of the test performed with a flow rate of 100ml/min and table 16 shows
the results of the test performed with a flowrate of 50ml/min.
Conclusion
Both solution 5 and 5.1 pass the test.

Figure 28 - Solution 5 & 5.1

Table 15 - Solution 5 & 5.1 - 100ml/min

Table 16 - Solution 5 & 5.1 - 50ml/min
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Solution 6
Solution 6 was added later, due to new design needs.
Figure 29 shows the variations of the solution, table 17 shows the results
of the test performed with a flow rate of 100ml/min and table 18 shows
the results of the test performed with a flowrate of 50ml/min.
Conclusion
Solution 6 passes this test.

Figure 29 - Solution 6

Table 17 - Solution 6 - 100ml/min

Table 18 - Solution 6 - 50ml/min
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7.4.4 Materials and manufacturing
Copper is the most conductive metal and would be ideal as the metal
plate. This material is available in Nepal and is easy to work with.
A sheet of copper that is 0.5mm thick or less can be cut with scissors,
therefore people putting together the fluid warmer won’t need
specialised equipment. A template can be downloaded and stuck on top
of the sheet for easy cutting. The clamps can also be easily bended with a
sheet of 0.5mm thickness and a template. These pieces can be stuck
together on the designated places with a heat resistant epoxy adhesive.
Super glue, or other easily available adhesives could be used, but are not
as heat resistant and could be compromised over time.

7.4.5 Conclusion
The following solutions could be implemented:
- Solution 2
- Solution 4
- Solution 4.1
- Solution 4.2
- Solution 5
- Solution 5.1
- Solution 6
Solution 2.1 did not pass the test. Due to the big difference in ml in this
test this could be because of operator error.
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7.5 Subproblem 3: Electronics
7.5.1 Introduction
To make the fluid warmer open source, the electronics also need to be
open source and easily available. This can be achieved by using an
Arduino board to operate the fluid warmer. Arduino is available in Nepal,
and in most other countries around the world. The code can be open
source while providing instructions on how to install all the components.

7.5.2 Components
The different components needed are:
Arduino Nano
The reason there was chosen for the Arduino Nano is because the
Arduino Nano is a lot smaller that an Arduino Uno or Mega and is able to
provide a comparable functionality. There are not many pins needed, and
other Arduinos may have an excessive amount of pins while being more
expensive.
LCD Screen
A screen is needed for the user to be able to monitor the output
temperature and the user to set a temperature and/or flowrate.
Potentiometer
The potentiometer is used to set a temperature and/or flowrate.
Buzzer
The standard specification calls for an audible alarm, and the buzzer
provides this.
LED
The standard specification calls for a visible alarm, and he led provides
this.
Heating element
As discussed in earlier chapters ,the heating element will provide the heat
to warm the blood.

220V plug
This plug is needed to power the heating element.
Resistor
A resistor is needed to make the heating element less powerful to have
better control over the temperature.
Temperature sensor 1
The first sensor is needed to monitor the temperature of the heating
element.
Temperature Sensor 2
Sensor 2 is needed to monitor the output temperature of the blood.
After talking with Sudip Phuyal, Co-founder and CEO of the Robotics
Academy of Nepal, (LOG, appendix pg.5) the decision was made to also
use the following parts.
- Rotary encoder instead of potentiometer
- Relay
- Board for soldering
- Voltage regulator
A detailed instruction on how the Arduino should work was written
(appendix pg.40) and writing of the Arduino code was then outsourced to
Sudip Phuyal. The Arduino parts were soldered onto a board. This was
not discussed, and the Arduino therefore did not fit in the 1st casing. The
decision was made to change the casing to include the board because
soldering the Arduino part onto the board makes the chances of the
Arduino malfunction less. This is due to the good connections between
parts.
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7.5.3 Block diagram

58
Thesis by Marjolein van der Male

The outside temperature of the IV line may differ from the temperature
of the blood that is traveling through. To make sure there is an accurate
temperature reading at sensor 2 a test must be conducted.
While measuring temperature of the outside of the IV line at sensor 2, the
output temperature of the fluid is also measured. The two temperatures
must be compared, and the difference must be recorded. Figure 30 shows
a testing setup.
The suggestion is made to perform this test before starting tests with
blood.

Figure 30 - Test setup
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7.5.4 Test
The code was checked by going through the code to see if all the features
added in the instructions were met. This was done with Kieran Ram.

7.5.6 Conclusion
The code written by Sudip is very messy and needs to be revised. An LED,
buzzer and thermal fuse were added as safety features.

Kieran Rams was asked what his thoughts on the code are:
“The code is very messy. It is very hard to follow along with what he has
written, and some parts don’t make sense. The code does work. I would
suggest that someone else rewrite the code to make sure that the code is
neat and logical, and that a chance of failure do to us overlooking a
function in the code is smaller.”

7.5.5 Safety features
The code is written to have a LED and a buzzer included. If the
temperature of the 2nd temperature sensor (monitoring the blood
temperature) goes over 37˚C the light and the buzzer will go off to warn
doctors and nurses. This is however highly unlikely to happen due to the
rest of the code being written to prevent the temperature of the blood
going over 37˚C by using the previously done calculations.
As a safety feature the first temperature sensor works as a thermal fuse.
This is the temperature sensor that measures the temperature of the
heating element. If this temperature goes over 85˚C, the fuse will melt,
and the circuit will be broken causing the fluid warmer to shut off. This
means the temperature will never go higher than the temperature set on
the thermal fuse. This thermal fuse has not been tested. Suggested is to
test 10 of these thermal fuses
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7.6 Subproblem 4: User interface
7.6.1 Introduction
The user interface is what the biomedical engineers, doctors and nurses
interact with. This interaction needs to be intuitive to cut down on the
amount of time it takes to learn how to work with the fluid warmer.

7.6.3 Design choices
Instead of having the temperature of the heating element being the input,
there was decided to input the flowrate. The flowrate has a direct effect
on the temperature of the heating element. If the user puts in a flowrate,
the heating element will go up to the correct temperature. This is shown
in table 19.

7.6.2 Sketches
Figure 31 shows sketches of the brainstorm about the user interface.

Table 19 - Flowrate to temperature

The choice was made to use a potentiometer instead of buttons to
decrease the number of Arduino parts needed and be able to more
accurately input the flowrate without endlessly pressing a button.

Figure 31 - Brainstorm
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There was chosen to display the current temperature of the blood and the
flowrate. The standard specification show that the current blood
temperature must be displayed. A mock-up of the LCD-screen is shown in
figure 32.

7.6.5 Adjustments
Based on the feedback received from Er. Kishor Bhandari the depiction of
flow rate was changed from displaying the accurate flowrate to working
with slow, medium and fast. This is shown in table 20.

Table 20 - New flowrate to temperature
Figure 32 - LCD-screen mock-up

7.6.4 Feedback
The design choices where shown to Er. Kishor Bhandari. The following
feedback was received when asked his opinion on how the device
functions:
“We don’t have the possibility to calculate the flowrate as accurately as
you have put on the display. This will not work for us. Here in the hospital
the doctors only work with fast, medium and slow flowrates because there
is no way for us to do transfusions more accurately. Please put the
following flowrates as slow, medium and fast; Slow – below 10 ml/min,
Medium – between 10 and 20ml/min, and fast, over 20 ml/min.”
The flowrate in Nepal cannot be accurately administered. The flowrate is
controlled with clamps. This doesn’t benefit the transfusion. The safety
measures in the Arduino are now even more important to stop the blood
from overheating since the administered flowrate is an educated guess.
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7.7 Subproblem 6: IV stand connection
7.7.1 Introduction
The fluid warmer must be between the bag and the patient. The bag of
blood or other fluids is always on an IV stand. The fluid warmer can also
be installed on this IV stand. The IV-stands at ANI have a diameter of 40
mm (Er. Kishor Bhandari, 18-12-2017, LOG, appendix pg.4).

7.7.2 Sketches
Figure 33 shows sketches of a brainstorm about the IV pole connection.
More variations can be found in appendix pg.42.

Figure 33 - IV pole connection sketches
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7.7.3 3D-CAD
Figure 35 shows the assembled IV stand holder. Figure 34 shows the
different elements of the IV stand holder.
1. Bolts
2. Nuts
The choice to use bolts and nuts was made due to their availability. Bolts
and nuts are easily available in Nepal and in most other countries, and are
easy to use.

2
3
1

1

3. Protrusion
This protrusion is added to make placement on the main body easier. It
shows exactly how the holder needs to be fastened.

4

4. Diameter

1

The diameter on this holder is 40mm to fit the IV stands in ANI. The
holder will only fit this diameter.

4

2

2

Figure 34 - Exploded view IV stand holder

Figure 35 - Assembled IV stand holder
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7.7.4 Prototype
The prototype in figure 36 is 3D printed with white ABS filament.

Figure 36 - Prototype of the IV stand holder, front and back view
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7.7.5 Test & Feedback
By attaching the IV stand holder to a 40mm tube and attaching a weight
the hold of the holder was tested. Figure 37 shows the IV stand holder
attached to a 40mm tube. Figure 39 shows the holder on the back of the
casing and figure 38 shows the holder with weights attached in the
previously mentioned test.

Figure 39 - IV stand holder on the back of the casing

Conclusion
Figure 38 shows that the IV stand holder can
hold a weight of at least 3kg.

Figure 37 - IV stand holder on 40mm tube

Figure 38 - IV stand holder holding 3kg
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Test at ANI
To test the IV stand holder Er. Sonam Subba was asked to attach the
holder with the housing construction to a IV stand in ANI. This is shown in
figure 40 The goal of this test was to test usability.
Er. Sonam Subba was asked about his experience of attaching the fluid
warmer to the IV pole:
“I really like the idea of attaching the device to the IV pole because this
makes it very easy to set up the fluid warmer. The two bolts, however,
take a bit of time to fastened. If you could change this to make it easier to
fastened, and remove, then the device would become even more portable
and we would be able to help a lot of patients very efficiently.”
Er. Kishor Bhandari was asked about the design of the holder:
“The device would be able the fit on the IV stand, and would not be in the
way there. I can easily use it from there. Not all IV stands are the same
width. Maybe you can add an extra screw in the back, so you can make
the holder smaller from there, so we can fit the device on every IV stand.”
Conclusion
The IV stand holder should be easier to fastened and unfastened, and
should be applicable on different sizes of IV stands.

Figure 40 - Er. Sonam Subba testing the IV stand holder
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7.7.6 Adjustments
After the feedback from ANI, there was decided to exchange the nuts
used to fasten the fluid warmer to the IV pole with winged nuts for easier
fastening and loosening. The bolt was also shortened to save time of
fastening a loosening.
The bolt that attaches the holder to the fluid warmer did not sit flush with
the curve of the holder. This is shown in figure 41. This is changed to
prevent the gap shown.

Students from the Rotterdam university have been working on a similar
project. They have made prototypes of IV pole holders that are 3Dprinted. Their ideas are great, and it would be mutually beneficial to work
together.
The design of the fluid pole holder was a side issue in this project. The
students may have better ideas as this was their main focus.

7.7.7 Materials & Manufacturing
The IV pole holder will be made with a 3D printer. This will enable the
design to be customized to different sizes of IV poles. There are going to
be multiple open source files for this product, to ensure that every
hospital can download the holder with the size that fits their IV poles best.
His product will be printed with ABS, for is durability and strength.

7.7.8 Conclusion
The design made can be used as an IV pole holder. Students from
Rotterdam university have worked on a similar project and working
together is recommended.

Figure 41 - Gap between holder and IV pole
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7.8 Housing construction
7.8.1 Introduction
The casing is the part of the fluid warmer that holds the rest. In this
chapter the findings from other chapters will come together to form one
design.

7.8.2 Casing 1
Brainstorm
Different ideas were generated. Appendix
pg.43 has more options that were
considered.
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3D-CAD
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Lip-groove
The casing of the fluid warmer is made with a lip grove. This is to take into
account the possibility of shrinking during the 3D-printing process, which
could be caused by differed in temperature of the printers. In figure 42
can be seen that the gap between the two parts is 0.5mm.

A gap between the parts is not very hygienic. This might be a problem in
first world countries. While doing projects for Erasmus MC it was
emphasised that there should be no gaps between parts. In this instance
it was made clear that for ANI this gap was not an issue. This is a big
difference between the way of thinking in these hospitals. The fluid
warmer does not need to be sterile and for that reason the gap between
these parts can be tolerated.
The front of the fluid warmer gets attached to the back casing with 2
screws. Th lip-groove helps keep it in place and aligns the parts. In the first
version of this casing the thickness was 2mm. This was changed to 2.5mm
to add more strength in the walls of the product.

Figure 42 - Lip-groove
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Hinge
The first hinge designed was with the hinge inside the fluid warmer. This
decreases the areas that can get dirty, but this hinge could not function
without big gaps in the casing. Figure 43 shows the hinge.

Figure 44 - Overlap between the 2 parts

Figure 44 shows that when the hinge is opened without gaps the 2-part
overlap. When adding gaps, the fluid warmer becomes less hygienic, and
therefore there was chosen to make a different hinge.

Figure 43 - Hinge in a section view of the fluid warmer
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Figure 45 shows the second version of the hinge. This hinge works
without gaps that let dirt into the fluid warmer.

Figure 45 - Version 2 of the hinge

This hinge is held together by M3 tread with nuts and washers on each
end. This is easily available in Nepal and a solution that anyone can put
together.
In this model there is no gap between the parts of the hinges. While
testing with the prototype this meant that the hinge opened very rigidly.
To change this a 0.5mm gap between parts of the hinges was added. In
figure 46 the hinge is open, and because of the lack of gap this could
happen without thread. This is changed to make the hinge open more
smoothly.
Figure 46 - Prototype hinge
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IV pole holder connection
A little extra material was added on the inside of the fluid warmer were
the IV stand holder connects to the fluid warmer to give this area a little
more strength. Figure 47 shows the prototype.
This was added in the second version of this casing. After identifying this
as a weak spot the extra material was added.

Figure 47 - Extra material at the base of
the nut

On the other side of the fluid warmer a small cut-extrude of 0.5mm is
made. This is for the IV stand holder to fit into and show in what direction
the holders should face. This is shown in figure 48.

Figure 48 - The red circles show the location of the
cut-extrude for the holder
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Heating element
The heating rod was chosen as heating element in this casing. This is due
to the size being smaller and more practical than the immersion heater.
Figure 49 shows where the heating rod can be installed.

The heating rod is kept in place by an extra part (figure 50) and 2 screws
on one side, and the copper plate on the other. The copper plate and the
heating element are not in much contact due to the heating element
being a cylinder, but because copper is so conductive this is not a
problem.
In an earlier version of this casing the heating element was centred in the
casing. This was changed after it was deemed more important that the IV
stand holders were centred.

Figure 50 - Part that keeps the heating rod in place

Figure 49 - The red rectangle shows the
heating rods place
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Copper plate
There was chosen to use fluid path 4 in this casing. This was because the
size of the place the IV line needed to be is small compared to the rest of
the fluid paths. The IV line in this model does cross over itself, as seen in
figure 51, and therefore doesn’t have the most contact with the surface of
the copper plate. This could influence the heating of the IV tube.
The copper plate has one clamp, and is attached to the casing with 4
screws. The holes for the screws are designed to b sturdy, but not waste a
lot of material. This can be seen in figure 51. Other designs for the clamp
can be found in the brainstorm in appendix pg.44.
The copper plate is 0.5 mm in thickness. It is not recommended to exceed
that because that causes it to become too difficult to ben by hand.

Figure 51 - Copper plate in the fluid warmer

Figure 52 -Example of hole for screw
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Closing
Different closing mechanisms were considered. The brainstorm is shown
in appendix 45.
For the fluid warmer to be able to function properly, the hinging part of
the fluid warmer needs to be able to stay closed during use. This prevents
heat from escaping, and keeps the IV line in place. The section view in
figure 54 shows this. Figure 55 shows a different viewpoint.
The orange rectangle shows that a dip is added in the casing for the
fingers. This also shows were the closing is.
The green rectangle shows that the hinging part overlaps with the casing.
This is to minimize the gap between the two parts.
The red square shows that there is an area of the hinging part that gets
stuck behind the top. This is what keeps the fluid warmer closed. The
overlap is so minimal that is still can be opened.

Figure 54 - Different viewpoint

Figure 53 - Closing of the fluid warmer
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Prototype
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The first prototype did not print. This was due to a power cut that
happened during printing. This happens often in Nepal and when it
happens the print needs to be started again. The unfinished prototype is
seen in figure 56.

Figure 55 - 3D print that stopped due to power cut
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Test & feedback
The casing was shown to Er. Kishor Bhandari and Er. Sonam Subba at ANI
Feedback from Er. Kishor Bhandari when asked about the design on the
fluid warmer, and when asked about the finish of the 3D print:
“The casing looks good. It is something that would fit into a hospital
environment. The area with the hinge is easy in use. I think that the nurses
and doctors I the hospital would be able to use it. It would take a 5-minute
explanation and demonstration I think. I would change the amount of
clamps on the copper part. I think one is not enough.”
“You don’t need an extra finish on the 3D-print. The layers are thin enough
that it can be used without dirt going between the layers.” Figure 57
shows Kishor pointing out the place where an extra clamp would be
needed.
Feedback from Er. Sonam Subba when asked his opinion on the design:
“I like the design you made. You almost don’t need an explanation to use
it. It is very natural. If I could change something I would make even smaller
to make it more portable.”
The design has also been tested on spillage. This is a requirement. The
test is shown in appendix pg.46.

Figure 56 - Er. Kishor Bhandari with the prototype

Adjustments
This casing was made for all the Arduino to fit inside, however, the
Arduino was soldered to a base plate. Due to this the Arduino will not fit
in this version. There was decided to make a new casing because the base
plate makes the Arduino easier to install and less prone to mistakes.
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7.8.3 Casing 2

3D-CAD

Brainstorm
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Differences between casing 1 and 2
The main difference between the two casings is the was the Arduino is
laid out.
In casing 2 the IV line goes in top left, and comes out of the fluid warmer
in the middle of the bottom. This is more practical because in Nepal the IV
stand is not always on the same side of the bed. By having the output in
the middle, it can never be on the wrong side.
The thickness of the casing has also changed. In casing 1 this was 2.5 mm,
but casing 2 has a thickness of 3.0mm. This is thanks to feedback from
Ram Chandra Thapa.
The top of casing 2 is fastened with just 1 screw, compared to 2 in the
previous design.
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Because of the different layout, the copper plate has also changed from
fluid path 4 to fluid path 6. With this fluid path the IV line has more
contact with the copper plate and this should improve the heating
because more of the IV tube is in contact with the copper plate in this
design. The copper plate is shown in figure 58. Appendix pg.47 shows the
dimensions of this part. This is important for the people who are going to
make it.

The way the IV line exits the fluid warmer has also changed. It has a curve
to prevent the IV line closing in on itself (figure59). The red rectangle
shows the place for the second sensor, and the orange line shows the
path of the IV line.
This part is bulky. But the extra ABS acts as an insulator for the sensor.
This is important to ensure that the sensor has an accurate reading.

Figure 58 - IV line path

Figure 57 - Copper plate casing 2
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Feedback
Abi Bush was asked to give feedback on the casing, especially the simple
design choices:
“I like the design. In this context it is better to have a robust design that is
obvious how to use than a sleek design that is not obvious in use. The
extra material in some places does not influence the printing time and
won’t raise the price of the product.”

7.8.6 Conclusion
This casing can be 3D printed and be used in the hospital.

Adjustments
Holes need to be added in the bottom of the fluid warmer to be able to
drain fluid if necessary.
It needs to be tested to see if insulation is needed on not.
Clamps can be added to distribute the wiring more efficiently.

7.8.4 Materials & manufacturing
These parts will be manufactured by 3D printing. This is a technique which
can be open source. The parts will be printed in ABS, because this is
readily available in Nepal and has a high melting point compared to other
materials. The melting point of PLA is too low to be able to use with the
heating element at 80˚C.

7.8.5 Technical drawings
Manufacturing the fluid warmer for 3D printing is a completely different
process to manufacturing products for injection moulding. Instead of
using technical drawing to make clear how the product should be
manufactured, the STL file is uploaded to an open source website. This
eliminates the need for technical drawing. A detailed assembly chart is
needed instead.
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7.9 Assembly
The casing is made so the product can be easily assembled by anyone
downloading the fluid warmer. Therefore, there needs to be a very easy
to follow assembly chart. Even though the illiteracy rate in Nepal is very
high, the chart contains words, at it can be assumed that anyone putting
together the fluid warmer will be able to read.
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Adjustments
By making this guide with actual pictures of the parts instead of solid
works, the instructions can become a lot clearer and it will be easier to
follow along.
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8. Verification
8.1

Introduction

This chapter shows various points of verification that
have not yet been dealt with in the design stage of
this thesis.

8.2 Cost analysis
The cost of the fluid warmer is calculated by adding
up the totals of each part. This cost calculation does
not add labour or machine cost, because these
investments are what the clients are expected to
have. The price of the fluid warmer is $32.78, or
€27.42.

Part
3D printed parts
bottom of the casing
top left of the casing
top right of the casing
Fastening
M2.5 by 12mm screw
M5 by 25mm bolt
M5 nut
M5 winged nut
M3 by 25mm screw
M3 60 mm tread
M3 nut
M3 washer
Solder
Arduino
LED 5mm
LCD
Temperature sensor
Arduino Nano
Resistor
Voltage regulator
Relay
Rotary encoder
Wires
Board
Heating element
Cable with plug
Total

Price for 1

Source

Number needed

Total €

Total $

504NPR
210NPR
336NPR

Market research
Market research
Market research

1x
1x
1x

4.14
1.73
2.76

4.95
2.07
3.30

0.05EUR
0.08EUR
0.05EUR
0.28EUR
0.15EUR
0.19EUR
0.04EUR
0.04EUR
0.06USD

(Accugroup, 2018)
(Accugroup, 2018)
(Accugroup, 2018)
(Accugroup, 2018)
(Accugroup, 2018)
(Accugroup, 2018)
(Accugroup, 2018)
(Accugroup, 2018)
(AliExpress, 2018)

8x
6x
2x
4x
1x
2x
4x
4x
10 grams

0.40
0.48
0.10
1.12
0.15
0.38
0.16
0.16
0.50

0.48
0.57
0.12
1.34
0.18
0.45
0.19
0.19
0.60

0.03EUR
1.98USD
0.79USD
2.28USD
0.01USD
0.95USD
0.95USD
0.62USD
0.02USD
1.05USD
700NPR
1.38USD

(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
(AliExpress, 2018)
Market research
(AliExpress, 2018)

1x
1x
2x
1x
2x
1x
1x
1x
30x
1x
1x

0.03
1.66
1.32
1.91
0.02
0.79
0.79
0.52
0.50
0.88
5.76
1.16
€27.42

0.04
1.98
1.58
2.28
0.02
0.95
0.95
0.62
0.60
1.05
6.89
1.38
$32.78
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8.3

Electromagnetic interference (EMI)

All electronics send out a frequency. Some of these frequencies can mess
with the electronics of other frequencies. To prevent the electronics in
the fluid warmer from interfering with other medical equipment in the
operating theatre a test for electromagnetic interference must be done.
The equipment to do this test is very expensive, so it is done by
companies who specialize in this matter. The fluid warmer needs to be
sent to one of these companies to make sure that the product can be
used I the operating theatre.

8.4

Open source availability

Providing the fluid warmer online does not come without risk. For
example, the fluid warmer could be used for things it wasn’t meant too,
and the code could be changed to heat the fluids to unsafe temperatures.
Therefore, there was decided to provide the casing online, and not the
Arduino. To get the Arduino, the person who downloads the casing needs
to contact Field Ready. Field Ready will then supply a waiver that this
person must sign, stating that if the change the code, Field Ready cannot
be held liable, and that they will only use the fluid warmer for its intended
use. This waiver needs to be drafted by a professional in this field.
As of right now, the fluid warmer is not yet available on open source
websites. This will become available after the safety measures stated
previously are implemented and a document has been drafted to
accompany the fluid warmer.
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8.5 The field ready fluid warmer must be ready for use (35.2˚C)
in 189 seconds or less.
8.5.1 Introduction
The following calculations show the time it takes for the fluid warmer to
warm at the lowest heating element temperature (37˚C).

8.5.2 Formulas
To calculate how long it takes to heat the fluid warmer the following
formulas were needed:
𝑄̇ =

𝑇1 − 𝑇2
𝑅

𝑅=

𝑙
𝑘𝐴

𝐴 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡𝑢𝑏𝑒 ∙ 𝑑𝜋
∆𝑇2 =

𝑄 ̇ ∙ ∆𝑡
𝐶𝑝

𝐶𝑝 = 𝑐𝑝 ∙ 𝑚
𝑚 = 𝐴 ∙ 𝑙 ∙ 𝜌𝑠𝑖𝑙𝑖𝑐𝑜𝑛

Length of tube in m (meter)= 0.15m
d = Diameter in m (meter) = 0.0035m
Δ = Increment
t = time in s (second)
Cp = Heat capacity in J/K (joule/kelvin)
cp = specific heat of silicon rubber in J/kgK (joule/kilogram kelvin) = 1300
J/kgK (AZO materials, 2017)
m = mass in kg (kilogram)
ρ = density of silicone rubber kg/m³ ( kilogram /cubic meter)= 2300 kg/m³
(AZO materials, 2017)

8.5.3 Calculations
Calculations can be found in appendix pg.48. They show the time that it
takes to warm the IV line. The heating element is up to temperature in 5
seconds. The thermal conductivity of copper is so high that the copper
plate will be up to temperature at the same time as the heating element.
It takes 15 + 5 seconds to heat the fluid warmer sufficiently.
These calculations were checked by Kieran Ram.

8.5.4 Conclusion
It takes 20 seconds to heat the fluid warmer sufficiently.

𝑇2 𝑁𝑒𝑤 = 𝑇2 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 + ∆𝑇2
Q̇ = Heat transfer rate in W (watt)
T1 = Outside temperature (temperature of the heater) = 37˚C
T2 = Inside temperature (temperature of blood before heating) = 1˚C
l = Thickness of IV tube in m (meter)= 0.0005m
k = Thermal conductivity of silicon rubber in W/mK (watt/meter kelvin)=
0.14 W/mK (Clemens J. M. Lasance , 2017)
A = Area of heat conduction
R = Thermal resistance K/W (kelvin/ watt)
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8.6 Checklist requirements
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The fluid warmer does not comply to the following requirement
The Field Ready fluid warmer must be able to heat water and blood to
from 1˚C to 37˚C at a flow rate of 6000 ml/h (100 ml/min).
Field Ready has decided not to heat the heating element above 80˚C.
furthermore the casing and IV line both have a maximum temperature.
The chapter conclusion and recommendations further explains why the
fluid warmer does not meet this requirement.

The fluid warmer almost complies to the following requirements
Doctors and nurses must be able to use the fluid warmer after a 15minute instruction.
Er. Kishor Bhandari has mentioned that the fluid warmer can be used by
the doctors and nurses after a 5-minute instruction. This is however not
tested.
The fluid warmer must be open source.
Not all tests have been executed, after all the tests are done the fluid
warmer will be uploaded.
There must be an accompanying document containing instructions.
A document has not yet been made. However, the instructions this
document must contain have already been specified.

The fluid path (the channel through which the product intended for
patient infusion or irrigation flows in-line (through a closed pathway)
from its source (e.g., blood bag, intravenous solution bag, or irrigation
fluid bag) to the patient) shall withstand 375mm Hg pressure or 1.25
times the manufacturer maximum recommended pressure, whichever is
greater.
This test has not yet been executed due to lack of equipment. It is
however highly unlikely that this test will fail, because this is a test of the
IV line, not the fluid warmer itself.
The fluid warmer almost complies to the following wishes
The fluid warmer has an interchangeable heating element.
At the moment the heating element can only be exchanged with a heating
element with the same diameter and an extra 25mm or a version that is
10 mm shorter.
The fluid warmer can work on different power sources.
The fluid warmer has an electrical plug. If this plug is removed and the
wires are exposed, the fluid warmer could also be used with a car battery
as a power source due to the voltage regulator. This has however not
been tested.
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9. Conclusion and recommendation

The following statements are the next steps for the fluid warmer:

To answer the main question; yes, it is possible to design a low-cost fluid
warmer that can be made available on open source websites.

In this thesis all the tests have been executed with water. Before the fluid
warmer becomes available, these tests must also be done with blood.

This is done by making a 3D-printable fluid warmer casing, with Arduino
electronics.

For the IV pole holder it is recommended to work together with students
of Rotterdam University who have been working on a similar project.

The fluid warmer does not meet the requirement of being able to warm
blood at a flowrate of 100ml/min. This is mostly due to the decision that
the heating element cannot exceed 80˚C. Due to all the safety features
that have been added the temperature of the heating element would be
able to safely exceed 80˚C. With some changes in the code the heating
element can go up to 200˚C. This is the maximum temperature IV line can
safely withstand (Shinetsu Silicone, 2017). The length of IV line that can
be inside the fluid warmer should also be increased to 35cm. With these
changes the fluid warmer will be able to heat the blood to 28.2˚C.The
calculations can be found in appendix pg.52. However, ABS becomes
pliable at 105˚C (Rahman, Schott, & Kanta Sadhu, 2018). The ABS casing
would not be able to withstand the temperature of the heating element
at 200˚C. Therefore, the temperature of the heating element should never
exceed 100˚C. With this temperature, at a flowrate of 100ml/min, the
temperature of the blood will be 14.5˚C.

A stress test should be executed to make sure the fluid warmer can
withstand the forces that are applied to it during use.
A practical test need to be executed to ensure that the calculations are a
good estimate for the actual temperature of the fluid that is being
warmed. The difference between the outside temperature of the IV line
and the temperature of the fluid inside should also be measured.
A test needs to be done were people put together the fluid warmer
following the assembly guidelines and there needs to be assessed if the
end product is up to par.

The price of the fluid warmer is $32.78. This is far below the maximum
$75 mark that was stated at the start of this project.
Most design choices were made for their practicality and simplicity. When
dealing with a very high-risk project like this it is important to stay on the
safe side rather than going for originality and unproven options.
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10.

Reflection

Moving to Nepal to do my graduate internship is one of the best thing I
have ever done, but also one of the hardest. It was a huge challenge to
pack up my stuff and move away from family and friends to a country I
had never been too and knew nobody. I am really proud to say that I had
an amazing time in Nepal. Meeting new people, doing a job that I love
was a great experience and I learned a lot about myself. I have gained a
lot of confidence over the last couple of months and now know what I
want to do once I graduate.
Working in Nepal is quite different than working in The Netherlands.
Different office hours, everyone is always late for everything, power
outages, and not being able to just order parts online are just a couple of
things that made working challenging. I had to adapt to a new culture and
speak English in the office. All things I wasn’t used too. But after just a
couple of weeks these things become normal and part of everyday life.
I think it will be difficult for me to go back to being everywhere on time in
The Netherlands!
One of the first things I learnt to do was to perform a risk assessment.
This is something that I hadn’t been taught at school but is really
important for the design process, especially for designing medical
equipment. I think knowing how to do a risk assessment will be very
useful for me in the future.
My colleagues at Field Ready have been amazing over the last couple of
months, especially the Nepal team. They made me feel at home from day
one and have been a big part of what made my stay in Nepal so much fun.
Field Ready has been working on some great projects while I have been
with them and I noticed that is was difficult for me to only focus on my
own project. I couldn’t help but get involved with some other projects,
including doing a needs-assessment in a flood affected area of Nepal. This

may have taken away some time from writing my thesis, but I think that
the experience I gained while doing this needs-assessment is very
valuable as well.
I also worked together with people outside of Field Ready. This wasn’t
always easy. One of the biomedical engineers was hard to work with
because of professional jealousy. He wouldn’t answer questions. This was
hard to deal with at first, but by getting to know him better and by keep
asking questions, not only about things that I needed to know for the
project, but also about the projects he was working on and showing
enthusiasm about his projects, I was able to overcome this.
As I mentioned before, everything is late in Nepal. This includes the
Arduino code that I outsourced to a professional. The deadline that I
stated was two weeks before leaving Nepal. But after repeated ignored
calls and visits, I received the Arduino at 17:30 on Friday, and was on my
way to the airport to leave for The Netherlands at 17:45 the same day.
This made my last week in Nepal very stressful.
Going to a hospital in Nepal for the first time to look around was a huge
eye-opener for me. The building was in pretty bad shape, with mould on
the walls and ceilings of most of the rooms, and wires sticking out of the
walls was shocking to see. But at the same time speaking to the doctors
and biomedical engineers was amazing. The passion they have for helping
their patients, no matter what conditions they needed to work in was
really admirable and inspirational. It made me want to work just as hard
to be able to help these patients, that often can barely afford a muchneeded doctor visit due to the lack of health insurance in Nepal. I was
really inspired to make the fluid warmer as cheap as possible.
I have learned a lot in the past couple of months and hope that my thesis
reflects this. I am looking forward to going back to Nepal in February for a
job at Field Ready!
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