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Review

INTRODUCTiON OF HYDROGeN BiOMeDiCiNe 
Hydrogen (H2) has been utilized in diving medicine for many 
years, and it is proved that hydrogen, unlike other medical 
gases such as nitric oxide, carbon monoxide, or hydrogen 
sulfide, is non-toxic for human body even at high pressure 
or concentration.1,2 However, hydrogen’s therapeutic effects 
against diseases were unknown or ignored in the past. 
Until 1975, hydrogen’s inhibitory effect against squamous 
cell carcinoma of mouse skin was reported by Dole et al.3 
Roberts et al.4 also disclosed hydrogen’s prohibition against 
the growth of mouse tumor cells and leukemia cells in 1978. 
Especially, in 2007 Ohsawa et al.5 discovered that hydrogen 
is capable of selectively detoxifying hydroxyl radicals (•OH) 
and peroxynitrite (ONOO–) among active oxygens (such 
selectively detoxifying ability was further discussed by Liu et 
al.6 in 2010). Thereafter, the study and research of hydrogen 
biomedicine has been rapidly grown, including not limited to 
alleviation of inflammation,7-9 alleviation of cell apoptosis,10,11 
alleviation of side effects caused by anti-cancer therapy,12,13 
and cancer inhibition.14

Due to lack of safe and durable hydrogen inhalers which 
can generate inhaled gas with higher H2 concentration, 
conventionally hydrogen related animal studies or clinical 
trials were performed based on either inhaled gas with H2 
concentration of less than 4%, or hydrogen-rich water with 
hydrogen concentration far less than 4%,15-18 nevertheless, 
the H2 concentration of less than 4% is not necessary for the 
optimum value in the human body. Especially, Graham’s 
Law of diffusion states that the rate of diffusion of one gas is 

inversely proportional to the square root of the density of the 
gas19 and the Bernoulli principle also states that an increase 
in the speed of a fluid occurs simultaneously with a decrease 
in pressure.20 The higher the H2 concentration in the inhaled 
gas, the lower the density of the inhaled gas. Therefore, the 
inhaled gas with higher H2 concentration then has the greater 
diffusion speed and lower pressure. Thus, it will reduce the 
driving pressure for human body to breathe the inhaled gas 
with higher H2 concentration. 

With the support of hydrogen inhaler AMS-H-01/AMS-H-03 
provided by Asclepius Meditec Co., Ltd., tens of animal studies 
or pilot clinical trials based on inhaled gas which combines H2 
(concentration of ~66%) with O2 (concentration of ~34%) were 
accomplished and published.14,21-54 Additionally, recent formal 
clinic trials based on the same inhaler AMS-H-01/AMS-H-03 
also revealed positive results in respiratory diseases, such 
as allergic rhinitis, asthma, chronic obstructive pulmonary 
disease, etc. Especially, it is recommended to use the mixed 
gas of 66.6% H2/33.3% O2 for treating COVID-19 patients as 
described in the Diagnosis and Treatment Protocol for Novel 
Coronavirus Pneumonia, 7 Edition released by National Health 
Commission of China,55 and such guideline is also republished 
in English by the World Health Organization China Office.56 
Moreover, a survey report regarding 82 cancer patients with 
the help of the same inhaler AMS-H-01 also demonstrated 
that in patients with advanced cancer, inhaling gas with H2 
concentration of 64–67% can improve patients’ quality of life 
and control cancer progression.53 Therefore, how to provide 
safe and durable hydrogen-oxygen inhalers with higher H2 
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concentration is key factor to expedite and realize the hydrogen 
biomedicine. Search strategy is shown in Additional file 1.

BASiS OF HYDROGeN INHALeR
The currently available hydrogen inhalers can be classified 
as ion exchange membrane type or electrolytic solution type. 
Figure 1 shows an ion exchange membrane-based hydrogen 
inhaler which conventionally uses a platinum-coated ion 
exchange membrane to separate the electrolysis tank into an 
anode chamber and a cathode chamber. When the anode and 
cathode electrodes of the electrolysis tank are supplied with 
electrical power, oxygen is generated in the anode chamber, 
and the extra protons (H+) are transported from the anode 
chamber to the cathode chamber through the ion exchange 
membrane and combine with electrons on the cathode to 
form hydrogen therein. Since the ion exchange membrane 
is structured to separate the electrolytic tank, theoretically 
almost 100% hydrogen gas could be obtained from the cath-
ode chamber. 

However, 100% hydrogen gas is not suitable for direct 
inhalation of human body and shall be mixed with air.57 It is 
considered as oxygen-deficient gas when the O2 concentration 
of the inhaled gas is slower than 19.5%, and it is dangerous 
for human begins when the O2 concentration of the inhaled 
gas is slower than 16%.58 Mixing 100% hydrogen gas from 
the ion exchange membrane-based hydrogen inhaler with air 
for inhaling will inevitably dilute the original O2 concentration 
(~21%) in the air and likely poses negative impact to subject 
users. For example, a human body consumes approximately 
air of 6 L/min. Supposedly the ion exchange membrane-based 
hydrogen inhaler outputs 100% hydrogen gas of 1 L/min and 
only half of them (500 mL) is inhaled and mixed with the 
5.5 L of air for human body, the oxygen concentration of the 
mixed gas (air of 5.5 L + 100% hydrogen gas of 500 mL) is 
approximately reduced to 19.25%. Therefore, it is not recom-
mended to inhale 100% hydrogen gas for a long period of time. 

Moreover, deionized water is required for ion exchange 
membrane-based hydrogen inhaler to maintain the normal 
operation; otherwise impurities in regular water would block 
ion channels of the ion exchange membrane and then the func-
tion thereof fails. Additionally, the lifetime of such hydrogen 
inhaler is shorter due to the inevitable decay of the platinum 
catalyst coated on the ion exchange membrane. Furthermore, 
ion exchange membrane is a polymer membrane (such as per-
fluorosulfonic acid proton exchange membrane) mainly used 
in fuel cells and may not be suitable for medical purpose.59 To 

be worse, fluoride could be likely released from the perfluoro-
sulfonic acid proton exchange membrane during operation.60

The traditional electrolytic solution-based hydrogen inhaler 
is illustrated as follows. As shown in Figure 2, two electrodes 
of the electrolytic tank undergo an electrochemical reaction 
against water to produce oxygen and hydrogen which are then 
mixed within the electrolytic tank. The H2 concentration in the 
hydrogen-oxygen mixed gas is approximately equal to 66%. 
Unlike the ion exchange membrane-based hydrogen inhaler, 
deionized water is not necessary for the operation of electro-
lytic solution-based hydrogen inhaler, but it is recommended 
to use regular pure water or distilled water.

Although the electrolytic solution-based hydrogen inhaler 
is a simple structure, electrolyte is required in the electrolytic 
solution to enhance electrolysis efficiency, and alkali mist gen-
erated during high temperature may irritate the human body if 
such alkali mist is not properly filtered and isolated. Moreover, 
heat released during the electrolysis process unavoidably raises 
the temperature of the electrolytic tank, and it is necessary to 
intermittently shut down the traditional electrolytic solution-
based hydrogen inhaler for safety purpose. Furthermore, there 
exists risk of detonation due to the hydrogen (~66%)-oxygen 
(~34%) mixed gas in the event no suitable anti-explosion 
devices are designed in the solution-based hydrogen inhaler.

DeSiGN OF THe HYDROGeN INHALeR FOR MeDiCAL 
PURPOSe
Medical-grade hydrogen inhaler is the prerequisite for the 
development of hydrogen biomedicine. It should be safe, 
durable, and can stably generate higher flow rate (e.g., over 
2 L/min) and higher hydrogen concentration (e.g., over 50%) 
over a long period (e.g., at least over 8 hours without any 
interrupt of operation). The lifetime of the hydrogen inhaler 
shall be more than 5000 operating hours, and no additional 
electrolyte shall be supplemented during the above lifetime 
of the solution-based hydrogen inhaler.

Furthermore, all materials of the hydrogen inhaler used 
in contact with gas/liquid should be medical-grade and the 
hydrogen inhaler itself should be made in compliance with 
all international standards of medical device. Additionally, 
all impurity generated during the electrolysis process shall 
be filtered and isolated, ensuring that the outputted hydrogen-
oxygen mixture or hydrogen meets the specifications of medi-
cal respiratory gas. The examples of available standards are 
shown in Table 1.

The following are the proposed design rules of a safe and 

Figure 1: Ion exchange membrane-based hydrogen inhaler. Figure 2: Electrolytic solution-based hydrogen inhaler.
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durable hydrogen inhaler for medical purpose: 

electrolytic module and filtering module 
As shown in Figure 3, the electrolytic module is the kernel 
for the hydrogen inhaler, it will either generates almost 100% 
hydrogen gas (ion exchange membrane type) or hydrogen-
oxygen mixed gas (H2 ~66%: O2 ~34%, electrolytic solution 
type) which is then combined with air for the breath of human 
body. It is important to reduce the space of the gas chamber 
in the electrolytic module, such that only few residuals of 
hydrogen gas or hydrogen-oxygen mixed gas would be kept 
in the electrolytic module to reduce the risk or impact of the 
unexpected explosion. 

Furthermore, filtering module shall be installed to purify 
the hydrogen gas or hydrogen/oxygen mixed gas in order to 
comply with available medical gas standards. Additionally, 
double or triple purification processes are recommended to fil-
ter various potential impurities, such as fluoride or electrolyte. 

Cycling module
During electrolytic process, heat will be generated and even-
tually raises the temperature of the electrolytic module. Such 
continuously raised temperature could shorten the lifetime 
of the electrolytic module, breaks sealing of the electrolytic 
module and then causes the leakage of the liquid/gas therein, 
and likely triggers the explosion. Therefore, a cycling module 
to circulate and cool down the liquid in the electrolytic module 
is critical to maintain the lifetime and safety, as shown in Fig-
ure 3. A temperature sensor coupled to the electrolytic module 
can monitor the temperature of the electrolytic module and 
activates the cycling module whenever necessary.

Moreover, when the cycling module is utilized in the elec-
trolytic solution type hydrogen inhaler, it could also circulate 
water and flush residual electrolyte in the air pathway of the 
hydrogen inhaler back to the electrolytic module. Flushing 
the residual electrolyte back to the electrolytic module could 
recycle the electrolyte and extend the operation hours of the 
hydrogen inhaler. 

Liquid blocking module
A liquid blocking module in the hydrogen inhaler is an anti-

explosion device. It will isolate the electrolytic module from 
the output of the liquid blocking module; therefore, to block 
the subject user from any impact of unexpected explosion 
happened in the electrolytic module. On the other hand, the 
liquid blocking module prohibits any accidental explosion 
propagating from the output of the liquid blocking module 
into the electrolytic module, and therefore to prevent any 
damage to the electrolytic module caused by any ignition 
happening outside the liquid blocking module. Thus, a first 
isolation zone is formed between the electrolytic module and 
the liquid blocking module, and any unexpected explosion 
will be restrained therein (Figure 3). 

Besides, the liquid blocking module could lower the tem-
perature of the hydrogen gas or hydrogen-oxygen mixed gas 
generated from the hot zone of the electrolytic module, and 
further dissolve potential impurity of the generated gas in 
the liquid as well. 

Nebulizer
In the conventional hydrogen inhaler, a carbon dioxide ab-
sorbent is common used to partially remove the vapor in the 
hydrogen gas or hydrogen-oxygen mix gas. As a result, the 
mucus layer of the respiratory organ could not be kept in a 
normal state, and the respiratory airway could not be protected 
by the mucus layer. Therefore, it is necessary to provide ap-
propriate humidity in the hydrogen gas or hydrogen-oxygen 
mixed gas for the breath of subject users. The nebulizer is 
provided to selectively atomize the water into vapor at the 
nebulizing chamber and the vapor will be mixed with the 
hydrogen gas or hydrogen-oxygen mixed gas in the mixing 
chamber, as shown in Figure 3. Furthermore, the nebulizer 
could atomize suitable medicine for breath as well to assist 
treatment of human body. 
Moreover, when the humidity increases, the electrical resis-
tance of a substance (gas or the subject user) decreases and 
static electricity hardly occurs. The disappearing time during 
which static electricity is eliminated also decreases expo-
nentially as the absolute humidity increases.61 Therefore, the 
higher the relative humidity, the less likely static electricity 
causes explosion. With the help of vapor combined with the 
hydrogen gas or hydrogen/oxygen mix gas, the static electricity 

Table 1: examples of available standards for medical device

International standard 
number Title of standard

IEC 60601-1:2005 Medical electrical equipment—Part 1: General requirements for safety
IEC 60601-1-11:2015 Medical electrical equipment – Part 1–11: General requirements for basic safety and essential performance – 

Collateral Standard: Requirements for medical electrical equipment and medical electrical systems used in the home 
healthcare environment 

IEC 60601-1-2:2007 Medical electrical equipment-Part 1–2: General requirements for safety-Collateral standards: Electromagnetic 
compatibility-Requirements and tests

ISO 18562-2:2017 Biocompatibility evaluation of breathing gas pathways in healthcare applications-Parts 2: Tests for emissions of 
particulate matter

ISO 18562-3:2017 Biocompatibility evaluation of breathing gas pathways in healthcare applications-Parts 3: Tests for emissions of 
volatile organic compounds 

ISO 18562-4:2017 Biocompatibility evaluation of breathing gas pathways in healthcare applications-Parts 4: Tests for leachable in 
condensate

ISO 10993-5:2016 Biological evaluation of medical devices—Part 5: Tests for in vitro cytotoxicity
ISO 10993-10:2009 Biological evaluation of medical devices—Part 10: Tests for irritation and skin sensitization
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of a substance (gas or the subject user) hardly occurs, and the 
explosion incurred by the static electricity could be prevented.

Flame arresters
It is known that flame will be extinguished if the dimension 
of the air pathway is 0.20 mm or less at any hydrogen gas 
concentration.62 Based on the 0.20 mm air pathway criteria, a 
flame arrester made of stainless steel meshes which are ran-
domly compressed and overlapped together can set up pathway 
the dimension of which is less than 0.2 mm. Therefore, the 
flame arrester is also an anti-explosion device to extinguish 
flame and to prevent explosion from propagating. The flame 
arrester could be installed at the input of the nebulizer such 
that a second isolation zone is formed between the nebulizer 
and the liquid blocking module, and any unexpected explosion 
in the second isolation zone will be confined therein.

For the convenience of breath of the subject user, a comfort-
able nasal tube is necessary. An additional flame arrester could 
be installed in the nasal tube such that a third isolation zone 
is formed between the nasal tube and the nebulizer, and again 
any unexpected explosion in the third isolation zone will be 
confined therein. Moreover, such flame arrester is preferred 
to be installed closed to the output of the nasal tube to reduce 
the space between such flame arrester and the outlet of the 
nasal tube (e.g., within the range of 1–2 cm3). In the event any 
static electricity generated from the subject user or intentional 
ignition happens at the outlet of the nasal tube, the small space 
of 1–2 cm3 hardly causes explosion, and therefore prevent 
damage to the subject user. 

Hydrogen concentration detection 
It is well discussed that the H2 concentration of the mixed gas 
higher than 4% may cause explosion. Nevertheless, even the 
hydrogen inhaler outputs the hydrogen-oxygen mixed gas and 
the H2 concentration of which is around 66%, H2 concentra-
tion around the subject user breathing the hydrogen-oxygen 
mixed gas is less than 1% (as discussed later). Thus, during 

normal operation it is almost unlikely to incur explosion even 
there is unexpected flame or ignition close to the subject user. 
However, in the event there is any abnormal situation happened 
during the operation of the hydrogen inhaler, such as leakage 
in the hydrogen inhaler, H2 concentration around the subject 
user may be higher than 4% and there still exits risk of detona-
tion. Therefore, a detector could be installed to monitor the H2 
concentration and the hydrogen inhaler should be immediately 
shut down if the detected H2 concentration is approaching 4%. 

ReSULTS AND DiSCUSSiON
Pursuant to the aforesaid design principles, AMS-H-03 hydro-
gen inhaler is developed and built. It provides inhaled gas with 
H2 concentration of ~66% and O2 concentration of ~34%, at 
output rate of 2–3 L/min. Since O2 concentration of the inhaled 
gas is higher than 21%, any combination of the inhaled gas 
and air for the breath of human body will not be considered 
as oxygen-deficient gas. 

During the operation, the electrolytic module of the AMS-
H-03 hydrogen inhaler generates hydrogen-oxygen mixed gas 
(H2 ~66%: O2 ~34%, electrolytic solution type) which then 
passes through the filtering module and the liquid blocking 
module for purification. One additional filter is installed after 
the liquid blocking module to further percolate the hydrogen-
oxygen mixed gas. Such triple purification (including the filter-
ing module, the liquid blocking module, and the other filter) 
will assure that the outputted hydrogen-oxygen mixed gas is 
complied with available medical gas standards. 

When the temperature of the electrolytic module raises due 
to the heat generated by the electrolytic process, one cycling 
module of AMS-H-03 then activated to circulate and cool 
down the liquid in the electrolytic module. Furthermore, in 
the event the water in the electrolytic module is consumed 
or exhausted due to the electrolytic process, another cycling 
module of AMS-H-03 will supply water into the electrolytic 
module through the filtering module, and the residual electro-
lyte originally blocked by the filter module will then be flushed 

Figure 3: Proposed structure of safe and durable hydrogen inhaler 
for medical purpose.
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back to the electrolytic module simultaneously. Flushing the 
residual electrolyte back to the electrolytic module could 
recycle the electrolyte and extend the operation hours of the 
hydrogen inhaler.

The gas pathway of AMS-H-03, beginning from the water 
surface of the electrolytic module to the outlet of the nasal tube, 
is designed as short as possible. Moreover, such gas pathway 
is further divided into three isolation zones, one is between the 
electrolytic module and the liquid blocking module, another 
is between the liquid blocking module and a flame arrester 
coupled to the nebulizer, and the other is between the flame 
arrester coupled to the nebulizer and anther flame arrester 
close to the outlet of the nasal tube worn by a user. With the 
installation of the liquid blocking module and flame arresters, 
any unexpected explosion generated in one isolation zone will 
be prevented from propagating to the other isolation zone. 
Moreover, the nebulizer is provided to selectively atomize 
the water into vapor which is then mixed with the filtered 
hydrogen/oxygen mix gas, not only to maintain appropriate 
humidity in the hydrogen gas or hydrogen/oxygen mix gas for 
the respiratory system of subject users, but also to reduce the 
risk of explosion incurred by the static electricity. 

A multicenter randomized clinical trial that verifies the 
efficacy and safety regarding inhalation of H2 (~66%) and 
O2 (~34%) in patients with COVID-19 was reported based 
on utility of hundreds of AMS-H-03 hydrogen inhalers. It is 
found that inhalation of H2 (~66%) and O2 (~34%) significantly 
improves disease severity of patients with COVID-19, such 
as improvement of chest distress, chest pain, resting oxygen 
saturation, and dyspnea scale, etc.63 As previously mentioned, 
the inhaled gas with higher H2 concentration has the greater 
diffusion speed and lower pressure. Thus, mixture of H2 
(~66%) and O2 (~34%) could decrease the inspiratory efforts 
due to the significantly lower resistance when passing through 
the respiratory tract,63 and could be an option for relieving 
respiratory symptoms in patients with COVID-19.

Acid/alkaline measurement and hydrogen concentration 
measurement 
The inhaled gas of the AMS-H-01/AMS-H-03 is subject to the 
tests set forth in GB8982-2009 (CN) regarding standards of 
medical gas and aviation gas. With the help of filtering module 
and cycling module, the inhaled gas of the AMS-H-01/AMS-
H-03 passes the section 5.4 of GB8982-2009 (CN) regarding 
the residual amount of acid material and alkaline material. 
Therefore, the alkali mist is totally removed from the inhaled 
gas of the AMS-H-01/AMS-H-03. 

As shown in Table 2, during the normal operation, even H2 
concentration at the output of the nebulizer and nasal tube is 
around 64–67%, the H2 concentration around the subject user 
is less than 1% and the H2 concentration of exhaled breath of 
the subject user is less than 4%, both of which are less than 
the critical explosive 10% H2 concentration in the mixture of 
hydrogen and air (or oxygen).57,64-66 Therefore, during normal 
operation, in the event there is unexpected flame or ignition 
close to the subject user, it is almost unlikely to incur explo-
sion or detonation due to the fact that the H2 concentration 
surrounding the subject user is less than 4%. 

ignition experiments 
The ignition experiments at flow rate of 3 L/min, 2.5 L/min, 
and 2 L/min of hydrogen-oxygen gas (approximately 66% 
H2: 34% O2) generated from the AMS-H-03 are performed. 
The AMS-H-03 is ignited at output of nasal tube, as shown 
in Figure 4.

Figure 4: Ignited at output of nasal tube of AMS-H-03.

As shown in the following Table 3, it is found that only clean 
ignition noises could be detected for three different flow rates. 
The results are reasonable since, as previously discussed, the 
volume between the flame arrester in the nasal tube and the 
outlet of the nasal tube is quite small, almost no explosive 
sound is detected when ignition is made at the output of the 
nasal tube. Therefore, during the operation of AMS-H-03, it 
is likely that the user who wears the nasal tube for hydrogen 
inhaling would not be subject to damage even there is ignition 
caused by static electricity of human body.

Conclusion
Hydrogen-oxygen mixture (approximately 66% H2: 34% O2) 
for medical purpose is an oncoming and developing research 
topic. A safe and durable hydrogen inhaler for generating 
such hydrogen-oxygen mixture is proposed based on reli-
able design principles. Experiment and measurement result 
shows that the hydrogen inhaler implementing the proposed 
design rules could effectively reduce the explosion, and that 
the hydrogen-oxygen mixture generated from the hydrogen 
inhaler is suitable for medical purpose.
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Table 2: H2 concentration measured at different locations

Subject code VA (%) OA (%) ONT (%) Test time (min) A (%) B (%) C (%) D (%) Exhaled breath (%)

DUYI 0 65 65 5 0 0.4 0 0 2.5
60 0.4 0 0 0.3
120 0 0 0 0

LLDI 0 66 66 5 0.3 0.3 0.3 0.3 1.9
60 0.3 0.3 0.4 0.3
120 0.3 0.5 0.5 0.3

YSFA 0 64 64 5 0.4 0.3 0.5 0.3 0.9
60 0.4 0.3 0 0
120 0 0.7 0 0

MLRO 0 64 64 5 0.3 0.3 0.3 0.4 2.8
60 0 0 0 0
120 0 0 0 0

ZCSH 0 64 64 5 0 0 0 0 2
60 0.3 0.3 0.7 0.6
120 0.7 0.3 0.6 0

DUYI 0 64 64 5 0.5 0 0 0 2.3
60 0 0 0 0
120 0 0 0 0

LLDI 0 66 66 5 0.4 0.5 0.6 0.4 1.3
60 0.4 0.4 0.4 0.4
120 0.8 0.7 0.5 0.4

YSFA 0 67 67 5 0.6 0.5 0.5 0.4 2
60 0.4 0.5 0.3 0.4
120 0.7 0.5 0.4 0.4

SXYU 0 64 64 5 0.4 0.3 0.3 0.3 2.2
60 0.5 0.4 0.4 0.4
120 0.4 0.4 0.4 0.4

HDFE 0 64 64 5 0 0 0 0 3.3
60 0 0 0 0
120 0.3 0.3 0 0

CDXI 0 66 66 5 0.3 0.3 0.3 0.3 3.8
60 0.4 0.4 0.4 0.4
120 0.4 0.4 0.4 0.4

ZDHU 0 64 64 5 0.7 0.4 0.7 0.4 1.4
60 0.4 0.5 0.7 0.5
120 0.5 0.4 0.6 0.5

MLRO 0 64 64 5 0.5 0.5 0.5 0 2.5
60 0.5 0 0 0
120 0.5 0.5 0.5 0.5

ZCSH 0 64 64 5 0.7 0.5 0.3 0 1.9
60 0.5 0.3 0.3 0.3
120 0 0.7 0.5 0

Note: Furthermore, H2 concentration is measured by New Cosmos Electric: XP-3140 (Osaka, Japan). First, when the AMS-H-01 is tuned on, the hydrogen concentration 
at: (1) ambient environment which is one meter away from the AMS-H-01 (“VA”); (2) output of the nebulizer (“OA”); and (3) output of special nasal tube or nasal mask 
connected to the nebulizer (“ONT”) are measured separately. Secondly, when each subject user is equipped with the nasal tube, H2 concentration around the subject 
user is detected at the location of 1 cm away from: (1) right ear (“A”); (2) left ear (“B”); (3) top of head (“C”); and (4) back of head (“D”) of the subject user after 5-minute, 
60-minute, and 120-minute operation of the AMS-H-01 respectively. Last, the exhaled breath of the subject was collected using a gas sample collection bag immediately 
after the nasal tube was removed from the subject user, and then the hydrogen concentration of the exhaled breath was measured. 

Table 3: ignition results for three different flow rates

Flow rate (L/min) Results

3 Ignition noise detected, no explosion
2.5 Ignition noise detected, no explosion
2 Ignition noise detected, no explosion
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