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During long-term observation of the operation of the ventilator (artificial lung ventilation) of the UVENT-T model,
a violation of repeatability was noticed under the same operating conditions. That is, on some devices of this particular
model, the air flow sensor under the same conditions showed different values when repeating the measurements.
Through experiments, it was established that this is caused by the unevenness of the air flow inside the ventilation
channels of the ventilator, which is most likely caused by the design of the silencers installed there.

The article highlights the process of research and modeling of air flow in ventilation channels of ventilators of the
apparatus due to the manufacture of several test variants of muffler designs, which should solve the problem of various
deviations of flow measurements. The main idea was to change the number and size of the muffler holes. Obviously, the
5 holes of 2 mm scattered the air flow too much, due to which there was an increased risk of turbulence in the air flow,
which could have caused the unevenness of its measurements. Therefore, on all new mufflers, the holes were reduced to
1 mm, but their number was increased by 2 times. In total, 6 design options were obtained. All 6 options were designed
in CAD SolidWorks, and flow simulation was also carried out for test models. According to the results of air flow
measurements, graphic dependencies were obtained for each of the silencer samples, namely the integral of the
absolute error of the flow measurement, the integral of the flow noise power, the integral of the acoustic noise power
and the maximum absolute error of the flow measurement.

In the future, it is proposed to develop a mathematical model of laminar air flow in a ventilator taking into
account new designs of silencers, as well as to develop software for testing according to the developed algorithm and
model. Conduct experimental testing of designed mufflers, as well as evaluate the results of the experiment. According
to the research results, a conclusion will be made about the most effective muffler design, and its design will be used in
the production of ventilators.
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pressure reduction.

Introduction

Testing the effectiveness of noise suppressors in
ventilation channels of ventilators is important to
ensure the safety and comfort of patients receiving
treatment in intensive care [1]. Noise suppressors are
installed in ventilation systems and respiratory support
devices in order to reduce the level of noise that can
arise from moving parts of ventilation systems and
devices. The noise can be quite unpleasant for patients
who are in a state of serious illness and stress. Testing
of silencers includes measuring the noise level at
various points of the ventilation system and
comparing these data with the requirements of
standards and recommendations [2]. This allows you
to make sure that the noise suppressors are really
effective and meet the requirements of patient safety
and comfort.

In addition, testing the effectiveness of silencers
helps ensure the safety of medical personnel working
with ventilation equipment. High noise levels can
have a negative impact on the health and mental state
of medical personnel, which can lead to errors and
accidents. Thus, testing the effectiveness of noise
silencers in ventilation channels of ventilators and

respiratory support devices is an important procedure
to ensure the safety and comfort of patients and
medical personnel [3].

One of the recent works of the group of authors
[4], investigated the flow of air in the ventilation
channels of artificial lung ventilation unit depending
on the particle size and flow rate, where the authors
claim that their results can be useful for development
of effective ventilation systems in hospitals and other
medical institutions.

In another work [5], the authors investigated the
influence of the design and dimensions of the
ventilation channels on the distribution of particles in
the air flow. The authors found that the optimal design
of ventilation channels can reduce the concentration of
harmful substances in the air flow and increase the
efficiency of ventilation.

Thus, there is a significant amount of work,
where the author teams offer different solutions to the
task of improving the operation of ventilators based on
their own experimental research, modeling of
structures, data processing and analysis of results.
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Description of manufactured prototypes and
test stand

In the course of solving the task of equalizing the
air flow in ventilators, 6 prototypes of ventilation duct
mufflers were made. All 6 structures of muffler

prototypes are shown in Fig. 1.
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Fig. 1. Prototypes of designs of various models of
mufflers

All prototypes are made on the basis of one base,
which has 8 through holes for 1 mm each around the
circle, three of them are additional in the middle. Two
mufflers have a lower height, and therefore,
correspondingly, a shorter hole length. The other two
prototypes have a conical cut, which was proposed
and described in [6].

In order to bring the test results as close as
possible to the real operating conditions of the device,
it was decided not to create any artificial channels, but
to use the ventilator (artificial lung ventilation) device
directly. Since such mufflers are designed for the
oxygen pneumatic path, the UVENT-T device was
used for testing. This is an expert class ventilator with
a built-in turbine for respiratory support of newborns,
children and adults. The described device was taken
out of the case ("disassembled"), and the display was
also connected. The housing had to be removed to
access the turbine pneumatic path and the oxygen
path, which can be seen in Fig. 2.

- Y y
Fig. 2. Pneumatic blocks of oxygen and air tracts of
the UVENT-T ventilator

In fig. 2: pos. 1 — corner pipe and part of the
oxygen pneumatic tract (it is here that the muffler
under development, shown in Fig. 3, is located), pos. 2
— angle pipe and part of the pneumatic path of the

turbine, pos. 3 — one of the two air (or oxygen) flow
sensors, which are located on both tracts.

Structurally, for greater reliability of the
ventilator and measurement accuracy, different flow
sensors are installed on the two pneumatic paths. In
Figure 2, position 3 is the air flow sensor from the TSI
company. A flow sensor produced by the Sensirion
company is used on the pneumatic oxygen path, which
will be taken into account, when developing an
algorithm for testing muffler prototypes [7].

In Fig. 3, the location of the muffler in the
pneumatic path of the turbine is marked with a red
circle.

R

Fig. 3. Location of the muffler under deelopment
inside the angle duct of the oxygen pneumatic
tract

Development of an algorithm for testing
silencers of ventilation channels

Based on the technical requirements for the
functioning of mufflers, the following algorithm for
their compliance testing was developed.

First of all, it is necessary to check the noise of
the air flow. To do this, it is necessary to gradually
open the air supply valve with a certain step during a
certain time, and also take data from the flow sensor.
Since there are different flow sensors, the test must be
repeated on the TSI sensor as well as on the Sensirion
sensor in order to exclude the possible influence of
sensor error on the measurement results.

Also, it is necessary to separately measure the
acoustic noise of the tract with different prototypes of
mufflers using a microphone.

To process the signals, as well as their
visualization, a program was created in the Matlab
system (a fragment of the interface screenshot can be
seen in Fig. 4), since the library for reading data from
ventilators is compatible with this system [8].

As a result, it was decided to record and visualize
for comparison the integral of the absolute error of the
flow measurement in the range of 0-100 1/min (with a
flow increase step of 0.5 I/min every second), the
integral of the flow noise power, the integral of the
acoustic noise power at frequencies of 500 - 20000 Hz
at a flow of 100 I/min, as well as the maximum
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absolute error of the flow measurement in the
direction of under and over values.

Where in Fig. 4. 1 - selection of the valve
through which the air will be supplied (in our case, the
8B valve is absent, since the device with a turbine is
used, which does not have a separate air valve,
instead, the turbine itself is used, and the turbine itself
is silenced so as not to affect the flow that the program
adjusts with the gradual opening of the valve 8A), 2 —
the step of increasing the flow every second, 3 — the

4] Ul Figure
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initial air flow, 4 — the final air flow value, 5 — switch
for starting the program, 6 — choosing one of the two
sensors for data recording.

Test results

For clarity of the results, each of the
manufactured models of silencers was assigned a
conventional designation (Fig. 5). In addition, the
current serial version, with 5 holes of 2 mm is
designated as UQ and in case without muffler as A.
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Fig. 4. Interface of the developed program

All the studied samples showed similar
quantitative characteristics, both in terms of sound
noise in the O2 (oxygen) pneumatic channel, and the
effect on the accuracy of the subsequent measurement
by TSI and Sensirion sensors: all mufflers
approximately equally reduced the sound effects and
increased the measurement accuracy compared to the
condition without a muffler [7].
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Fig. 5. Notations of Muffler (drawing): a) U1; b) U2; c) U3; d) U4; e) US; f) U6

Moreover, according to the presented data, it is
possible to single out the best characteristics of the
muffler with the conventional designation U5 (Fig. 5-
11). The graphs are built using Microsoft Excel
program based on the data obtained as a result of air
flow measurements using Matlab system. Formulas for
calculating the obtained values for constructing graphs
are specified for each graph separately.
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Fig. 5. Notations of Muffler (drawing), where a) U1; b) U2; c) U3; d) U4; e) US; f) U6 (continuation of Figure 5)
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The error is determined from the measured and
averaged data after MatLAB measurement. The values
for each sensor are given in Table 1. Where, averaged
values of the maximum absolute error of flow
measurement in the direction of underestimation of
values are given in column 1; and in the direction of
overestimation of values are given in column 2.
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Fig. 10. The maximum absolute error of the flow
measurement in the direction of overestimation
of the values for the Sensirion sensor (observed
in the range of 60-100 1/min, on average 80-90
I/min). For the TSI sensor, the data are almost
identical
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Fig. 11. Integral of acoustic noise power at
frequencies from O to 500 Hz at a flow value of
100 1/min

Table 1. Averaged values of the maximum
absolute error of flow measurement

Notation 1 2
[8[0) 0,33943 3,210212
Ul 0,150989 3,425408
U2 0,033128 2,622054
U3 0,05 3,045
U4 0,0425 3,231882
U5 0,064365 2,713126
U6 0,088481 3,086918

Prospects for further development directions

In the perspective of further research, a more in-
depth study and analysis of various designs of
silencers and their influence on the operation of the
ventilator is planned [8]. As well as the development
of a mathematical model of laminar air flow in
ventilators taking into account the features of the

proposed designs of silencers of ventilation channels,
as well as the development of software for testing
according to the developed algorithm and air flow
model.

Conclusions

Testing the effectiveness of noise suppressors in
the ventilation ducts of ventilator systems is usually
performed to ensure the most comfortable and safe
environment for a patient receiving artificial lung
ventilation. Noise suppressors help to reduce the level
of noise generated by the ventilation system, thereby
reducing the negative impact of noise on the patient
and providing favorable conditions for his recovery. In
addition, checking the effectiveness of mufflers can
help identify potential problems with the ventilation
system and prevent them from developing further.

As a result of the research, a change in the design
of the angle duct in the oxygen tract was revealed in
comparison with the tested samples. Changing the
shape of the angle guide to the old version did not
significantly affect anything, but both angle guides
have different pneumatic features.

In addition, a significant effect on the accuracy
and repeatability of the measurements was observed
depending on the nature of the junction of the flow
straightener tube with the flow sensor. All muffler
designs have approximately the same -efficiency
compared to the current production version, as well as
measurements without a muffler. But in the muffler,
the U5 variant is characterized by the smallest
dependence on the position of installation in the
oxygen path, as well as the smallest flow
measurement error.
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MOJIEJIIOBAHHS TTAPAMETPIB TJIVIIIHUKA B BEHTWIALIMHUX KAHAJIAX
BEHTUJIATOPIB

[Tix wac TpuBajIOro cnocTepexXeHHs 3a poboToro anapary mryyHoi BeHTwisinii aerens (ILBJI) mogeni FOBEHT-T 6yino
MOMIY€HO MOPYILICHHS MOBTOPIOBAHOCTI 32 OJHAKOBHX yMOB poOoTH. ToOTo, Ha AeskuX amaparax came Iii€i Mojeni
JaTYMK TIOTOKY IOBITPS 32 OJHAKOBMX YMOB IIOKa3yBaB Di3HI 3HAYCHHS IIPH MOBTOPIOBaHHI BUMipioBaHb. lllmsixom
EKCIIEPUMEHTIB OYJIO BCTAHOBJICHO, IO 1I€ BUKJIMKAHO HEPIBHOMIPHICTIO IMOTOKY MOBITPSI BCEPEANHI BEHTHIISLIIHHUX
kaHaiiB anapary I1IBJI, sika cnpuurHEHa KOHCTPYKLIEIO BCTAHOBICHUX TaM DNIyIIHHKIB. OJHUM i3 HaIPSIMKIB JOCST-
HEHHS METH B po0OOTi OyJIO 3alIpOMOHOBAHO MPOEKTYBAaHHS TIYIIHHUKIB Pi3HUX BHYTPIIIHIX KOH(DIryparii, ski 0ymIyTh
MaTH Pi3HY IPOMYCKHY 3IaTHICTH 1 BIAMOBITHO (OPMYBAaTUMYTh MOTIK MOBITPS Pi3HOI iIHTEHCHBHOCTI.

CTaTTsl BUCBITIIOE MPOIIEC AOCTIDKEHHS Ta MOJCIIOBAHHS IMOTOKY TOBITPsl y BeHTWIAiHMX KaHantax [IIBJI amaparty
BHACJIIIOK BUTOTOBJICHHS KIJIbKOX TECTOBHX BapiaHTiB KOHCTPYKINH TIYITHUKIB, SKi Mamy O BUPIIIUTH mpobiemMy pi3-
HUX TIOKa3HUKIB BUMipIOBaHb NMOTOKY. OCHOBHA ijies ToJisTrayia B 3MiHI KUIBKOCTI Ta pOo3MipiB OTBOpPIB TIyIIHUKIB. Bo-
YeBUb, I’ SITh OTBOPIB 3 JiaMeTpOM 2 MM 3aHAJTO CHJIBHO PO3CIIOBAIIM TMOTIK MOBITPSI, Yepe3 1o OyB MiABUINCHUN pH-
3MK TypOYyJICHTHOCTI IIOTOKY IOBITpS, 1110 1 MOTJIO CHPUYMHHUTH HEPIBHOMIPHICTh HOT0 BUMipioBaHb. TOMy Ha BCiX HO-
BUX TJIYIIHMKAX JliaMeTp OTBOPIB OYyJI0 3MEHIIEHO 10 1 MM, aje 301IbIIeHO TX KUIBKICTh B 2 pa3H. 3arajioM OTpUMaHo 6
BapiaHTiB KOHCTpYKUii. Bci 6 BapianTiB Oyso cnpoektoBano B CAIIP SolidWorks, a Takosx 3xiificHeHO MOJeOBaHHS
MOTOKY JUISl TECTOBHX MOJIeJel. 3a pe3ysbTaTaMi BUMIipIOBaHb ITOTOKY MOBITps OyJIM OTpHMaHi rpadiyHi 3aneXHOCTI
JUISL KOXKHOTO 13 3pa3KiB IUTYIIHUKA, & caMe iHTerpall abcoItOTHOT MOXMOKM BUMIpIOBaHHS MOTOKY, IHTEIpajl MOTY>KHOCTI
IIyMY IOTOKY, IHTErpaJ MOTY>XHOCTI aKyCTHYHOTO IIYMY Ta MakcuMallbHa abCOJIIOTHA MOXHOKa BUMIipIOBaHHS Mapame-
TPiB TIOTOKY.

YV monanpmoMy 3amporioHOBAaHO PO3POOUTH MaTEMaTHIHY MOJIENb JIAMiHAPHOTO MOTOKY TOBiTps B amapati I[IIBJI 3
ypaxyBaHHSIM HOBMX KOHCTPYKILIH TIYIIHHKIB, a TAKOXXK CTBOPHUTH IIPOTpaMHE 3a0€3MEUEHHs I IPOBEACHHS TECTy-
BaHHSA 3T1HO PO3pOOJICHUX alNropuTMy Ta Mojemi. [IpoBecT ekcriepuMeHTaIbHE TECTYBAHHSI CPOEKTOBAHHUX TIIYIITHHU-
KiB, a TaKO’XK BUKOHATH OIIHKY PE3yJIbTATIB EKCIIEPUMEHTY.

Kurouosi caosa: 11IBJI anapat; BUMipioBaHHS IIOTOKY MOBITPS; TPUBUMIPHE MOJICIIIOBaHHS [TOTOKY HOBITPSI; 3HMKEH-
HSl LIYMY; 3HIKEHHS THCKY ITOTOKY rasy.
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