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1. Introduction

The growth in demand for various gas mixtures of spec-
ified compositions is due to the improvement of existing and
the development of new technologies in various industries.
First of all, this concerns microelectronics, biotechnologies,
environmental monitoring, and scientific research [1,2].
Significant volumes of mixtures are used for checking (cal-
ibration) of gas analyzers and chromatographs as well as
gas-analysis systems on their basis [3, 4].

Gas mixtures are produced by various methods [5, 6],
but an industrial application was achieved by one of the stat-
ic methods, the method of partial pressures (in high-pressure
cylinders), which has become the basis of a centralized sys-
tem for production of mixtures at gas-filling stations. How-
ever, preparation of such complex multi-component gas mix-
tures of specified compositions and their storage is difficult
and sometimes impossible [7]. This applies to the mixtures
with components prone to condensation, disintegration, or
diffusion through cylinder walls.

Dynamic methods, in contrast to static ones, are devoid
of a number of the aforementioned shortcomings [8]. The
gas-dynamic throttle method for preparation of complex
gas mixtures is promising as multicomponent mixtures of
specified compositions can be continuously prepared on

its basis at the place of their consumption [9]. However,
mainly binary gas mixtures with macro concentrations of
components in the range [1; 100] % can be practically pre-
pared by this method.

Synthesis of gas mixtures by the gas-dynamic method
is influenced by various factors, mostly these are changes
in external pressures: the pressure of pure component
sources, barometric pressure, and pressure at the device
exit (caused by instability of the mixture consumption).
These changes cause deviation of the dosing throttle op-
erating parameters from the nominal resulting in a change
in the mixture component concentrations. As a rule,
errors in component concentrations occurring in known
dynamic gas mixing devices are at a level of 2-3 % [3].
Influence of external pressures, usually an excess pressure
at the input of the dosing throttles, is significant, there-
fore their changes are restrained, although not always
sufficiently, by various means of pressure stabilization,
[10, 11]. Other methods of reducing influence of external
pressures, including stabilization of absolute pressure at
the ends of the dosing capillaries as well as compensation
for external pressure variations are known as well. How-
ever, these methods of eliminating influence of external
pressures in gas-dynamic synthesizers require a separate
study [9].




2. Literature review and problem statement

The dynamic method for preparation of gas mixtures of
a specified composition involves assignment of flow rates for
the components mixed by throttles installed in the channels
of the mixture components [10].

The most promising dosing throttles of the gas-dynamic
mixers are glass capillaries, which have stable flow charac-
teristics [12].

Concentrations in the mixture determine flows of the
components metered with the mixer capillaries. Thus, the
mass concentration 7; of the i-th component is obtained from
dependence:
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where G, G, are the mass flows of N mixed gases in the chan-
nels of the i-th and the j-th components, respectively.

As it follows from dependence (1), invariability of con-
centrations of the mixture components can be provided in
two ways:

— stabilization of the component flows;

— maintaining constant flow ratios G, /G,.

The first method involves pressure stabilization at the
ends of the dosing throttles and thereby ensuring constant
flow values. As a rule, either input pressures of the gas
components or the pressure differential in the dosing throt-
tles is stabilized [13]. For example, input gas pressures are
stabilized in the scheme of the mixer for preparation of re-
spiratory gas mixtures and the ternary mixture components
from the throttle outputs enter the chamber and form the
corresponding mixture [14].

Pressure at the input of the adjustable throttle in the
system for preparation of gas mixtures with micro concen-
trations of components is maintained with the pressure reg-
ulator and pressure at the output is determined by a column
of the liquid through which the metered gas is bubbled [15].

In order to reduce the load effect in dynamic systems,
in addition to the stabilizing pressure at the throttle inputs
with the help of “offtake” regulators, “intake” regulator is
installed at the throttle output [10].

In the gas mixing system [16], component pressures in
channels are stabilized with the help of separate regulators
and mass flow rates are measured in each of them to deter-
mine concentration.

For environmental monitoring, gauging gas mixtures
are prepared by means of an installation in which channels
contain in-series connected pressure regulators, a Molbox/
Molbloc block and a mass flow controller. The metered com-
ponents are mixed in a chamber to form a gas mixture of a
specified concentration [17].

Because of non-identity of characteristics of the pressure
regulators used at the inputs and the use of another type of
regulator at the output, disproportionate (or even multidi-
rectional) pressure variations occur at the ends of the dosing
capillaries. This leads to disproportionate changes in the
component flows and therefore to a deviation of concentra-
tions from specified values. Consequently, this method does
not ensure high accuracy of maintaining concentration of
the mixture components.

Another way of maintaining concentration constancy is
to provide unidirectional pressure changes (proportional for
full compensation) at the inputs of all dosing capillaries. This

requires the same operating conditions for the capillaries, in
particular, pressure at their inputs. For example, equality
of input pressures in the mixer channels is determined by
difmanometer readings [18]. However, the same operating
conditions for dosing throttles do not yet provide full com-
pensation for the pressure changes because of non-identity of
curvature of the throttle flow characteristics. Therefore, in
order to significantly reduce the effect of external pressure
changes, it is necessary to investigate dependence of this
effect on the size of the flow channels in dosing capillaries.

Consequently, development of gas-dynamic synthesizers
using dosing capillaries which would enable compensation
of the effects of external pressures should be considered
promising. This, in particular, will also ensure replaceabil-
ity of high-precision stabilizers with typical regulators and
preparation of mixtures with admissible deviations of the
component concentrations.

3. The study objective and tasks

This study objective was to reduce component concen-
tration errors in the mixtures obtained by the use of gas-dy-
namic synthesizers through compensation of the effect of
changes in external pressures.

To achieve the goal, the following tasks were set:

— to investigate influence of external pressures on con-
centration of mixture components for the main types of
schemes of the flow summarizer;

—to determine conditions for minimizing influence of
external pressures on the concentration of components;

— to develop a high-precision synthesizer of gas mixtures
for calibrating blood analyzers.

4. Construction and study of schemes of
the gas-dynamic synthesizers

The scheme of gas-dynamic synthesizers is constructed
on the basis of a flow summarizer (Fig. 1, a), the channels
of which contain throttle elements 7r; (nozzles, diaphragms,
watch jewels, capillary tubes) dosing corresponding gas
components Gas; (i=1,..,N) of synthesized mixtures. Pres-
sures P, are assigned at the throttle Tr, inputs which are
usually different. Pressure P, in the throttle 77, outputs
integrated in one channel is maintained greater or equal to
atmospheric pressure P,. This is how the throttle elements
use capillary tubes CE:
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Fig. 1. Schematic diagram of: @ — summarizer of
N flows of the mixture components; b — package with
a sample of capillaries

The flow of the i-th component of the gas mixture through
the capillary CE; is a function G=f(,[,P,, P, T, p, R, &).



Parameters of this function include geometric dimensions of
the capillary diameter d, and length /, of its passage channel,
absolute input and output pressures (P,, and P,), absolute
temperature 7, dynamic viscosity p,, gas constant R, and
coefficient § of end effects [9].

Dimensions of the passage channels of capillaries belong
to the ranges of their permissible values, in mm: de[0.05; 0.5]
and /e[5; 150] [12].

To expand the range of the component concentrations
of the synthesized mixtures in the channels of the flow
summarizers to the place of individual throttles Tr, (capil-
laries CE)), packages of Pc, capillaries are installed. Such a
package (Fig. 1, b) is a parallel connection of the capillaries
CE,, (j=1...,n;) and an electromagnetic valve VI, is installed
at the output of each capillary. Activation of a certain
combination of valves VI, ; involves corresponding dosing
capillaries forming flow G, in the channel of the i-th compo-
nent which ensures preparation of a mixture of the specified
composition.

4. 1. Summarizer of binary mixture

Changes in external pressures influence in various ways
concentration of components of the resulting mixtures de-
pending on the scheme and dimensions of the capillaries.
Therefore, it is necessary to determine the impact of these
factors and develop measures for its reduction (compen-
sation). It is advisable to perform study of the schemes of
binary mixture synthesizers and extend the obtained results
to N-component synthesizers.

The influence of external pressures P, P,, and P, on
concentrations of components was studied at deviations
A,=500 Pa in the case of the use of typical means, i.e. pres-
sure regulators of SDG type [19]. Effect of barometric pres-
sure P, was investigated at its change by A,,=2 kPa.

Fig. 2 shows two main types of the schemes of flow sum-
marizer with various ways of pressure setting at the inputs
of dosing capillaries.

Fig. 2. Schemes of two flow summarizer with
pressures at the inputs of the dosing capillaries being
different (a) or equal (b)

In the diagram of Fig. 2, a, components Gas, and Gas,
from the sources of compressed gases flow through in-series
connected alternating throttle (Tr, and Tr, respectively)
designed for smoothing changes in supply pressures and an
accurate setting of the specified input pressure (P, and P,,)
and the dosing capillary (CE, and CE,). The input pressures
for the synthesis of mixtures with significantly different (up
to two orders of magnitude) concentrations of components
are set in general by different (P,#P,,). A variable throttle
Tr, is installed at the output of the flow summarizer to
ensure precise setting of P, pressure. All elements of the
synthesizer are placed in a thermostat 75.

Influence of external pressures (P, P,,; P,; P,) on con-
centrations (r,, 7,) of the components of the binary mixture

was investigated for various dimensions (d,,1l; d, 1,) of
the dosing capillaries CE, and CE, of the flow summarizer.
Dependences for determining dimensions of the passage
channels of the capillaries were derived from the flow char-
acteristics [12].

The values of dimensions (d,, /,) of the capillary CE, are
such as to determine the flow rate G, of the Gas, component
in the mixture at an absolute temperature T of the metered
gas and the pressures P, at the input and P, at the output of
the capillary. In this case, one of the dimensions, for exam-
ple d,, is chosen from the range of allowable values so that
the determined length
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belongs to the aforementioned range of permissible lengths /;
ay=4np, /& X, = (512Rg1 Tuf)i ; B=Pi-P..

The dimensions (d,, ,) of the capillary CE, are such that
they set the flow G, (G,=G,r,/r,) and concentration r, of the
Gas, component at pressure P,,. In this case, for example,
diameter is determined for the length /, selected from the
range of permissible values
1/4

d,=([4mp,X,B,]'1,6,[G,A;" +2])

2 Similarly, other
dimensions (d,, [,) of the capillary CE, are obtained from the
ranges of allowable values and the dimensionless parameter
K,, is determined. This parameter is the ratio of the complex
K, =&d}[? of capillary CE, and complex K, =E&d,[;* for the
determined dimensions of CE,, i. e.

A=ayl, X,=(512R,Tu)"; B,=P%-P".

K,=K,/K, :d1411_2 /(d;lz_2)

The following are the results obtained in the study of
the binary mixture synthesizer scheme for 10 % CO, in N,
at absolute pressure values: P, =115 kPa and P,,=150 kPa,
P =105 kPa and P,=100 kPa. Temperature T of the compo-
nents was stabilized at a level of 310 K.

Fig. 3, a presents graphs of dependence of the relative er-
ror &r, of CO, concentration on the design complex K, of the
synthesizer capillaries during the change of external pres-
sures. Graphs 1 and 2 were derived respectively for the input
pressures: P,,—A, and P,+tA, (1); P,+A, and P,,—A,(2);
graphs 3 and 4 for the output pressures P, +A, and P, —A,,
and graphs 5 and 6 were obtained at the change of baromet-
ric pressure Py+Ap, and Py—Ap,.

As it follows from the graphs (Fig. 3, a, b), the influence of
external pressures on concentration of components is signifi-
cant. For example, the total boundary relative error r, of CO,
concentration in the mixture makes 8 % and the mean square
error makes 5.7 %. However, as can be seen from the graphs
in Fig. 3, a, influence of these factors hardly depends on the
dosing capillary structures (parameter K,,), hence it is impos-
sible to compensate for the effect of these factors by selection
of dimensions. Similar results were obtained for other binary
mixtures with various component concentrations.

Similar studies were performed for the throttle scheme
shown in Fig. 2, b with pressure equalization (P,,=P,,=P,) at
the inputs of the capillaries and shown below for the mixture
(10 % CO,*N,). Pressures at the inputs of capillaries CE, and
CE, are equalized by means of the assembly UE containing a
tee with a variable throttle Tr, at the output through which a
part of flow of each component is discharged. The tee inputs



are connected to the inter-throttle chambers, one of which is
formed by the variable throttle Tr, and the capillary CE,, and
the other is formed by Tr, and CE,. The gas-dynamic resis-
tances of the variable throttles Tr,, Tr,, and Tr, are chosen so
as to prevent flow of one component into the channel of the
other component.
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Fig. 3. Graphs of dependence of relative error ér,(K,,) at
the change of external pressures of the flow summarizers:
a — with different pressures at the capillary inputs;

b — with equal pressures at the capillary inputs

Graphs of dependence of &r, of the CO, concentration
on K, are shown in Fig. 3, b for a scheme with equalizing
of pressures P, of the flow summarizer when external
pressures change. Graphs 1 and 2 for the respective input
pressures P,+A, (1) and P,—A, (2), graphs 3 and 4 for
output pressures P_+A, and P,—A, and graphs 5 and 6 for
a change in barometric pressure Py+A,, and P,—A,, were
obtained.

As it follows from the graphs in Fig. 3, b, influence of
pressures on concentration of the mixture components is
an order of magnitude smaller than in the case of preparing
a mixture with a synthesizer based on the scheme with the
flow summarizer presented in Fig. 2, a. The total limiting
error 87, does not exceed 0.8 % and the mean square error
does not exceed 0.5 %. In addition, it is clear from the graphs
that the capillaries for which K ,=0.45 compensate for the
influence of external pressures.

It follows from the results of the study that the synthesiz-
ers built on the basis of the first scheme presented in Fig. 2, a
need high-precision means of external pressure stabilization
for their operation. The scheme with pressure equalizing can
operate in a wide range of variation of the external pressures
(without high-precision means of their stabilization) and
ensure compensation.

4. 2. Minimizing effect of external pressures

To compensate for the effects of external pressures as
set forth above, it is necessary to equalize pressures at the
capillary inputs. The capillary dimensions ensuring indepen-
dence of concentrations of the binary mixture components
from the pressure changes are determined from the condition

3
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where pe{P; P,; P,}.

According to the dependence (1) and taking into account
the expression for the gas flow through the capillary [9],
concentration 7, can be represented as
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where, besides the known, A,=a,/; Y=K X, i=1,2 is the index
of the mixture component; B=P’-P? P,=AP+P; P =
=AP_+P,; AP, and AP, are overpressures at the capillary
input and output respectively.

After substitution of partial derivatives in expression (2),
K,, is obtained at which there is no influence of pressures on
the mixture component concentrations:

K, =K, K; = X(1X2 = Rg1Rg£1 HfMEQ- 4)

As it follows from condition (4), the K, complex only
depends on the thermal-physical parameters of the metered
gases and does not depend on the external pressures and
concentrations of the mixture components.

For ease of use, it is expedient to represent condition (4)
in a form of two equations one of which relates the lengths,
and the other relates diameters of the capillary channels
with concentrations and thermal-physical parameters of
the mixture components. To this end, the relation (4) is
presented as equality Y,=Y, which upon taking into account
expression (3) and transformations forms a system for deter-
mining dimensions of capillaries of the flow summarizer for
two laminar gas streams:

l,= [7’171 - 1]“1”51 L;
dy=[r"1]"[Ri'R,, ] d; 5)
4G, [mud, ] <2320.

Consequently, the calculation of capillaries based on
system (5) ensures full compensation for the influence of
external pressures on the concentrations of components of
the synthesized binary mixture.

4. 3. Effect of deviations of the capillary dimensions
from the calculated dimensions

In practice, the values of the calculated dimensions of
the capillary passage channels can be only obtained with
a certain error. For example, measurement of the capillary
channel length / by micrometric means is performed with an
absolute error A=0.01 mm which corresponds to a relative
error of 0.2 ... 0.07 % for the capillaries from the range of
acceptable lengths.



The capillary diameter d affects the flow much more
than the length since it is included in the fourth power in its
flow characteristic. Measurement of the internal diameter
of capillaries in the range of 0.05...0.5 mm is a complex task
since the passage channel is not strictly cylindrical. In this
connection, while the proposed gas-dynamic method pro-
vides relative error §, of diameter determination at the level
of 0.6 % [20], the corresponding absolute error (in mm) is
A=8,d=310" .. 3-10°.

Taking into account the errors in measuring the lengths
of capillaries and determining their diameters, the errors
in specifying concentration of components for a mixture of
10 % CO, in N, were estimated and the effect of external
pressures on the component concentrations was studied.

It was established that for the flow summarizers of the
both schemes presented in Fig. 2 under nominal pressure,
the dosing capillaries {d,*A,,, [, *A; d,*A,,, [,*A} ensure
concentration of CO, with a limiting relative error &r, at
the level of £4 %. In this case, dimensions (in millimeters)
of the flow summarizer capillaries from Fig.2,a calcu-
lated as described above were d,=0.12, [,=9.74 for capil-
lary CE, and d,e[0.1979; 0.3073], Le[5; 150] for capillary
CE, [5; 150]. Dimensions of the flow summarizer capillaries
from Fig. 2, b determined from the system (5) were (in mil-
limeters) d,=0.08, [,=5.14; d,=0.2687, 1,=39.10.

Limit deviations Ar, of concentration 7, resulted from the
changes in external pressures were determined which for the
input, output and barometric pressures in the schemes with
the input pressures were (in % abs/kPa):

— different: Ar,(AP,,, AP ,)=1; Ar,(AP,)=0.6; Ar,(AP,)=0.03;

— equal: Ar,(AP,)=210"% Ar,(AP,)=1.5-10% Ar (AP,)=4-10".

Consequently, the scheme of the flow summarizer with
pressure equalizing and dosing capillaries having dimen-
sions determined by the system (5) ensures synthesis of
mixtures in which component concentrations are practically
independent of the changes in the external pressures. Since
it is impossible to ensure in practice the calculated capillary
dimensions, an error of setting concentrations arises. How-
ever, this error can be reduced by shortening the channel
length for one of the capillaries according to the results of
measuring the mixture component concentration with the
help of a gas analyzer installed at the synthesizer output.

4. 4. Mathematical model of the flow summarizer for a
multicomponent mixture

The N-component mixture can be presented as a compo-
sition of N-1 binary mixtures, each containing, for example,
a component with a maximal concentration in the multi-
component mixture. Then the N-component gas mixture
(Gas,+Gas,*..+Gas,) with the highest concentration r, of
the component Gas, and concentrations 7,,...,r, of the rest
components can be considered an aggregate of N-1 binary
mixtures like (Gas,+Gas,)+...+(Gas, +Gas,).

To determine concentration of 7, of the i-th component
of the binary mixture (Gas;+Gas)), it will suffice to take into
account the fact that the flows G, and G; of the correspond-
ing components are proportional to the concentrations of ,
and 7;in the multicomponent mixture. Then the dependence
(1) for r,, takes the form

n=(1466,) = (1+1,)" (6)

and concentration of the j-th component of the mixture
(Gas,+Gas)) is determined as r,=1-7;,.

Making use of the known concentrations of components in
the prepared binary mixtures, dimensions of the capillaries for
synthesis of a multicomponent mixture are determined.

The system based on (5) supplemented by the equation (6)
provides determining dimensions of the flow summarizer capil-
laries for N components with concentrations 7,,...,7y:

L=[rn = ]wws'

dj = [rbi_1 - 1]1/2 [Rg;1jo ]1/4 di; (7)
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where, in addition to the known, d,, /; are respective diam-
eter and length of the capillary CE; with known (specified)
dimensions in the channel of the i-th component; d, [, are
the determined dimensions of the capillary CE; in the j-th
component channel.

Channel dimensions for the rest of capillaries can be
determined not only through one specified dimension, but
through any other dimension, which was already calculated
at a certain iteration.

If the calculated dimensions of the capillary are beyond
the upper limit of the range of acceptable dimensions, then
this capillary is replaced with an equivalent package of cap-
illaries [21]. The packages may have capillaries both of the
same dimensions (the same flows) and the dimensions that
provide multiple flows. To compensate for effects of external
pressures, flow characteristics of the capillaries from the
package should have the same curvature as the capillary to
be replaced. For practical reasons, the number of capillaries
in the packages should be limited to two dozen but the use
of such packages still does not ensure achievement of low
concentration ranges (e. g. 7<0.01 %).

5. Gas-dynamic synthesizer for calibrating
the blood analyzer

Gas mixtures of specified compositions are used for
checking gas analyzers, in particular, blood analyzers. To
calibrate electrodes of Radiometer Medical analyzers, the
following mixtures are used: a binary mixture (11.22 % CO,)
and a three-component mixture (19.76 % O, and 5.60 % CO,
inN,) [22].

Fig. 4 shows a diagram of the developed synthesizer of
the binary and three-component mixtures which has three
inputs (=1, 2, 3) for pure gases (O,, CO, and N,). The i-th
component passes via a corresponding channel through
in-series connected stabilizer Sp, of over-pressure, a variable
throttle Tr, and a heat exchanger HE, which provides tem-
perature 7=310+0.2 K for the components and all elements
of the synthesizer equal to the thermostat Ts temperature.

Next, the corresponding components are dosed out with
capillaries: O, with capillary CE,, N, with capillary CE,, and
CO, with capillaries CE,, and CE,, from the package Pc.
The pressures at the inputs of the capillaries are equalized
using units UE, and UE, (Fig. 2, b). Pressure P_>P, is set at
the outputs of the capillaries with the variable throttle T7,.
To prepare a binary mixture, dosing capillaries {CE, ,; CE,}
are engaged by activating the “normally closed” electro-
magnetic valves {VI,,; VI,}. To obtain a ternary mixture,



capillaries {CE; CE, ,; CE.} are engaged by activating valves
{Vl; V1, ; VI,}. The microprocessor unit MCU controls the
synthesizer’s operation.
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Fig. 4. Schematic diagram of the synthesizer for preparation
of calibrating gas mixtures (CO,+N,) and (CO,+0,+N,)

Dimensions (in mm) of the dosing capillaries of the syn-
thesizer calculated by the system (7) are as follows: d,=0.12,
,=30.00; d,,=0.0590, [, ,=11.65 and d, ,=0.0766, [, ,=19.62;
d,=0.2411, 1,=131.32.

The dosing capillaries with calculated dimensions are
manufactured with the abovementioned errors resulting in
the problem of setting component concentrations in the mix-
ture. The maximum relative error of setting concentrations
of the component with the smallest content in the mixture
does not exceed 5 %.

The deviations in component concentrations resulting
from the change in external pressures which do not exceed
4107 % abs/kPa indicate actual independence of concen-
tration from the changes in external pressures.

Consequently, the errors of dimensions of the dosing cap-
illaries of synthesizers for both binary and ternary mixtures
cause deviations at a level of several percent of the specified
values of the component concentrations (the specifying
error). However, the ratio of component flows remains virtu-
ally insensitive to the changes in external pressures.

6. Discussion of the results obtained in the study of
effect of external pressures in dynamic gas mixers

According to the study results, it was found that it is
impossible to compensate for the effect of external pressures
on the flow summarizer scheme in which different pressures
at the flow summarizer inputs are set and maintained by
separate stabilizers. The mixture synthesizers built on its
basis are characterized by significant influence of external
pressures, in particular, for the given example, the limit
concentration deviations (in % abs/kPa) of CO, Ar, from the
changesin P, P, and P, were 1; 0.6 and 0.03 respectively.

In contrast to the mentioned scheme, the scheme of the
flow summarizer with equalizing of the input pressures
opens the prospect for making high-precision gas-dynamic
synthesizers. Application of such a scheme enables at least
partial compensation for the effect of external pressures on
the component concentrations for arbitrary designs of the
dosing capillaries. This is due to the fact that the input pres-
sures in the scheme change undirectionally and the flows of

the metered components of the mixture vary accordingly.
Full compensation for the influence of external pressures is
possible by ensuring proportionality of changes in the flows
of the metered components which can be obtained through a
certain ratio of dimensions of the flow summarizer capillar-
ies. This ratio is obtained from the condition (2) of indepen-
dence of the component concentrations from the influence
of external pressures represented by the system (5) for the
capillaries of the flow summarizer for binary mixtures and
the system (7) for the multicomponent mixtures.

The use of dosing capillaries with channel dimensions
differing from the calculated dimensions causes deviation of
the component concentrations from the specified values at a
level of 4 % abs for the both schemes of the flow summarizers
given in Fig. 2. If necessary, this deviation can be reduced
by shortening the capillaries during the measuring control
of the component concentration in the synthesized mixture
with the help of a gas analyzer.

For the flow summarizer with pressure equalization,
the limit deviation of the component concentrations re-
sulting from the changes in external pressures is lower by
2 orders of magnitude and therefore it can be assumed that
the component concentration is practically independent
from variation of these factors. Besides, synthesizers with
pressure equalization do not require high-precision stabi-
lization but just a limitation of pressure changes within
a certain range which is determined by the design and
adjustment of the UE unit.

Consequently, it can be asserted that making of synthe-
sizers based on the scheme with equalizing of the metered
component parameters, in particular pressures, is promising.
However, clarification of possibility of this scheme applica-
tion for designing high-precision gas-dynamic synthesizers
of mixtures in the ranges with lower component concentra-
tions requires further study.

7. Conclusions

1. Influence of external pressures on the mixture com-
ponent concentrations for the main types of schemes of the
flow summarizers was studied. It was shown that the use of
the flow summarizer with pressure equalization at the ends
of the dosing capillaries provides a ten times reduction of
the relative error in the mixture component concentrations
in comparison with the flow summarizer in which the input
pressures are maintained by individual stabilizers.

2. A system of equations for determining dimensions
of the flow channels in the dosing capillaries of the flow
summarizer with pressure equalization which ensure propor-
tionality of changes in the flows of the metered components
during the change in external pressures and thus constancy
of the component concentrations was obtained. It is also
important that the synthesizers constructed on the basis of
such a flow summarizer do not require high-level mainte-
nance of pressures or flows.

3. Based on the scheme of flow summarizer with pressure
equalization, a high-precision gas-dynamic synthesizer of
binary and ternary mixtures was developed for calibrating
blood analyzers. The dimensions of the flow channels in
the dosing capillaries of the flow summarizer provide inde-
pendence of the component concentrations in the prepared
mixtures from the changes in input, output and barometric
pressures.
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