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Introduction

Adjustment of combined inlet-and-exhaust ventilation systems requires that the air flow rate be meas-
ured at the outlets or inlets of anemostats, diffusers, and ventilation grilles. In this case, the directions of the air
flow can be different. For example, at the outlet of the inlet anemostat [1], the air enters the room through a
concentric slot, spreading along the ceiling, and at the outlet of the rectangular grille, it jets towards the floor.
This difference in flows significantly complicates the measuring process, since the air must first be collected in
a single channel, and then directed to the probe of the measuring device. In this case, such a matching device,
or, in other words, an air collector, must have a minimum aerodynamic resistance in order to prevent the air
flow rate from dropping on elements of inlet-and-exhaust ventilation systems. Another requirement for an air
collector is the absence of reverse flows and turbulence at its outlet, since they can introduce a significant error
in the measurement of the air flow rate. The development of such a universal device would significantly sim-
plify the measurement process and improve the accuracy of air flow rate measurements [2].

In its catalog, Testo, a well-known manufacturer of measuring equipment [3] presented the test-
ovent417 kit, which serves precisely for the purposes indicated, and includes an air flow rectifier with a di-
ameter of 100 mm and two transition funnels — a round funnel with a diameter of 200 mm and a square one
with a size of 330330 mm. The manufacturer does not specify the dependence of the aerodynamic resis-
tance of the air flow rectifier and funnels on the air flow rate. Here, measurements are carried out using the
testo417 instrument, which includes a 100 mm impeller, significantly limiting the scope of its application,
since in all elements of the ventilation system with an area larger (r-0.1%)/4=0.00785 m’, the actual air flow
rate can be reduced by narrowing the channel.

There are other instruments used to measure air velocity or air flow rate. Most of them are single
point ones, that is, they allow a one-time measurement of a physical quantity at one section point. Such de-
vices include a differential pressure gauge with a probe in the form of a Pitot tube [4], hot-wire anemometers
[5] with a heated wire [6] or thermal film [7]. The aforementioned vane anemometers have integrating prop-
erties, however, when measuring the air velocity in channels whose diameters are comparable to that of the
impeller, errors associated with a change in the air flow rate due to the blockage of the channel are possible.
In [8], an assessment of the accuracy of point measurements in ventilation systems is given. It is shown that
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it is impossible to take into account all the factors affecting the error, which is why, when commissioning
and certifying ventilation systems, it is necessary to include an error of at least 20%.

It is possible to reduce the measurement error if one uses not point, but integral sensors, which en-
able to simultaneously measure the average air flow rate over the air duct section. The principle of operation
of such hot-wire anemometers [9] is based on the dependence of the heat transfer from the sensing element
on the air velocity. Due to the uniform arrangement of the sensing element over the channel cross-section,
such devices are practically insensitive to changes in the velocity profile. However, the presence of strong
turbulence, for example, at anemostat outlets, can adversely affect the measurement accuracy. To avoid this,
it is necessary to install a transitional air collector upstream of the integral hot-wire anemometer, which will
smooth the air flow. Such an air collector must have the circular cross-section of an anemostat. At the same
time, the air collector shape can be different. This article is devoted to the choice of the rational design of the
air collector, downstream of which a measuring device can be installed. The initial shape selection was car-
ried out using computer simulation, and the results were confirmed experimentally.

Determination of the Correctness of the Chosen Computer Model

The method for choosing the shape of the air collector is based on the visual observation of the air
flow structure at its outlet, where a measuring device is installed. When choosing the shape, priority was
given to structures that had neither reversing flows nor swirls and turbulences. After choosing the shape,
preference was given to the air collector with the minimum aerodynamic resistance and smallest design
height along its axis for the convenience of measurements.

The shape of the air collector
influences the structure of the air flow
as well as its own aerodynamic resis-
tance. To determine its value, there
was studied the indoor steady-state air
movement process whose model is
shown in Fig. 1. For this, two aerody-
namic problems were solved with the
same initial data (air flow rate and
room geometry). In the first problem,
the air entered an empty room through
the inlet anemostat and left the room
through the exhaust outlet. In the sec-
ond problem, an air collector and an
integral hot-wire anemometer probe
were connected to the inlet anemostat. .

The aerodynamic resistance of 400 i
an air collector can be considered as J e
the difference AP=P,—P; between the S=0mm §=2mm v
static pressure drop P,, which is the
result of solving the second problem,
and the static pressure drop P; ob-
tained as a result of solving the first
problem (P, and P, are the static pres-

Fig. 1. A sketch of the room with an anemostat installed
in its upper part

500

%
(=2
(=]

Pressure, Pa
A Y
N

[}
(=3
(=]
\
\
hY
AY
\
\
A
AY
hY

100
sure drops between the anemostat out- < L.
let and the exhaust inlet). /’:/_ P
Before proceeding with the 0 e==""

0 100 200 300 400 500
Air flow rate, m3/h

study of air collector structures via

computer-aided simulation, it was
necessary to make sure that the chosen | Fig. 2. Comparison of the computational and experimental aerodynamic
model was correct. resistances of a 150 mm diameter inlet anemostat
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In [1], technical characteristics of anemostats are given — the aerodynamic resistance dependencies on
the air flow rate. These dependencies were used as a basis for comparison with the computer simulation results
in order to quantify the reliability of the studies carried out for a steady air movement in a room with an anemo-
stat installed in the air inlet (see Fig. 1). The difference between static pressure drops relative to the inlet and
outlet is the aerodynamic resistance of the anemostat together with the resistance of the room. Due to the low
aerodynamic resistance of the room, it can be neglected. The reliability of the calculations performed using a
computer model was assessed by comparing them with the technical characteristics of the anemostat.

In Fig. 2, the solid curves denote the computational resistance dependencies on the air flow rate for
two valve positions of a 150 mm diameter anemostat at a valve stroke of $=10 and 23 mm, the dashed
curves refer to the resistances taken from the anemostat product catalog [1]. Having compared the aerody-
namic resistance, one can conclude that the computational model gives the results that are comparable with
the physical measurements, and one can assume that it can be used for research.

Overview of Anemostat Designs

The resistance of an anemostat depends on its design. There are three types of anemostat design [1]:
exhaust, inlet, and inlet-and-exhaust. Structurally, their difference lies in the form of the poppet valve. In an
exhaust anemostat, the valve has a convex shape towards the room, in an inlet anemostat, the valve has a
concave shape, and in an inlet-and-exhaust one, the valve has a flat shape.

In the initial state, when the control valve travels along the axis S=0 mm, the width of the concentric slot
between the diffuser and valve is 4-5 mm. This ensures the removal of air from the room in a minimum volume.
By changing the position of the valve, the flow rate of the air drawn from the room can be controlled. If an ex-
haust anemostat is used as an inlet one, then a conical stream will flow out of it, providing the desired air mixing.

An inlet anemostat forms a jet around itself trailing along the ceiling surface. Initially, the valve pro-
trudes from the diffuser. The trailing jet ensures an even distribution of the air temperature over a large area
around the anemostat, which ensures that there are no drafts in the room.

An inlet-and-exhaust anemostat, depending on the position of the valve, can form a jet with a vari-
able geometry: from conical to trailing.

The described jet flow patterns form various flow structures in a room. Connecting an air collector with a
measuring device to the anemostat changes the flow structure, converting it to the jet hitting the floor or other ob-
stacle, spreading in all directions with the subsequent formation of circulations in the volume limited by the walls
of the room. A similar flow pattern is observed when the air flow rate is measured in inlet anemostats. The flow
pattern difference inside the room should affect the aerodynamic resistance of both air collectors and anemostats.

Therefore, it was necessary to conduct studies to determine the effect of an air collector on the accu-
racy of measuring the air flow rate, and to obtain a quantitative assessment of the aerodynamic characteristics
of the air collector.

Since the air flow structures, depending on the air collector design, will differ from each other, one
should expect the air collector to have different aerodynamic resistances whose value was estimated using
computer simulation. In order to limit the volume of information provided on the research being conducted,
the geometric shape of the air collector was first chosen, and then the aerodynamic resistances of various
anemostat designs were determined for it.

Choosing the Air Collector Design

Initially, several air collector de- . 2 : - >
signs were chosen, differing both in the / K
shape of the channel and in geometry. s 7

The study of aerodynamic resistances and
the distribution of velocities at the outlet
of the matching device made it possible
to choose the following design: the air

collector has the shae of a funnel with a Fig. 3. Measuring device with an anemostat and an air collector:
p 1 —inlet channel; 2 — plate-shaped valve of the anemostat slot width

stilling Chann‘el at W}‘IOSG? outlet the probe regulator; 3 — funnel; 4 — rectifying section of the air duct; 5 —
of the measuring device is located. measuring probe
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When choosing the size of the air collector, the fact that it should not affect the air flow rate was taken into
account, i.e. its aerodynamic resistance should be as low as possible. To fulfill this condition, the area of any cross-
section of the air collector must be greater than that of the anemostat slot through which the air passes. For round
anemostats, the area of the slot width varies from 0.002 to 0.008 m”. In this case, the minimum diameter of the air
collector should be at least 0.16 m, and the diameter of 0.2 m can be used with some margin to increase the meas-
urement accuracy. It turns out that one funnel suits the entire range of anemostat diameters from 80 to 200 mm.

Fig. 3 schematically shows a measuring device. The formation of the jet direction and speed depends
on the geometry of the surfaces of the channel and the anemostat control valve, which forms a slot whose width
changes with the movement of the valve.

Initial data for rationalizing the air collector design:

— room dimensions — 4x4x3 m’ (48 m3);

— diameter of the inlet where the anemostat is installed, — 80, 100, 125, 150, 200 mm;

— diameter of the exhaust outlet — 300 mm;

— diameters of the conical funnel — 300 and 200 mm;

— height of the cone-shaped funnel — 200 mm;

— wall thickness of the funnel and cylinder — 2 mm;

— maximum area of the anemostat slot — 0.008 m”.

With the help of computer simulation, air flow trajectories were built when the air passed the measur-
ing section in the probe location area. The study of the flow pattern in the conical air collector and a 1 m long
cylinder attached to the narrow part of the truncated cone showed that with an increase in the air flow rate
downstream of the anemostat control valve, a swirl zone is formed (Fig. 4). This is typical for a small gap be-
tween the valve and the anemostat housing (no more than 5 mm). The intensity of swirls increases the length of
the downstream wake. The nature of the aerodynamic flow is not rectilinear, since there is a reverse flow in the
corners along the wall, the flow propagating practically along the entire length of the cylinder. With increasing
gap, the number of swirls decreases, and swirls are no longer observed at a gap of about 25 mm (Fig. 5).

Several studies of the air flow structure have been carried out for 80—200 mm-diameter inlet anemo-
stats at an air flow rate of 100—500 m’/h. As a result, it was concluded that the conical shape of the air collec-
tor does not meet the requirements for the flow structure.

To eliminate circulations and reversing flows in the flow path of the probe, the shape of the air col-
lector was changed. Instead of the truncated cone, a truncated paraboloid with a 200 mm inlet diameter was
taken, first narrowing to a diameter of 150 mm, and then expanding to a diameter of 200 mm (Fig. 6).

Fig. 5. Velocity fields through the anemostat, funnel and part of the cylinder for a 25 mm gap
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Fig. 6. Parabolic air collector with  Fig. 7. Trajectories of the air flow through a parabolic air collector installed
a measuring probe at the bottom on an 150 mm-diameter anemostat in a room

Computer simulation showed that behind such an air collector connected to a 150 mm-diameter inlet
anemostat and installed in a room, the air flows do not form swirling zones and reversing flows (Fig. 7).
Moreover, this picture is observed for the entire range of the anemostat control valve opening (5-23 mm).
This means that a measuring device can be safely installed at the air collector outlet.

Determination of the Resistance of a Parabolic Air Collector

Since the existing inlet air collectors differ from each other in channel diameter, and are geometrically
similar structures, it should be assumed that the air jets at their outlets will be geometrically similar. Thus, it can
be assumed that the patterns of the air flows in the flow channel of an air collector will be identical. This means
that the dependencies of the aerodynamic resistance of an air collector on the air flow rate for the entire series
of anemostats will be practically the same, and this study can be carried out for one anemostat having a channel
diameter, for example, of 150 mm. The results obtained can be extended to all the standard sizes of anemostats.
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Fig. 8. Comparison of the aerodynamic resistances of the air collector when measuring the air flow rate at the outlet
of the inlet anemostat and inlet of the exhaust one for the valve stroke S=4 and 23 mm
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The resistance of an air collector is weakly dependent on the stroke of the control valve, as can be
seen in figure 8. The maximum resistance of a parabolic air collector, when measuring the air flow rate at the
inlet anemostat for the flow rate of 500 m’/h and the valve stroke $=23 mm is 76 Pa, and at the exhaust one,
for the same flow rate, about 40 Pa. Such an almost twofold difference in aerodynamic resistance is caused
by a different air movement direction and a different flow pattern. In the exhaust anemostat, a smoother flow
is observed at a lower velocity due to the expansion of the flow and a wider gap between the surfaces of the
channel and valve.

The approximation of resistance dependencies on air flow rate makes it possible to obtain a correc-
tion for practically any measurement conditions on ventilation grilles and anemostats, which enables to in-
crease the measurement accuracy.

Experimental Studies of the Characteristics of an Airflow Meter Based on a Parabolic Air Collector

The results of the performed mathematical modeling were verified using experimental measurements.
The criterion for assessing the correctness of the measurement results for various designs of air distribution de-
vices was small deviations from the main calibration characteristic of the integral hot-wire anemometer probe,
the characteristic having been obtained under conditions of a uniformly distributed direct air flow [9].

The airflow —

meter  characteristics o
_ oy

were measured on a - | i \/’
test stand, which is an i |
open wind tunnel pre- i |
sented schematically in Ii'r“ / J i / | /
g [ o X

The  aerody- 1 2 3 4 5 & 7 2 9 10
namic characteristics of _
the test stand and air- Fig. 9. Test stand:
flow meter were meas- 1 — duct fan; 2 — coupling adapter; 3 — 100 mm-diameter air duct; 4 — Vitoshinsky nozzle;
ured in three sections | 2 —coupling sleeve with a built-in metal gauze and fabric filter; 6 — 200 mm-diameter air duct;
using pressure receivers. 7 — integral hot-wire anemometer probe; 8 — stilling channel; 9 — air collector; 10 — anemostat

Measurement section "A—A" is intended to measure the air velocity at the outlet of the Vitoshinsky nozzle in-
stalled in the air path in front of the duct fan inlet. Measurement section "B—B" is used to measure the aerody-
namic characteristics of the test stand. Measurement section "B— B" allows measuring the aerodynamic resis-
tance of an air collector. The air flow measurements were carried out with an integral hot-wire anemometer
probe [9] at the outlets of various diffuser designs, as well as anemostats with one and two control valves.

A parabolic air collector has an attached stilling channel with a length equal to 0.5 of its diameter. At
the outlet is installed an integral hot-wire anemometer probe. The studies were carried out for an 150 mm-
diameter anemostat with a poppet-shaped valve with whose help the air flow rate was controlled. The ex-
perimental studies have confirmed that changes in the valve stroke do not lead to significant deviations from
the main calibration characteristic. For anemostats with other geometric standard sizes, the calibration char-
acteristics differed from the main one up to 30%, depending on the valve stroke and anemostat diameter. The
reason for the deviations is the downstream-of-the-valve swirls, which hit the sensing element of the integral
hot-wire anemometer probe. The length of the stilling channel was insufficient to rectify the flow. By in-
creasing the length of the channel to two of its diameters, it was possible to achieve the coincidence of the
calibration characteristics (Fig. 10).

The resulting refined calibration characteristic is approximated by two dependencies:

Nu=0.331-Re*?**%<Re<1000;  Nu=0.1507-Re*****, 1000<Re<2000,

where Nu is the Nusselt number; Re is the Reynolds number.
This calibration characteristic can be used to measure the air flow rate using an integral hot-wire
anemometer at the outlets of anemostats of any standard size and design.
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Fig. 10. Calibration characteristic of the integral hot-wire anemometer probe with an air collector consisting
of a parabolic air collector and a stilling channel with a length of 400 mm long and diameter of 200 mm

Using a Parabolic Air Collector to Measure the Rate of the Air Flow Swirled by an Axial Fan or Swirl
Diffuser

If it is required to measure the air flow rate at the outlet of a swirl diffuser or a fan, rather than an
anemostat, the above dependencies cannot be applied, since the air flow swirl downstream of these devices
strongly affects the change in heat transfer from the integral hot-wire anemometer. Therefore, the design of
such an airflow meter was improved — a grille was needed that wood rec-
tify the swirling air flow. For this purpose, a rectifying grille, consisting
of eight 360 mm long, 98 mm high, 1.5 mm thick, and 45-degree-angle
spaced plates was installed in the 400 mm long and 200 mm-diameter
channel (Fig. 11).

The experimental measurements of the air flow rates at the outlets
of various swirl-forming devices have confirmed their almost complete
agreement with the main calibration characteristic (Fig. 12). As passive
swirling devices a VD400 swirl diffuser with a diameter of 400 mm and an
axial fan impeller with a diameter of 300 mm, mounted motionlessly in a
cylindrical channel with a diameter of 300 mm, were used.

Dependence 1 in figure 12 was obtained by measuring the air
flow rate at the outlet of the VD400 swirl diffuser in the absence of a rec-
tifying grille. Dependence 2 was obtained by measuring the air flow rate
downstream of the EBMPAPST DV6224 DC axial fan with a 143 mm-
diameter impeller. Dependence 3 was obtained by measuring the rate of
the air flows swirled by passive air distribution devices. As one can see,
the absence of a rectifying grille leads to an error of up to 30%.

Fig. 11. Rectifying grille installed
in the stilling channel

Measurement of the Aerodynamic Resistance of an Airflow Meter Based on a Parabolic Air Collector
with a Stilling Channel, Rectifying Grille, and an Integral Hot-wire Anemometer Probe

The aerodynamic resistance measurements were carried out when the air entered the room through the
parabolic air collector, stilling channel with a rectifying grille, and the integral hot-wire anemometer probe. The
final results of measuring the aerodynamic resistances of the above structural elements are shown in Fig. 13.

In figure 13, dependence 1 takes into account all the elements of the airflow meter design. The high-
est resistance is possessed by the air collector represented by dependence 3. The smallest ones, by the probe
(dependence 3) and the rectifying grille (dependence 4) whose aerodynamic resistance can be represented as
the difference between dependencies 1 and 2. Thus, the presence of the air collector has little effect on the air
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flow rate measurement results. This influence can be taken into account by means of a correction calculated
by the formula:
AG,=0.0274-G,"*'*, 0<Gv<600 m’/h,
where G, is the measured air flow rate.
The resulting correction must be subtracted from the air flow rate measured with the airflow meter
and integral hot-wire anemometer.

25

20
P —

=< a
1 2 /‘/4
f-"

15 /

Nu

.\
\
AY
"I
\
\
LY
1
w

10 ! =

&

0 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Re
Fig. 12. Calibration characteristics of the integral hot-wire anemometer probe downstream of the swirl diffuser
and the axial fan
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Fig. 13. Aerodynamic resistance dependencies on the air flow rate for the airflow meter including a parabolic
air collector, stilling channel with a built-in rectifying grille, and a hot-wire anemometer probe
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Conclusion

Taking into account the research results, it can be concluded that the design of the parabolic air col-
lector, the dimensions of the air flow rectifier, and the stilling channel have been chosen correctly, and the
airflow meter itself has versatility, and allows measuring the air flow rate at the inlets and outlets of almost
any air distribution device in ventilation systems. To measure the air flow rates at the outlets of large-
diameter swirl diffusers, it is possible to use large-sized airflow meter designs with a similar geometry. The
correction must be taken into account to refine the air flow rate measurement results.
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Bub6ip koHcTpyKIii yHiBepcaJbLHOr0 NMOBITPO30ipHIKA
JJISI TePMOAHEMOMETPUYHOI0 BUTPATOMIpa NMJIIHAPHYHOI (popMu

0. C. lakansHn, C. B. Komeab

[HcTHTYT IpOOIeM MammHOOYAyBaHHS iM. A. M. Ilinropaoro HAH VYkpainwu,
61046, Ykpaina, M. Xapkis, Byin. [Toxxapcekoro, 2/10

Buwmiprosanns eumpamu nogimps Ha 6uxo0ax nogimpopo3nooiibHUX NPUCMPOI8 6 CUCEMAX 8eHMUNAYIL no8's-
3aHO 3 BEUKUMU MPYOHOWAMU Yepe3 pisHoManimms yux npucmpois. Ha euxooax anemocmamis, uxposux ougysopis,
Ppeuimox mModice CnOCmepicamucst 3aKpymKa nOGImpsaHo20 NOMOKY, 1020 pi3ke CIMUCHEHHS a0 pPO3WUPEHHs, 3MiHA Ha-
npsAMKY 1 m.0., Wo npu38o0Ums 00 GeIUKUX NOXUOOK npu sumiprosantsax. Tomy icHyeana neoOXioHicms 6 po3pobyi yHisep-
CanbHO20 BUMIPIOBATLHO2O NPUCIPOTIO, SAKULL 00380/1U6 OU NPOBOOUMY GUMIPIOGAHHS BUMPAMU NOGIMPSL 3 BUCOKOIO MOYHI-
cmio. Bin nosunen cxnadamucs 3 nogimpo3oipnuxa (01 30ipku i nepemeopenHs NomoKie nogimps 8 NPAMOAIHIUHUIL) |
damuuxa 0N SUMIPIOGAHHS UMpamu nogimpst (inmezpaibrHo2o mepmoanemomempa). Ilpogedeno docnioxcenns OeKinb-
KOX KOHCMPYKYIl nogimpo30ipuuxie. Ak payionarbhutl 00pano nogimpo3oipuuk napaboniunoi gpopmu. Bin mae nesenuxuii
aepoounamiunull onip i 0obpe nepepo3nooiisne nogimpsaHull Nomix. s 3uudicenns eniuey mypoynisayii i 3aKpymxu noei-
mpsi 00 NOGIMPO3OIPHUKA NPUEOHYEMBC YUTNTHOPUYHUL 3ACNOKILIUGUL KAHA, 8 AKUL 80Y008AHA BUNPAMIAIOYA PEWIMKA
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AEROHYDRODYNAMICS AND HEAT-MASS TRANSFER

¥y ghopmi ocoMmuKinyesoi 3ipku. Excnepumenmanvii 00CiodicenHs Ha Pi3HUX NOGIMPOPO3NOOITLHUX NPUCTIPOSX 00360UU
OmpuMamu YmoyHeHy 2p  AOYI08AbHY 3ANeHCHICMb Ol IHMe2PAIbHO20 MEePMOAHEMOMEMPA, 3a AKOK POIPEYEMbCS
sumpama nogimps. Bnius aepoounamiyno2o onopy sumpamomipa Ha sumpamy HOimps 8paxo8yemMvbcsa NONPAsKoI0, AKY
HeoOXIOHO BHOCUMU 8 BUMIDSIHT 3HAYUEHHS.
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