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[IpoBenena mnpoBepka AOCTOBEPHOCTHM M OLICHKA
TOYHOCTH M3MEpPEHHUs a’pOAMHAMUYECKUX Iapa-
METPOB B LIEHTPOOEXKHBIX MblIeynoBUTELIX. [Ipo-
AQHAJIM3UPOBAHBI TpeOoBaHUs HOPMaTUBHO-
TEXHUUYECKON TOKYMEHTALUU K CXEMaM M METOJaM
IIPOBEJCHUS a9POJUHAMUYECKUX UCIIBITAHUN U BbI-
OpaH HamOoJiee ONTUMAJILHBIN. BeITONTHEHBI pacué-
ThI IOTPEUIHOCTEW U3MEPEHUS 1aBJIICHUM, CKOPOCTH
U pacxoja Bo3AyXxa KOMOMHMPOBAHHBIM NMPUEMHU-
KOM JIaBJICHHS B COYeTaHUM ¢ auddepeHnnanbHbM
MaHOMETPOM, a TAKXKE IMPOBEPEHA JOCTOBEPHOCTH
SKCIIEPUMEHTAIBHOIO OIPENEIICHUs MCKOMBIX IIa-
paMeTpoB Ha IIpUMEPE MOJIHOIO NaBiieHud. [l mo-
BBIIICHUS TOYHOCTH H3MEPEHHUM PEKOMEHI0BAHO
WCIIOJIb30BaTh Pa3jIMYHbIE 30H/BI JABJICHUA C Y4é-
TOM JAMana3oHOB U3MEPSEMBIX BEINYHH.
KuaroueBble ciaoBa: adpoauHamuka, 3¢QQeKTuB-
HOCTb, LMKJIOH, JKCIIEpUMEHTAJIbHAs YCTaHOBKA,
KOHCTPYKTUBHBIE ITaPAMETPHI.

Beenenne. B npeaplaynimx Ucciea0BaHUsAX aBTO-
POB 3KCIIEPUMEHTAJIbHBIE MCCIIEOBAHUS MPOBOIHU-
JUCh Ha MaJopa3MEepHbIX MAaKeTaxX LUKJIOHHBIX ail-
napatoB [1]. IlepBeiii Bapuant mabopaTopHO
YCTaHOBKH JUIsl MCCIIEIOBAaHUS IIEHTPOOECKHBIX IIbI-
JIeYJOBUTENEH ¢ TOYKU 3PEHUS MPOU3BOJCTBA CPAB-
HUTEJIBHBIX HUCIBITAHUNA U JJOCTOBEPHOCTH H3MEpE-
HUW OKa3zajcsi HempuemsieMbIM [2]. Manbie pa3me-
PBl LIEHTPOOEKHBIX armapaToB, C OJHOW CTOPOHBI,
YaCTUYHO NPUBOJWIM K HEKOPPEKTHOCTU H3MeEpe-
HUM, K HEBBINOJIHEHUIO TpeOOBaHUII HOPMATUBHO-
TEXHUYECKOW OKYMEHTAllMl K H3MEpEeHHsIM, a ¢
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The article provides the consistency check and
accuracy evaluation of measurement of aerody-
namic parameters of centrifugal dust collec-
tors. It analyzes the requirements of normative-
technical documentation to schemes and meth-
ods for conducting aerodynamic tests and then
selects the most optimal one. The paper presents
errors calculations of pressure, velocity and air-
flow measurements by the combined pressure
inlet in combination with a differential manom-
eter. It also verifies the accuracy of the experi-
mental determination of the unknown parame-
ters on the example of the total pressure. To im-
prove the accuracy of measurement it is rec-
ommended to use different pressure probes, tak-
ing into account the measurement ranges.

Keywords: aerodynamics, efficiency, cyclone,

experimental facilities, design parameters.

Introduction. Previously the authors have con-
ducted experimental studies on small-size models
of cyclone devices [1]. The first version of the
laboratory facility for studying centrifugal dust
collectors was unacceptable from the point of
view of comparative testing, and the reliability of
measurements [2]. The small size of the centrifu-
gal apparatus, on the one hand, partially led to the
incorrectness of measurements, to failing to com-
ply with the requirements of normative-technical
documentation to measurements, and on the other
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Jpyroil CTOpOHBI, paboTa Ha yCTaHOBKE TpeOoBaja
OOJBIIION TPYTOEMKOCTH MOHTAXXHBIX PalOT, Tak
Kak CcOOpHO-pa3bEMHBIE COCIUHEHHS IpHU Iepe-
YCTAaHOBKE IIMKJIOHOB TMPUBOAWIM K THpodieme
obecrieueHuss TpeOyeMOil T'epMETHYHOCTH KOH-
CTPYKIIHH.

Henbio padoTs! sgBIsETCSA IPOBEPKA JOCTOBEPHO-
CTH U OIICHKAa TOYHOCTH M3MEPSEMbIX BEJIMYUH pac-
X0/la Ta30BOr0 IIOTOKAa, CKOPOCTH M JAaBJICHUH B
HEHTPOOEIKHBIX MbLICYIOBUTEINAX.

Jlyisg joCTHKEeHHsI TOCTAaBICHHOMN 1€ HeoOX0Iu-
MO PEIIUTh PSiJ 3a/1a4:

1. IlpoBecTn aHanmu3 TpeOOBaHWI HOPMATHUBHO-
TEXHUYECKOW JOKYMEHTAIlMH K CXeMaM M MEeToAaM
IPOBENICHHS AdPOJMHAMUYECKIX HCIIBITAHUI U BbI-
Oparb HauOoJsiee ONTUMAIBHYKO C TOYKHM 3pPEHUs
MUHHMH3ALUN BETHYUH TOTPEITHOCTEH M3MEPEHHUS
apaMeTpoB;

2. Omnucath METPOJIOTHYECKHE XapaKTepUCTHUKU
U3MEPHUTENBHBIX MPUOOPOB, HUCHOIB3YyEMBIX NpU
A’POJIMHAMUYECKUX UCTIBITAHUSX;

3. IIpeacraButh pe3yabTaThl IKCIIEPUMEHTATBHBIX
UCCJIEJIOBAHUN C LEIbI0 OINpPENEICHUs pPEabHbIX
JIara3oHOB U3MEPSEMBIX BEJIHMUNH;

4. BpIONHUTH Pacu€Thl MOTPENTHOCTEH H3Mepe-
HUSl JABJIEHUH, CKOPOCTH U pacxoja BO3AyXa KOM-
OMHUPOBAHHBIM NMPUEMHUKOM JABJICHUS B COYETa-
HUU ¢ TuddepeHInaTbHBIM MAHOMETPOM;

5. BBINONHUTE MPOBEPKY JAOCTOBEPHOCTH 3KCIIe-
PUMEHTAIILHOTO ONpEJeNIeHNsT UCKOMBIX MapameT-
POB Ha MpUMepe MOTHOTO JaBICHUS;

6. CdopmynupoBarb TpeOOBaHUS K TOYHOCTH
IPUMEHSEMbIX METOJOB OIpENeIeHHs] a3poJuHa-
MHUYECKHX ITapaMeTPOB M CPEICTBAM U3MEPEHHUSL.

AHaan3 TpeOoBaHMM HOPMATHUBHO-
TeXHUYECKOH JTOKYMEHTAllMH K CXeMaM M MeTo-
AaM NPOBeJdeHHS] A3POIMHAMMYECKHX HMCIbITA-
Huil. TpeGoBaHusi K cxemaM NpOBeJAeHUS] aIPO-
AUHAMUYECKHUX UCTIBITAHUM

Jlyis u3MepeHus: CTaTU4ecKoro, AMHaMUYECKOro,
MOJTHOTO JABJICHUH, a TaKKe CKOPOCTH IBUKECHUS
BO3/lyXa B BO3JYXOBOAAX O3KCIIEPUMEHTAIBLHON
YCTaHOBKH JIOJDKHBI OBITh BBIOPAHBI YYaCTKH, B KO-
TOPBIX MEpHBIE CEUEHUS Ul MPOBEJCHUS H3MeEpe-
HUI HaxoJATCsl Ha PAaCCTOSHHUSIX HE MEHee IIeCTH
TUIPaBIMYECKUX AMaMeTpoB Dy 3a MECTOM BO3MY-
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hand, the work on the facility required a great
complexity of construction works, as relocatable
connections led to the problem of ensuring the
required tightness of the design at cyclones reset-
ting.

The aim of this work is the reliability and ac-
curacy assessment of the measured values of the
flow rate of gas flow, speed and pressure in cen-
trifugal dust collectors.

To achieve this goal it is necessary to solve a
number of problems:

1. To analyze the requirements of normative-
technical documentation, schemes and methods of
conducting aerodynamic tests and to choose the
most optimal from the point of view of minimiz-
ing the values of errors of parameters measure-
ment;

2. To describe the metrological characteristics
of measuring instruments used in aerodynamic
tests;

3. To present the results of experimental studies
to determine the actual ranges of the measured
values;

4. To perform calculations of errors in meas-
urement of pressure, speed and air flow by a com-
bined pressure receiver together with differential
pressure manometer;

5. To validate the reliability of the experimental
determination of the desired parameters on the
example of full pressure;

6. To formulate the requirements for the accu-
racy of the applied methods for determination of
aerodynamic parameters and means of measure-
ment.

The analysis of the requirements of norma-
tive-technical documentation to procedures
and methods for conducting aerodynamic
tests. The requirements for aerodynamic
tests procedures

To measure static, dynamic, full pressure and
air velocity in the air-duct of the experimental
facility one must chose the parts, in which
measuring sections for measurements are locat-
ed at distances of no less than six hydraulic di-
ameters Dh from the point of flow disturbance
(bends, dampers, diaphragms, etc.) and at least

b
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[ICHUS TTOTOKa (OTBOABI, MIUOEPHI, THaPparMbl U T.
I.) 1 HE MeHee TPEX THIPABIUYECKUX UAMETPOB
nepen HuM [4, 5] (puc. 1). Ha neiictBytomieii ycra-
HOBKe «LIMKJIOH» y4acTOK mepes; MECTOM BO3MY-
IICHUSI TIOTOKa BBIOpaH B COOTBETCTBUHU C [4, 5] u
cocrasiisteT 6,5Dy , uTo 6oibine 3D,

B 3aBucumocTu oT (hopMBI U pazMepa MEPHOTO
CEUeHUsS I TPOBEACHUS IKCIEPUMEHTa HEOOXO-
JUMO OIpPENENTUTh KOOPAWHATHI TOYEK H3MEpPEHUM
JABJICHUN U CKOpocTed (puc. 2), a Takke KoJude-
CTBO TOYEK B COOTBETCTBHH C [4, 5]. BriOpano 7
TOYEK H3MEPEHHMs], YTO BIMSET Ha MOCIEAYIOUINe
pacu€Thbl norpemnocTen. [ HaydHbIX HCCaea0Ba-
HUN MOXXHO BBIOPATh 3HAYUTEIHLHO OOJIBIIEE YUCIIO
WU3MEPHUTEILHBIX TOYCK, YeM TPU MCHBITAHUSIX, YTO
BJIUSICT HA TOYHOCTH U3MEpEHUH [6].

three hydraulic diameters in front of it [4, 5]
(Fig. 1). On a working facility "Cyclone™ a part
before the point of flow disturbance is selected
in accordance with [4, 5] and is Dh 6.5, which is
more than 3Dh.

Depending on the shape and size of the meas-
uring section for the experiment it is necessary
to determine the coordinates of measurement
points of pressures and velocities (Fig. 2) and
the number of points in accordance with [4, 5].
7 measurement points were selected, which af-
fects the subsequent calculations of the errors.
For research, one can choose a much larger
number of measurement points than in the test,
which affects the accuracy of measurements [6].

S,=6D, S$.=3D,
WNKU NPU HeAOCTATOMHOR
S,:S,=3:1

ANUHEe NPAMOro yvyacrka

Bo3ayxosopa:

_4r

D,
11

Puc. 1. Metoz BbIO

D, — rugpasnuyecknn gnameTp,
1, M - NepUMeTp BO3AYXOBOAA,
F, M7 = nnowapb ceveHna Bosayxosona

Opa TOYEK U3MEPEHUN

Fig. 1. The method for selecting measuring points
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a— inlet

0.12D
4 013D —
| 025D J-' -

R

0 — BBIXOAHOM maTpyOOK
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Puc. 2. Cxema pacrnionoxeHusi TOUeK W3MEPEHNUS AABICHHUH U CKOPOCTEH B MEPHBIX CEYEHUAX IUKIOHOB

Fig. 2. The scheme of location of measuremen
cross-sectio.
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Jlnst BbIOOpa CpEenCTB HM3MEpPEHUH HEoOXOquMO
3HaThb METPOJIOTHUECKUE CBOIcTBa NpPUOOpPOB, a
TaK)K€ BHEIIHUE YCIIOBUS, BIUAIOLUE HA PE3YNbTAT
M3MEpPEHU. DTHU CBOMCTBA OIUCHIBAIOTCS MyTEM
yKa3aHUs HOMHHAJIBHBIX 3HAYEHUH TE€X WM HMHBIX
[1apaMeTPOB — XapaKTEPUCTUK M JOIYCKAEMbIX
OTKJIOHEHUH OT HuX. Crenuduyueckoil MEeTpoJIOrH-
YECKOM XapaKTEpUCTUKOM CPEICTB U3MEPEHUH SB-
JAETCA MX MOTIPEIIHOCTh. /[ OLEHKH NOIrpelHo-
CTeH pe3ylbTaToB MPOBOIUMBIX H3MEPEHHH HE0O0-
XOZIMMBI CBEJICHMSI O MOTPEIIHOCTAX CPEICTB U3Me-
PEHMI, YCTaHOBICHHBIX NACIOPTHBIMU JAHHBIMHU
UCIIO0JIB3YEMOro 000pYI0BAHHUS.

Kparkue meTposiormyeckue XapaKTepUCTHKH
H3MepPHUTEJILHBIX MPUOOPOB, HCNOJIB3YeMbIX NMPH
a)poAMHAMMYECKUX HcnbITanusax. I[lHeBMomeT-
puueckasi Tpyoka «[IMTO»

Jlis u3MepeHus MOJHOTO, CTaTUYEeCKOro U JMHA-
MHUYECKOT0 JaBJICHUH MMOTOKA HCIONB3yeTcs TpyOKa
«ITUTO» (puc. 3). Tpy6ka Iluto mo3BomisieT u3me-
PATH CKOPOCTHh Ta30BOTO (BO3IYIIHOIO) MOTOKA B
muarnaszone or 4-21 m/c. Cpemauii Ko3pPUIMEHT
npeoOpa3oBaHusl JAMHAMHUYECKOTO (CKOPOCTHOIO)
JABJICHHUS BO BCEM JIMANa30HE CKOPOCTEH JuIst
HanopHoil auddepenunansuoit Tpyoku Iluto co-
crapisier 0,95-1,05. Ilpenen nmomyckaeMoil OTHO-
CUTEJIbHOM TOTPEIIHOCTH OIpeneneHuss Kodpdu-
[IMeHTa TMpeoOpa3oBaHUs JUIs BCEro JMamna3oHa
CKOpoCTeW [UIsi HamopHOM JuddepeHnnaIbHON
Tpyoku Iluto He mpesbimaer +3 % [7]. IIpoBepka
COOTHOIIIEHUS auaMeTpa Tpyoku [luto u quamerpa
MEPHOTO CEYECHHS (%- 100% = 4%) , TIoKa3ana,
4yT0 TpeOoBaHwusl [4, 5] BHITOTHSIOTCS.

Opnako, pu U3MepeHuu ckopoctet ot 1,5 mo 4
M/C, KOTOpbIe HAOMIOAAIOTCSl Y HAC TIPH HCCIIE0Ba-
HUSX [UKJIOHOB HAa MHHUMAIBHBIX PacXofax BO3-
nyxa (516 m>/4, puc. 4), HOTPEITHOCTL HE COOTBET-
CTBYET 3aJJaHHOM U MOXET BO3pacTarh.

Juddepenunansubiii Manomerp Testo 521-1

OcHOBHbBIE a3pPOAMHAMMYECKHE IMapaMeTphl IEH-
TPOOEKHBIX TMBUICYTIOBUTENCH ONpPENeNsUIUCh TPU
UCTIOJIb30BaHUU (P PepeHINaTIbHOIO MaHOMETpa

Testo 521-1 co BCTpOEHHBIMU CEHCOPAMM JTABJICHUS

Safety of Technogenic and Natural Systems . 2017

To select the measuring instruments one needs
to know the metrological properties of the in-
strument, as well as external conditions affecting
the measurement result. These properties are de-
scribed by specifying the nominal values of cer-
tain parameters — characteristics and permissi-
ble deviations from them. Specific metrological
characteristic of measuring instruments is their
accuracy. For error evaluation of the results of
measurements one needs to know the infor-
mation about the errors of measuring instru-
ments specified in the used equipment specifica-
tions.

Brief metrological characteristics of meas-
uring instruments used in aerodynamic tests.
Pneumometric tube "PITOT"

For measuring total static and dynamic pres-
sures of the flow, the tube "PITOT" is used (Fig.
3). Pitot tube allows measuring the velocity of
gas (air) flow in the range of 4-21 m/s. The av-
erage conversion factor of the dynamic (veloci-
ty) pressure in the entire speed range for the
pressure differential Pitot tube is 0.95 - 1.05.
The limit of permissible relative error of deter-
mining the rate of conversion for the entire ve-
locity range for pressure differential Pitot tube
does not exceed £3 % [7]. Ratio examination of
the diameter of the Pitot tube and the diameter of
(8/200-100%=4%),
showed that the requirements [4, 5] are met.

However, when measuring velocities from 1.5
to 4 m/s, which we have observed in studies of
cyclones on the minimum air flow (516 m3/h,
Fig. 4), the error does not correspond to the
specified one and can increase.

Differential pressure gauge Testo 521-1

the measuring section

The main aerodynamic parameters of centrifu-
gal dust collectors were determined using differ-
ential pressure gauge Testo 521-1 with integrat-

ed pressure sensors (Fig. 3). The range of pres-

b
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(puc. 3). /Inana3oH u3MepeHus 1aBJICHUS B MTOTOKE
cocrasisger ot 0 1o 100 rlla ¢ norpemnoctsio 0,2
% oT moysHOM wIKaibl. /{1 U3MepeHus: CKOpOCTH
MOTOKa B uanaszoHe ot 5 10 100 m/c npumeHsroTes
Tpyoku Iluto. AGConroTHasl MOrpemHoOCTs IpHu 5
M/c cocrasiser 0,32 m/c, mpu 20 m/c — 0,09 m/c,
mpu 50 m/c — 0,05 m/c. st mpoBeneHus: TOUHBIX
M3MEPEHU CKOPOCTH MOTOKA B AMamna3oHe or 1 1o
12 m/c HE0OXOOMMO TPOBOAMTH W3MEPEHUsl C HC-
[10JIb30BaHUEM BHEIIHero 30H1a aasneHus 100 ITa.
3aBUCUMOCTb  OT  PACIHOJOXKEHHUS  IOJHOCTBIO
ycTpaHeHa Onaromapsi 1BoiiHON memOpane. M3me-
HEHHME MECTOPACIOJIOKEHHUs 30HIa HE BIHUSAET Ha
pe3yNbTaThl U3MEPEHUN: MOTPEUIHOCTh Ipu 1 m/c

— 0,09 m/c; mpu 5-8 m/c — 0,03 m/c [8].

sure measurement flow ranges from 0 to 100
hPa with the accuracy 0.2% of full scale. To
measure the flow rate in the range from 5 to 100
m/s Pitot tubes are used. The absolute error at 5
m/s is 0.32 m/s, at 20 m/s - 0.09 m/s at 50 m/s
— 0.05 m/s. For accurate measurements of the
flow rate in the range from 1 to 12 m/s it is nec-
essary to conduct measurements using external
pressure probe 100 Pa. The dependence on loca-
tion is completely eliminated by a double mem-
brane. The change of location of the probe does
not affect the measurement results: accuracy at 1
m/s — 0.09 m/s; at 5-8 m/s - 0.03 m/s [8].

Puc. 3. conb3yemMble cpencTBa U3MEPEHUH adpOIUHAMUYECKUX

mapaMeTpoOB HBIJ'ICynOBHTCJ'ICfI

Fig. 3. The used means of measurement of aerodynamic parameters of dust collector
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Jlnst ynoOcTBa MU SKOHOMHUHM BPEMEHH IPOBEJIC-
HUSI 9KCTIEPUMEHTOB B MPUOOP 3aHOCATCS CIEAY-
IOIIME JaHHBIC: BPEMs, IPOMEKYTOK BPEMEHH Ha
OZIMH 3aMep, KOJIMYECTBO U3MEPEHUI, TeMIepary-
pa, OTHOCHUTENbHAs BIAKHOCTb, aOCONIOTHOE
JIaBJICHUE, TIONEPEUHOE CEUeHHE BO3yXOBOJA,
KO3 GUITHEHT K03 UIHEHT
TpyOku I1uTo u 3amyckaercss aBTOMaTu4ecKkoe co-

KOMIICHCAITH,

XpaHEHWE JAaHHBIX TPH MPOBEICHUH 3aMEpOB.
[TamsTe mpubopa MO3BOISIET OAHOBPEMEHHO CO-
xpaauth 25 000 m3mepenwuii. [Ipu HE0oOXOMMMO-
CTH TIOJIyYE€HHBIE Pe3ylbTaTbl MOTYT OBIThH Iepe-
JaHbl Cpa3y B JJIEKTPOHHYIO BBIUHCIUTEIBHYIO
CUCTEMY WJIH Ha TIPUHTEP.

Juddepenunanbubiii Manomerp AMI-01M

Jlnist u3MepeHusi JaBjIeHus, Pa3peXKeHusi U Pa3HO-
CTU JABJICHUH Ta30B, IS OMPEICIICHUsS CKOPOCTU U
pacxona ra3ombUIEBBIX M BO3AYIIHBIX TOTOKOB C
NPUMEHEHHEM TPYOOK HAaMOpHBIX MOIUQUKAIN
HUMOI'A3 u [luto ucnons3oBaincs auddepeHim-
ampHbii  mManomerp  JAMI[-0IM  (mo T'OCT
17.2.4.06-90 u TOCT 8.361-79) (puc. 3). Ilpudop
MIPUMEHSETCSI IIs1 TEXHOJIOTHYECKOTO U 3KOJIOTuye-
CKOTO KOHTPOJISI BEIOPOCOB B Pa3IMYHBIX IMPOU3BOJ-
CTBaX, a TAKXKE€ IMPHU KOHTPOJIC BEHTWISAIMU TPOU3-
BOJICTBEHHBIX ITOMEIICHUH, a’dpOMUHAMHYECKUX HC-
crenoBaHusX. MUKpOIPOIeccop, KOTOPbI BCTPOEH
B Tipubop, oOecrieurBaeT yCTaHOBKY HYJIS, U3Mepe-
HHE M HAaKOIUIEHHWE JaHHBIX M0 CEUEHHIO Ta3oxona
(mpomib cropocTel B KOJIMYECTBE PAaBHOM HE Me-
Hee 256 ToukaM). A TakXKe MO3BOJSIET MPOBECTU
pacyer JIOKaJIbHBIX U CPEIHUX CKOPOCTEH, pacxoia
ra3a ¢ KOPpEKIMeH Ha TeMmreparypy MOTOKa M TI0
W3MEPEHHBIM TOUKaM [9].

Pe3yabTaThl IKCIEPUMEHTATbHBIX HCCJIE10-
BaHUM

[TomyueHHbIe TPU DKCIIEPUMEHTAX PE3YNBTAThI
ObLTH 00pabOTaHBI U MPENCTABICHBI B BUJE T'pa-
¢dukos (puc. 4, 5).

Ha puc. 4 u 5 nokazaHsl pe3ynbTaTel U3MEPEHUN
CKOpOCTEH BO3IYIIHOTO MOTOKA BO BXOIHOM Iia-
TpyOke ammapara «[{OK-200-300» Ha pa3HBIX
pexuMax paboThl BEHTUJISATOPA U TIOJIHBIC JaBJIe-
HUS, U3MepeHHble IU(GEepeHIINaTbHBIMA MaHO-
metpamu JIMII-01M u Testo-521-1.

Safety of Technogenic and Natural Systems . 2017

For convenience and time-saving of the experi-
ments the following data is entered in the device:
time, time interval for one measurement, number
of measurements, temperature, relative humidity,
absolute pressure, cross section of the duct, com-
pensation coefficient, the coefficient of Pitot tube
and automatic saving of data when conducting
measurements starts. The memory of the device
allows you to simultaneously save 25 000 meas-
urements. If necessary, the results can be trans-
ferred immediately into an electronic computer
system or printer.

Differential pressure gauge DMTS-01M

To measure pressure, vacuum and differential
pressure of gases, to determine the velocity and
flow of gas and dust and air streams with the use
of pressure tubes of NIIOGAZ and Pitot modifi-
cations differential pressure gauge DMTS-01M
was used (GOST 17.2.4.06-90 and GOST 8.361-
79) (Fig. 3). The instrument is used for processing
and environmental control over emissions in dif-
ferent industries, and control over the production
area ventilation, aerodynamic research. A micro-
processor, which is integrated into the device,
provides a zero setting, measurement and gather-
ing of data on the cross section of the duct (veloc-
ity profiles for a quantity of at least 256 points). It
also allows calculating local and average veloci-
ties, gas flow with corrections for temperature
and flow at the measured points [9].

The results of experimental studies

The obtained experimental results have been
processed and presented in graphs (Fig. 4, 5).

Fig. 4 and 5 show the measurements results of
air flow velocity in the inlet pipe of the device
"TSOK-200-300" in different modes of operation
of the fan and the total pressure measured by dif-
ferential pressure gauges DMTS-01M and Testo-
521-1.

b
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Fig. 4. Air flow rate TSOK-200-300"
a— Testo-521-1; b— DMTS-0IM
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Fig. 5. Full pressure of air flow TSOK-200-300"
a — Testo-521-1; b— DMTS-01M
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Kak cnenyer u3 pe3ynbTaroB M3MEpEeHH, TaH-
HbI€, TIOJyYEHHBIE Pa3TUYHbIMH Ju(depeHIT-
anpHbiMH MaHoMmeTpamu [IMII-01M u Testo-521,
OTJIMYAIOTCS HE3HAUUTENbHO, YTO MO3BOJSET UX
UCIOJIb30BaTh IMPH MPOBEICHUU a’pOJUHAMUYE-
CKHUX UCIIBITaHUM.

Ha mnorpemnocTs omnpeneneHus: mnapameTpoB
M3MEPSEMbIX BEJIMYMH CHIIBHO BIMSET KJIacC TOY-
HOCTH HCITOJIb3YEMBIX PUOOPOB, a TAKKE BAKHOE
3HAYE€HHE MMEET JHara3oH U3MEPSEMbIX BETUYHH
[0 OTHONICHHIO K JUIMHE IIKalbl MmpubOopa, uTo
wuIrocTpupyetcs tTabmunei 1 [4, 5].

As follows from the results of the measurements,
the data obtained by different differential pressure
DMTS-0IM and Testo 521, differ

insignificantly, which allows them to be used

gauges

during aerodynamic tests.

The accuracy of determining of the parameters
of the measured values is strongly influenced by
the accuracy class of the instrument used, as well
as the range of the measured values in relation to
the length scale of the instrument, as table 1
illustrates[4, 5].

Tabmuna 1
Table 1
CpeaHeKBaapaTHIHbIe OTKJIOHEHUS PE3YILTATOB U3MEPEHUS
The mean-square deviation of the measurement results
[Tokazanus npudboOpoB, Cp,C;,Op, WIS MpUOOPOB KJ1acca TOUHOCTH
AOIH ATTHHBI HIKAIIBL o4.6,,0, for instruments of accuracy class
Instrument readings, -
fractions of the scale length 1 0,5 0,2 01
1 +0.5 +0.25 +0.1 +0.05
0.75 +0.7 +0.35 +0.14 +0.07
0.5 +1.0 +0.50 +0.20 +0.10
0.25 +2.0 +1.00 +0.40 +0.20
0.1 +5.0 +2.50 +1.0 +0.5
0.05 +10.0 +5.00 +2.00 +1.00
0.01 +50.0 +25.00 +10.00 +5.00

Tak, B padote [10] aBTOpaMu 3KCHIEpUMEHTAb-
HO YCTAHOBJIEHO, YTO IOJIHbIE JIaBJICHUSI Ha BbI-
XOIHBIX NarpyOKax LHKJIOHOB JOCTUTalOT —
1000 ITa, a Ha BXOIHBIX MaTpyOKax HE MpeBbILIa-
10T — 35 Ila B 3aBUCHUMOCTH OT peKuMa padOThI
YCTaHOBKH. J[MHaMHUYECKHE TaBICHMS HA BXOAE U
BbIXoZie He mpesbimaror — 40 Ila, a cxopoctb
BO3JIyIIHOTO TOTOKA BO BXOJHBIX MaTpyOKax M3-
MmeHsiercs ot 2,5 1o 7,5 m/c. Bmecte ¢ Tem npu-
6op Testo-521-1, KOTOpBIM MPOBOAUIUCH H3MeE-
penus, cHaOkén 3oH10M Ha 10000 Ila, yTo sBISA-
€TCsl MCTOYHHUKOM TIOTPENIHOCTH H3MEpEeHUil Ha
MalbIX JIOJIAX JJIMHBI W3MEPUTENIbHOM IIIKAJIbI
[10]. Ouenum 31O BIMSHUE B MOCIEAYIOLIUX pac-
4y€Tax MOrPeIIHOCTEN.

Pacuér mnorpemHocreii M3MepeHusi jaBlie-
HHMH, CKOPOCTH W pacxofa BO3AyXa KOMOMHM-
POBaHHBIM NPHEMHUKOM JaBJIeHUsI B coYeTa-

So, in the work [10], the authors experimental-
ly established that the total pressure at the outlet
of the cyclones reach 1000 PA, and the inlet does
not exceed — 35 PA depending on the operation
mode. The dynamic pressure at the inlet and out-
let do not exceed — 40 PA, and air velocity in the
inlet changes from 2.5 to 7.5 m/s. However, the
instrument Testo 521-1, which was used for
measurements, is provided with a probe at 10,000
PA, which is a source of measurement error at
small distances of the measuring scale [10]. Let
us assess this influence in subsequent calculations
of the errors.

The calculation of measurement errors of
pressure, speed and air flow by a combined
pressure receiver with differential pressure

http://bps-journal.
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HHMHU ¢ U depeHIHnaTbLHBIM MAaHOMETPOM

Pacxox Bo3ayxa. [l ompeneneHuss OTHOCH-
TEJIbHOM TOTPEIIHOCTH ONpENEeNeHUusl pacxoja
BO3/lyXa B IPOLIEHTAX HCIOJIb3YETCS CIEAYIOIIAs
dopmyna (1):

6, = (20, + 6,) 1)

I7Ie GL — CPEJHEKBaJApaTUYHAsl OTHOCHUTEIbHAS
HOTPEIIHOCTh, 00YCIIOBIIEHHAs! HETOYHOCTHIO H3-
MEpeHHil B Tpolecce HUCHBITaHUW; 0, — IIpe-
JIeJIbHAasE OTHOCHUTEJIbHAsL MOIPEUIHOCTh Olpeie-
JEHUsI pacxojla BO3/lyXa, CBA3aHHAs C HEPaBHO-
MEPHOCTBIO pacIpeesIeHus] CKOPOCTEH B MEPHOM
CEUYCHUH; BEJIMUHMHBI Oy JaHbl B Ta0. 1 [4].

Benuunna o npencrassiercs B Buje (2):

0L=\/4JL§+ %0§+iat2+ iag (2)

IJic Op — CPEIHEKBaJpaTUYHAS IMOTPEITHOCTD
OTIpEICTICHUST pa3MEPOB MEPHOI'O CEUYCHHS, 3aBU-
csmiast OT Auamerpa Bo3ayxoBoda Dn; ruapasmu-

YeCKUil TuaMeTp onpenaensercs no popmyae [11]:
4F

Dy =%, F=nR?=314-(0,1)% = 0,0314,
M=2nR=2-314-0,1 = 0,628 - D,
400314
~ o628 M

rae F, Mm% u I, M, COOTBETCTBEHHO, IIOIIAIb U
nepumetp cedenus. [Ipu 100 mm < Dh < 300 mm
BenuuMHa 6p =+ 3 % (mpu Dh > 300 MM 6p =+ 2
%).

B 3aBucuMocTH OT MOKa3aHUN MHUKPOMaHOMET-
pa, 6apomeTpa U TepMOMETpPa B JAOJISAX UIMHBI UX
HIKaJI, CpPEeIHEKBaJIpaTUYeCcKue OTKJIOHEHUS pe-
3yJABTaTOB M3MEPEHUs TUHAMUYECKOIO JaBICHUS
u (o, ), arMochepHOro JaBieHus (cz) U TEMIIE-

partypsl 1a3oB (o) coctaBiaT: c,= =+ 1,0 %, o=

p
+ 0,1% u .=t 0,2%. Ilpu >TOM npenenvHas otT-
HOCHTEINIbHAS TIOTPENTHOCTh M3MEPECHHs pacxoja
BO3/yXa OymeT:

gauge

Airflow rate. To determine the relative error of
determination of air flow rates in percent the fol-
lowing formula (1) is used:

5. = (20, +8,) (1)

where oL is the mean square relative error
caused by measurement uncertainty in the testing
process; J, — the maximum relative error in de-
termining air flow, which is connected with the
uneven distribution of velocity in a measuring
cross section; the values of J, are given in table.
1[4].

The value of o is represented in the form (2):

0L=\/40D2+ i0'1§+%0't2+ %ag )

where op is the mean square error of determina-
tion of the measuring section size, depending on
the diameter of the duct Dy; the hydraulic diame-

ter is determined by the formula [11]:

Dy ==, F=mR?=314-(0,1)? = 0,0314,
ll=2nR =2-314-0,1=0,628"D,
4-0,0314
= —0,628 =02 M

where F, m? and N, m are, respectively, the area
and the perimeter of the cross section. When 100
mm < Dh < 300 mm, the value of op =+ 3 % (at
Dh > 300 mm op ==+ 2 %).

Depending on the readings of the manometer,
barometer and thermometer in fractions of the
length of their scales, the standard deviation of
the measurement results of dynamic pressure and
(o,), atmospheric pressure (s, ) and gas temper-

ature (o) willbe: o,=+1.0 %, 6,=+0.1%u o,

=+ (0.2%. The maximum relative error of flow
measurement is:

2,1, 1, 1
o, = 4-0D+ZUB+ZJt+Zap= 4 -

Hpe,Z[CJ'IBHaSI OTHOCHUTCIIbHAsA NOTpCHIHOCTL W3-
MEpPCHUA pacXoJa BO3ayXa COCTABUT:

8, = (20, + 6,) = 26,02% + 2% = 14,04%

VMEHBIINTE HITH YBECJIUYNUTE MPECACIBbHYIO OT-

1 1 1
24 . 24 . 242,12 = 0
3 +4 (0,1) +4 (0,2) +4 12 = 6,02%

The maximum relative measurement error of
the air flow will be:

8, = (20, + 6,) = 26,02% + 2% = 14,04%
To increase or decrease the maximum relative

http://bps-journal.
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HOCHUTEJIBHYIO MOTPEITHOCTh U3BMEPEHUN MOXKHO B
3aBHCHUMOCTH OT KJlacCa TOYHOCTH HpUOOpOB.
Hampumep, ucrnone3ys npubop Testo 521-1 c
3onaamu ot 100 ITa mo 10 000 Ila, MoxHO TTONTY-

YUTh 0}, OT 2% 1o 20%. Torga morpemnHocTh 13-

MCPCHUA pacxoda MOXKET U3MCHUTHCA 110:

error of the measurements is possible depending
on the accuracy class of the instrument. For ex-
ample, using an instrument Testo 521-1 with
probes from 100 PA to 10,000 PA, it is possible
to get o, from 2% to 20%. Then the measurement

error of the flow rate can change up to:

1
—of +

5, =2 402
L o-B+4

4
Jlnst pacyeTa OTHOCHTEIBHOTO CpPEIHEKBapa-

TUYHOTO OTKJIOHEHHUSI CKOPOCTH B i-i TOUKE H3Me-

peHuit ucnonb3yercs crienayromas popmyna (3):

1 1 1 1
—05 =2 4-32+Z-(0,1)2+Z-(0,2)2+Z-102+

2 =17,63%.

To calculate the relative standard deviation of
the velocity in the i-th point of the measurements
we use the following formula (3):

ovi— (L (Za)z24 L
Vi 4 \ Pg 4

[TorpemHoCTh rpalyipOBKH HAallOPHOW TPYOKH,
olnpeziesieHHasl B pe3yJbTare ee arrecTaluu, co-
cTaBisieT +2% B COOTBETCTBUM C pazzaenoM 5 [3]

KT _ 0,01.

KT

OTHOcUTEIbHBIE CPEAHEKBAJAPATUYHBIE OTKIIO-
HEHUS MOKa3aHUi MaHOMETpa, TepMoMeTpa u Oa-
pometpa kiacca = 0,2 B COOTBETCTBYIOIIUX Ya-
CTSIX JUaIa30Ha U3MEPECHUN COCTABIISIOT:

%% 2 40,00, e

P, 100 P,
OT momanym M3MEPUTENBHOTO CEYCHUSI U TUIO-
A CEYCHUS HAKOHEYHHWKA HATIOPHON TPYOKH
(Stp), 3aBUCHUT MOIPEUIHOCTH 3arpy3Ku H3MEpH-

TCIBHOI'O CCUCHUS HaHOpHLIMI/I pr6KaMI/I. T.K.
S, o
=L . 100% < 1%, To v—b =0,05.

i

Jlis TOro 4T0OBl YMEHBIIUTH HMOTPEIIHOCTh OT
yIila HaKJIOHA OCU paboyeil HanmopHOW TPYOKH K
OCH TMOTOKa, HEOOXOJMMO MOBEPHYTh U 3aPUKCH-
poBaTh TPYOKY Tak, 4TOOBI MOKa3aHUS MHUKpOMa-
HOMeTpa ObTM MaKCUMAaJIbHBI.

B o6mem ciywae ¢<5°, Torna % = 0,02.
l

OTHOCHTEILHOE CPCAHCKBAAPATUICCKOC OT-

KIIOHCHUE CKOPOCTH COCTABUT:

+
—= =40,001,
0

W i@ @) o

The error in the calibration of the pressure tube

is determined as a result of its certification, it is

+2% in accordance with section 5 [3] HKr

KT
0,01.

The relative mean-square deviations of the
readings of pressure gauge, thermometer and ba-
rometer of class + 0,2 in the relevant parts of the
measuring range are:

O _202_ 14 004,
50

The accuracy of the measuring section load by
pressure tubes depends on the area of the measur-
ing section and the sectional area of the tip of the

pressure tube (Sip), as T.x. +100% < 1%, TO

— = 0,05.

Vi

In order to reduce the error from the angle of
the axis of the working pressure pipe to the flow
axis, it is necessary to rotate and fix the tube so
that the indications of the manometer are at a
maximum.

In the general case of ¢<5°, then

Zvi = 0,02.
Vi

The relative mean-square deviation of the ve-
locity will be:

V,

Vi

IIpoBepka /0CTOBEPHOCTH JIKCHEPHMEH-
TAJILHOTO ONpe/iesIeHUsl MOJTHOTO JaABJICHUSs

AdporMHAMHYECKHE TapaMeTpsl  (CKOpoCTH,
JIaBJICHHsI) HETIPEPHIBHO MEHSIOTCA 3a cueT (op-
MHUPOBAaHUS B IUKJIOHHBIX allllaparax CIIOKHBIX

Ou _ \/%(0, 001)? +%(0, 001)* +%(0, 004)* +%(o, 01)? +(0,02)* +(0,005)" = 0,011%.

Validation of the experimental determina-
tion of the total pressure

Aerodynamic parameters (velocity, pressure)
are constantly changing due to the formation of

hitp://bps-journal.
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noTokoB. Iy pacuera oObemMa BO3TYIIHOTO IIO-
TOKa UCToJib3yeTcst hopmyina (4):
Q =V-0,785-3600 - D? 4)

rae V — CKOpOCTh BO3IYIIHOTO TIOTOKA B (M/C);
Q — o0beM BO3AYUIHOTO MOTOKA, MPOXOASIIEro
yepe3 IUKJIOH B 3aBUCUMOCTH OT pPeKuMa padoThI
BEHTUJIATOpA (M/4);

3ajaua W3MEPEHUsT COCTOUT HE TOJBKO B
HAXO0XJICHUW CaMOW BEJIWYMHBI, HO U B OMpee-
JIEHUM MOTPEIIHOCTH U3MEPEHMS], T.€. UHTEPBAJIa,
B KOTOPOM BEpOSITHEE BCETO HAXOUTCSI HUCTUHHOE
3HaYCHHUE U3MEPAEMOIl BEIIMYNHBI.

1./lns wu3MepeHHs 3alaHHOTO (HU3MUECKOro
napaMerpa SKCIEpUMEHT MpPOBOAUTCA N pa3 B
OJIMHAKOBBIX YCIIOBUSIX, PE3YJIbTAThl 3aHOCATCS B
Ta0HILy.

2.Ecim B pesynbraTe M3MEpEHHH MOSBISIOTCS
3HAU€HUs, KOTOpPHIE PE3KO OTIUYAIOTCS OT
OCTaJIbHBIX WU3MEPCHHM, TO TaKWe 3HAYCHUS KaK
nmpoMaxu oTOpachiBaloTCs (€CiIU MOCie MPOBEPKU
HE TMOJTBEPKIAOTCS).

3.Ilpu mpoBeneHUH OJMHAKOBBIX H3MEPEHUN
BBIYUCIISETCS CPENHEE apU(DMETUIECKOE X .

4. Beranucisrorcs KBaJIpaThl a0COIIFOTHBIX
TIOTPENTHOCTEH OTAEIBHBIX H3MepeHHit (Axi)?.

5.0npenensiercs CpemHsis
omuOKa cpeiHero apuMeTHIecKoro.

6.HeoOxomumo

KBaJ[paTHIHAs
3ajaThb 3HaYeHHE
JIOBEPUTENIBbHOI BepOsATHOCTH 0. B maboparopusix
npakTukyma 0=0,95.

7.Haxomutcs koddpduument CrerojeHta t,,
JUISL 3aJJaHHOM JIOBEPUTENIbHON BEPOSITHOCTH O U
YKClia IPOU3BEICHHBIX U3MEPEHUN.

8.3ammchIBaeTCs TOBEpUTENHLHBIN HHTEPBAJL.

ITocTporM ITUCKpPETHBIN BapUalMOHHBIA PSL.

-37 36 34 34 34 -34 -34
-34 34 -3 33 -33 -33
-33 32 32 32 -32 32
-32 -32 32 31 31 -31
-31 31 30 -30 -29

IIpopamxkupyem psan. s 3T0ro coprupyem
€ro 3Ha4€HHUs 110 BO3PACTaHUIO.

complex flows in cyclonic devices. To calculate
the air flow volume formula (4) is used:
Q =V-0,785-3600 - D?, (4)
where V — air velocity in (m/s); Q is the
amount of air flow passing through the cyclone
depending on the operating mode of the fan
(m/h);

The measurement task consists not only in find-
ing the value, but also in determining the meas-
urement uncertainty, i.e. the interval in which the
true value of the measurand is most likely.

1. For measuring a predetermined physical pa-
rameter, the experiment is performed n times un-
der the same conditions and the results are rec-
orded in the table.

2. If as a result of the measurement appear val-
ues, which are very different from other meas-
urements, these values are discarded as failures (if
they are not confirmed).

3. When conducting the same measurements,
the arithmetic mean is calculated x.

4. The squares of the absolute errors of the in-
dividual measurements (Axi).are calculated.

5. The average quadratic error of the arithmetic
mean is calculated.

6. It is important to specify a value for confi-
dence probability a. In the laboratories of the
workshop, a=0.95.

7. Student coefficient ¢t,, for a given confi-
dence probability a and the number of the meas-
urements is calculated.

8. Confidence interval is written.

Let us build a discrete variational series.

-37 -36 -34 34 -34 34 -34
-34 -34 33 33 33 33
-33 -32 32 32 32 32
-32 -32 32 31 31 -31
=31 -31 30 -30 -29

Let us range the series row. To do this, we sort
its values in an ascending order.
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Tabmuna 2
Table 2

Pacuer nokasarenei
The calculation of the indicators

X X = Xep|
-37 4,47
—36 3,47
—34 1,47
—34 1,47
—34 1,47
976 41,07

Jlyig Toro 4TOOBI OIEHUTH PSiJ paclpeesieHus
HaliieM cJeIyroIIHe MoKa3aTesu:
[Tokazarenu LeHTpa pacipeesieHusl.
Ilpocmas cpeownsis apugpmemuueckas
X -976
Ste— =

X = -32,53. (%)

3nauenue psaga —32,00 BcTpeuaeTcs Ooublie
Bcex — 8§ pa3. CrnenoBareiabHO, MOJIa paBHA
X=32.

Abcontomuvsie nokazamenu sapuayuu

Pa3zHocTh MeXy MakCUMalbHBIM U MUHUMAJIb-
HbIM 3HAQUYEHMSIMU TpPU3HAKA TEPBUYHOIO psjia
HA3bIBACTCSI Pa3MaxoM BapHallMU U ONpEIeIIsieTcs
1o CIeayronieit popmye:

R = Xmax — Xmin = —29,00 — (-37,00) = 8.

i Toro, 4toObl y4ecTh pa3iMuus BCEX €Iu-
HUI[ HCCIIEAyeMON COBOKYMHOCTH, HEOOXOIUMO
BBIUNCINTh — CpeHee TMHENHOE OTKIIOHEHHE:

2% =X 41,067
T n T 30
PvaeT IIOKa3aj, 4TO KaXJ0€ 3HA4YCHUC p}II[a OoT-
NUYaeTcs OT APYroro B cpexHeM Ha 1,37.

d 1,37. (6)

Mepa pazbpoca OKOJIO €€ CpeAHEro 3Ha4yeHUus
(Mepa paccenBaHus, T.. OTKJIIOHEHUS OT CpeJlHe-
ro) XapakTepu3yercs TaKoW BETUYMHOMN Kak Juc-
nepcusi, KOTopas BBIYMCIISIETCS IO CIEAYIOLEH

dbopmye:

Z(Xi —;<)2 87,467
n 30

D= =2,92 @)

In order to evaluate distribution series we find
the following figures:

Indicators of the distribution center.

A simple arithmetic average

n

X= -32,53. (5)

The value of the number -32.00 occurs more
than 8 times. Therefore, the mode is equal x=32.

Absolute measure of variation

The difference between the maximum and the
minimum characteristic values of the primary
range is called the range of variation and is de-
fined by the following formula:

R = Xmax — Xmin = —29,00 — (-37,00) = 8.

In order to account for differences of all studied
units together, it is necessary to calculate the av-
erage linear deviation:

e
n 30

The calculation showed that each value of the
series differs from another in average of 1.37.

The measure of the spread around its mean val-
ue (measure of dispersion, i.e. the deviation from
the mean) is characterized by such a magnitude as
dispersion, which is calculated by the following
formula:

1,37. (6)

Z(Xi —;<)2 87,467
n 30

D=

=2,92 (7)
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Brruncnyum UCpaBIIeHHYIO TUCIIEPCUIO:

—\2
DX —X
g2 _ ( i ) _ 87,467 ~3.02 (8)
n-1 29
Cpennee kBaipaTUYHOE OTKJIOHEHUE.

c=D=\2,92=171.

U3 IMOJIYYCHHBIX BBIUMCIICHHI BHUAHO, YTO KaXXJ10€
S3HAYCHUE psaa OTINYACTCA OT CPEAHETO 3Haydc-

Hus —32,53 B cpenneM Ha 1,71.
OrneHka CpeJHEKBaAPATUYHOTO OTKJIOHEHHS.

s=+S2=./3,02=174. (10)
OTHOCI/ITGJIBHBIG IMMOoKa3arcJjisiM Bapualluud — 3TO

KO3 PHUIMEHT OCUMIUIALMIH, JUHEHHBIN KOdpu-
IIUEHT BapHalli¥, OTHOCUTEIIbHOE JMHEHHOE OT-
KJIOHEHHE.
Mepa OTHOCHTENBHOTO pa3dpoca 3HaUCHHH COBO-
KYITHOCTH TTOKa3bIBAIOIIAsl, KAKYIO JIOJIO CpEIHE-
rO 3HAYEHHUs OJTOW BEJIMYMHBI COCTaBIIACT e
cpenHuil pazdpoc, Ha3bIBaeTCs KOIPPUITUESHTOM
Bapuanuu. JaHapii K03ddunueHT BeIUHCISICTCS
o cieayroniei Gpopmyie:
V=2=—7-100% =525%. (11)

-32,53
Tak xak moxy4eHHOE 3HauYeHue Kod(puImeHTa v
< 30%, TO COBOKYITHOCTh OJTHOPOJIHA, & BapUAaLIHs
cinabas. [lonmydeHHBIM pe3ylbTaTaM MOXHO J0BE-
pATb. Jlons yCpEeOHEHHOIrO 3HA4YEHUs IpU3HAKA
a0COJIOTHBIX OTKJIOHEHUH OT Cpe/lHEed BeIMYMHBI
XapakTepusyercs JIMHEHHBIM K03 (UIIMEeHTOM
BapHallMM UM OTHOCUTENIBHBIM JIMHEWHBIM  OT-
KJIOHCHUEM:

d 137
K —_ -
d~ %

—5100% = —4.21%.  (12)

OTtHOcHUTENbHAA KOJE0JIEeMOCTh KpalHHMX 3Hade-
HUW IIPU3HAaKa BOKPYI CPEIHEH BBIPAXKAETCS KO-
aq)q)HuHeHTOM OCIMIIISIIIAU

K =%= 100% = —24,59% . (13)

®  -32,53
HHuTtepBanbHOE OlICHUBAHUE IIEHTPA T€HEPATHHOU

COBOKYITHOCTH.
Ornpezenienne TOBEPUTEIHHOTO UHTEPBAJ JJIS Te-
HEPAJIBHOTO CPETHEr0 OCYIECTBISETCS IO Clie-

nyrorieit hopmyre:
_ s _ S
(x - tkp \/_H' X+ tkp \/_ﬁ)' (14)
rjie tkp 3HAYCHWE 110 TaOJIMIEe pacIpeeICHHS

CTpr0IEHTA.
ITo tabimuue CThrOoIeHTa HAXOAUM:

Let us calculate the corrected variance:

2 Z<Xi_;()2 87,467

= = ! = 2
3 n-1 29 30 ®)
Mean-square deviation.
=D =4292=171. 9)

The resulting calculation shows that each series
value differs from the average -32,53, 1.71 in av-
erage.

Evaluation of the standard deviation.

s=+5% = /302-174. (10)

Relative indices of variation is the coefficient
of oscillation, the linear variation coefficient, rel-
ative linear deviation.

A measure of the relative dispersion of the val-
ues together showing what proportion of the av-
erage value of this quantity is its average disper-
sion and is called coefficient of variation. This
ratio is calculated by the following formula:

o 1,71
V=—=
-32,5

-100% = 5,25% . (11)

Since the obtained value of the coefficient v <
30%, then the set is homogeneous, and the varia-
tion is slight. The obtained results can be trusted.
The share of the average characteristic value of
the absolute deviations from the mean is charac-
terized by the linear coefficient of variation or
relative linear deviation:

d 1,37
Ko =% =—50=100% = —4.21%.  (12)

The relative variability of extreme values
around the mean is expressed as a coefficient of

oscillations:

R

K, === _3253100% —24,59% . (13)

Interval estimation of the center of the main en-
tity.

Determination of confidence interval for the
average is carried out according to the following
formula:

(% - ti =5 %+ tiy %) (14)
where txp iIs the value from table of Student's
distribution.
With the use of Student table we find:
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st onpeneneHus CTaHAAPTHOW OIMMOKH BHIOOP-

KA JUISI CPEIHETO WCIOJIb3YeTCs —CIeAyroIas
dbopmyna:

S —i ]__i—ﬂ -
¢ Jn\" 100 30\ 100

[losnyueHHOE 3HAaueHWE YKa3bIBA€T, Ha CKOJIBKO
cpenHee BBIOOpKH —32,533 oTnmyaeTcs OT cpei-
HEro TeHepalibHOI COBOKYITHOCTH.
Jlns onpeneneHus npeneabHONW OMMOKH BRIOOPKH
UCIOJIB3YETCs caeayromas popmyna:
€ =tkp Sc = 2,045 x 0,27 = 0,54.
JloBepuTEIbHBIN HHTEPBAI:
(-32,53-0,54; -32,53 + 0,54) = (-33,08; —
31,99).
[Ipoananu3upoBaB NOJyYEHHbIE 3HAYEHMS C Be-
positHOCTBIO 0,95 MOKHO yTBEp)KIaTh, YTO CPE.I-
Hee 3Ha4YeHHe MpU BEIOOpKE O0IbIlero oobeMa He
BBIIJIET 3a IIpe/ieNbl HallIeHHOTO HHTEpBaa.

BrpiBOaBI

1. Unest nanHOM pabOTHI COCTOsIIA B TOUCKE IO
W3MEPUTEIIbHBIM KaHaJlaM HMCTOYHUKOB IOTpell-
HOoCcTU. VX oOKa3ajlocb MHOr0o, OHHU Pa3JIMYHOIO
XapakTepa — METOJUYECKHE, CTAaTHUCTUYECKUE,
U3MEpUTENIbHbIE M 3aBUCAT OT JAMala3oHa H3Me-
PSAEMBIX BEJIMUMH 110 OTHOUIEHUIO K JJTMHE LIKAJIbI
BBIOPAaHHOTO M3MEPUTENBHOTO CPEJCTBA, a TAKXKe
OT €ro Kjacca TOYHOCTH.

2. Pacuér morpemHocTeil W3MEpPEHHUs pacxoja
BO3/lyXa KOMOWHHUPOBAaHHBIM MPUEMHHKOM J1aB-
JeHusl B couyeTaHuM ¢ IuddepeHIranbHbIM Ma-
HOMETPOM TOKa3bIBAET, YTO MPHU MPABWIHHO TIO-
noOpaHHOM 30HJE JaBlieHHus K mpuoopy Testo
521 (I'epmanus) MOKHO CHU3UTH MOTPEUIHOCTh U
oHa He npeBbIcutT 14,04%.

3. YuuTeiBas, 4YTO U3MEPSIEMBbIE MOJIHBIE J1aBIIE-
HUSl HAa YCTAHOBKE MpHU paboTe MHUKIOHA HA pa3-
PSKEHUU Ha BXOJI€ U BBIXOJI€ OTIMYAIOTCS Ha MO-
pamoxk —100 ITa u — 1000 ITa, a mpubop umeer
BCTpOEHHBIN 30HI naBieHuit Ha 10 000 Ila, must
HeJOMyIeHus: Bo3pacTanus norpeurHoctu ¢ 0,2%
10 20% HeoOXoauMO PEKOMEHJO0BATh MPABUIIb-
HBI TOA00pP 30HOB AABJICHUS ISl BBIXOJHBIX U
BXOJIHBIX MATPyOKOB ITUKIIOHOB.

4. JluHaMuyecKHe MAaBJICHUS PEKOMEHIYETCS

Safety of Technogenic and Natural Systems . 2017

To define a standard sampling error for the av-
erage we use the following formula:

30 _ 0,2653. (15)

The resulting value indicates how sample aver-
age -32,533 differs from the main entity.

To determine the limit of sampling error we use
the following formula:

€ = tkp Sc = 2,045 x 0,27 = 0,54.

Confidence interval:

(-32,53 -0,54; -32,53 + 0,54) = (-33,08; —
31,99).

After analyzing the values obtained with a
probability of 0.95 it can be argued that the aver-
age value in the sample of a larger volume will
not go beyond the found interval.

Conclusion

1. The idea of this work was to search for the
measuring channels of the sources of error. They
turned out to be numerous, they are of different
nature — methodological, statistical, measure-
ment and depend on the range of measured values
relative to the length scale of the selected measur-
ing tools, as well as its accuracy class.

2. Calculation of errors in measurement of air
flow by a combined pressure receiver together
with differential pressure gauge shows that with
correctly selected pressure probe to the instru-
ment Testo 521 (Germany) it is possible to reduce
the error and it will not exceed to 14.04%.

3. Given that the measured total pressure on the
facility during the operation of cyclone into the
vacuum on the inlet and outlet are different on f -
100 PA and 1000 PA, and the device has a built-
in probe pressure of 10 000 PA, to prevent the
increase of error from 0.2% to 20% it is needed to
recommend the correct selection of pressure sen-
sors for outlet and inlet pipes of the cyclones.

4. Dynamic pressure is recommended to be
measured by the probe 100 PA or 250 PA, and
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u3mepsath 3oHAamMu Ha 100 Ila wim 250 Ila, a
MOJIHBIE JAaBJICHUS Ha BBIXOJE YCTAHOBKH 30HIOM
Ha 100rIla. IIpuGopnas nunHeiika ¢upmbr Testo
(I'epmanus) BrosiHE MO3BOJISIET 3TO CHENATh.
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