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HpOBeIleHO SKCIICPUMCHTAJIBHOC HCCICAOBAHUC

pacnpocTpaHEHUs]  BBIIEISEMBIX  BPEIHBIX
BEUIECTB W TEIJIOTHI BO BpeMs CBapO4YHOIO
mpouecca B IMOJIYOTKPBITBIX MPOCTPAHCTBAX C
LENbI0 nocneayroei BepuUKaLUU
MaTEeMaTHYeCKOH M KOMITBIOTEPHOW MOJIENeH.
[Ipn mpousBoacTBe MOJOOHBIX PabOT CBApPIIUK
3a4acTyl0 HAaXOAUTCS B TaK Ha3bIBAEMbIX
CTECHEHHBIX  YCIOBUAX, I/I€  IMPOUCXOJIUT
ObICTpOE HapacTaHHE COACPKAHMSI BPEIHBIX
BELIECTB, npu4yemM

YCIIOBHS paboThI

yCyryOIsroTCst IMOBBIIICHHBIM TEIIOBBIM
o0Jy4eHHeM W HEeYAOOHBIM MOJIOKEHHEM Tela
[IpoBenénnsie U3MEPEHUS

BpPEIHBIX BEIIECTB u
o0Opa3yromuxcs  IpH

alleTUICHOKUCIOPOJHON CBapKe MOITBEPININ

CBapIIMKA.
KOHIICHTPALUH
YIIEKHUCIIOro  rasa,

MIPEATIONOKEHUE O TIPEBBIIIEHUN CAaHUTApPHO-
TUTUEHUYECKOTO HOpMaTHBa ITIK.

AHAJIOTHYHBIE  HCCIIEIOBAaHHS  TEMIIEPATypPhl
BO3/yXa pabouel 30HbI JJOKa3al, YTO CBAPIIUK
HaXOJWUTCS B HEONArompusTHBIX  YCIOBHSIX

MMPOU3BOJACTBCHHOI'O MUKPOKJIMMATA.

KiaroueBbie cJIoBa: TCIIIOMACCOIICPEHOC,
BCHTUIIALNA,
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WORKING ZONE AIR QUALITY
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The article raises the problem of experimental
study of the emission of harmful substances and
the heat distribution in the welding process in
semi-open spaces for the purpose of subsequent
verification of mathematical and computer
models. In such production welder often works
in the so-called cramped conditions, where
there is a rapid increase in the content of
harmful substances, working conditions are
further worsened by high heat radiation and
uncomfortable body position of the welder. The
authors measured the concentrations of harmful
substances and carbon dioxide produced by
oxyacetylene welding, and confirmed their
hypothesis of exceeding the sanitary maximum
permissible concentration standard (MPC).
Similar studies on the temperature of the
working area proved that the welder works
under adverse conditions of production
microclimate.

Keywords: heat and mass transfer, ventilation,
the concentration of harmful substances, limited
amount.
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BBenenue. B paGore [1] Oplna mokazaHa

aKTyaJIbHOCTb ~ JTaHHOIO  MCCIENOBAaHHA  Ha
OCHOBaHMM TOr0, 4YTO INIUPOKUH  CHEKTp
CBapOYHBIX  Pa0bOT  BBINOJHSETCS HE Ha
CTalMOHAPHBIX pabounx MecTax B
IIPOU3BOJCTBEHHBIX exax, a
3a4acTyIO B IOCTATOYHO JKCTPEMAIILHBIX

IIPOM3BOJICTBEHHBIX YCIOBUSAX. ITO MOT'YT OBITh
IIOJIy3aMKHYTBIE OTPaHMYEHHBIE ITPOCTPAHCTBA,
HaIpUMep, TPIOMBI CyJI0B, LIUCTEPHBI, KOIOLBL,
AMBl M JpYyrue TPYAHOIOCTYIIHBIE MECTa, IJe
HEBO3MOKHO INPUMEHHUTH TPAJAULMOHHBIE BHUJbI
IIPOMBIIIUICHHOW BEHTWISILMHA. B 3TOM ciydae
CoJZiepKaHUe 3arps3HSIONIMX BEIIECTB OBICTPO
3HAYUTEIILHO

HapacCTacT n MMPEBLIIACT

BEJIMYMHBI NpeebHO-A0MYCTHMBIX
koHnentpanuii (ITJ1K).
B [1,2] BBIOOD

MaTeMaTHYECKOM MOJIeIU TCIIOMACCOIICPCHOCA

OBLI 000CHOBaH
Uisi €€ peann3ald B CTECHEHHBIX YCIIOBHSIX.
Monens gBisIeTCS ananTalled KJIacCUYEeCKOU
MOJICTT HENPEPBIBHOK Cpellbl Ha 0a3e CHUCTEMBI

ypaBHeHuii  HaBbe-CTokca K pelICHHIO
KOMIUIEKCHOW  3a7aud  TelwlooOMEeHa  co
CJIO>KHBIMU JBUKYITUMUCS IPaHUYHBIMU
yciaoBusMU. B atux ke paboTax mNpHBeIeHBI
pe3ysbTaTbl  YHUCIEHHOTO  MOJEJIMPOBAHMS
IPOLECCOB  3ara3oBaHHOCTM M PACyeT

MMapaMeTpOB MHUKPOKJIMMATA, BO3JICHCTBYIOIINX
Ha CBAPIIUKOB.

OpHako psA IMOCTAaBJIEHHBIX 3a4a4y ObLI HE
pemén u notpeboBan MIPOBEICHUS
JIOTIOJIHUTENBHBIX UccaenoBanuii. [Ipexne Bcero
peub HUIOET O DSKCIEPUMEHTAJIBHOW IPOBEPKE

MHOT'OYUCJIEHHBIX MOJIEIIBHBIX pacy€ros,
MTPOBEAEHHBIX B ITOJTY3aMKHYTBIX
MIPOCTPAHCTBAX.

IIocranoBka 7| IVIAHMPOBaHUe
JKCIIEPHMEHTA. OKCIIEpUMEHTAJIbHbIE
UCCIIEIOBaHM JUIS MOCIIEAYOIEN
UACHTUDUKAITIH MaTeMaTU4eCKOn u
KOMIIBIOTEPHOM MOJEIHU IIPOLIECCOB
pacIpoCTpaHEHUsT  BBIACIAEMBIX  BPEIHBIX

BCIICCTB W TCIUIOTBI CBApPOYHOTO IIpoHecca

ObLIH MMPOBCACHBI B Tapa)XxHOM IIOMCHICHUU

Introduction. In the paper [1] the authors
have proved the relevance of this study on the
basis that a wide range of welding works is not
performed at the fixed workstations in
manufacturing workshops and often in quite
extreme production conditions. It can be semi-
closed limited spaces, such as bilges, tanks,
wells, pits and other inaccessible places where
it is impossible to apply traditional types of
industrial ventilation. In this case, the content of
contaminants increases rapidly and greatly
exceeds maximum permissible concentrations
(MPC) values.

In [1, 2] the authors have justified the
choice of mathematical model of heat and mass
transfer for its implementation in cramped
conditions. The model is an adaptation of the
classic model of continuous medium on the
basis of the Navier-Stokes equations to the
solution of a complex problem of heat transfer
with complex moving boundary conditions.
These papers provide the results of numerical
simulation of gas accumulation processes and
calculation of  microclimate parameters,
influencing a welder.

However, a number of tasks have not been
solved and it required further research. First of
all we are talking about experimental testing of
numerous model calculations performed in
semi-closed spaces.

Formulation and experiment planning. In
the garage space of Don State Technical
University the authors have carried out
experimental studies for further identification of
mathematical and computerized model of the
propagation of emitted harmful substances and
heat of the welding process. Field studies have

been done in the environment of a pre-selected

http://bps-journal.ru/ b 5




[

{

- Nel

JIOHCKOTO  TOCYJapCTBEHHOTO TEXHHYECKOTO
YHUBEPCUTETA. Hatypnsie MCCJICIOBAHMUS

BEITIOTHEHBI B Cpele 3apaHee BBIOPAHHOTO
MOJICIIBHOTO O0BEKTa MOJY3aMKHYTOTO 00BEMa

BHYTpH,
CTaI_H/IOHaprIM UCTOYHHUKOM 3anH3HeHI/II>’I.

U 33JaHHBIM,  PACHOJIOKEHHBIM

OOBbeKT uccieoBaHUsI — CMOTpOBas sMa,
pa3Meni€éHHasT B TapaXHOM TOMEUICHHH C
pasmepamu  14,35x6,3x3,7M, cxema KOTOPOTO
npenacrasieHa Ha puc. 1. Bopora rapaxa umenu
pasmepbl 3,15x2,83 u ObUIM OTKPBITBI B XOJ€
sKcriepuMenTa. Tem caMbIM OblTa co3aaHa cpena
U3 JBYX IMONY3aMKHYThIX 0O0BEMOB. BHyTpum
CMOTPOBOH SIMBI pacroJjiarajlocb paboyee MecTo
cBapmivKa. VICTOYHUK BBIJCICHUS] CBapOYHBIX
a’po30Jiell — aleTHICHO-KUCIOPOHAsl CBapKa
[3], ¢
aBTOMOOMJIC U 32 FapakHbIM MOMEIIEHUEM (pHC.

00OpyIOBaHUEM, YCTAHOBJICHHBIM B

1). Ha puc. 1 u3o0paxensr: 1 — aBTOMOOHIIB; 2
— KHUCJIOPOJHBIA OasIOH TOJ JaBICHHEM C
PEILYKTOPOM; 3 — alleTHIICHHOBBIM T€HEPaTop.

Safety of Technogenic and Natural Systems < 2017

model object of semi-enclosed volume and with
a preset stationary source of pollution located
inside it.

The object of study is the inspection pit in
the garage with dimensions of 14,35x6,3x3,7m,
scheme of which is shown in Fig. 1. Garage
doors of size 3,15x2,83 and were opened in the
course of the experiment. Thus the environment
of two semi-enclosed volumes was created. The
workplace of the welder was located inside the
observation pit. The source of welding fumes
emission is oxyacetylene welding [3], with the
equipment installed in the car and the garage
space (Fig. 1). Fig. 1 shows: 1 — car; 2 —
oxygen container with reducer; 3 — acetylene
generator.

Puc. 1. Cxema uccrieayeMpIx MOMEIIEHUH, pa3MeIIeHUe U3MEPUTEIHHBIX TOUEK

n O60py,I[OBaHI/I${ IIpU NMPOBCACHUU SKCIICPUMCHTOB
Fig. 1. Scheme of the investigated areas, the location of the measuring points
and the equipment during the experiments

[pre——
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ObuIa

[Ipu  npoBeneHHMM  HKCHEPUMEHTA
orpezesieHa UHTEHCUBHOCTb BbIOPOCA OCHOBHBIX
BBIJICJISIEMBIX (B TOM YHCIE 3arpsi3HSIOLINX)
BEILIECTB: YIJIEKUCIIOTO Ta3a, BOJSHBIX IapoB,
OKCHJIOB a30Ta U H30BITKOB TEILUIOTHI. PacdéThl,
MPOBEIEHHBIE  HMCXOAd W3  COOTHOLICHHI
KOMITOHEHTOB B XHMHUYECKOM peakIuu TOpeHus
alleTUJIeHa B KUCIIOpPO/ie TPU U3BECTHOM Pacxojie
areTHiIeHa Ha ropenky 0,25 M°/d4, HO3BONHIH
onpenenuth BeIOpockl CO2 (0,275 1/c) m H20
(0,05 r/c). YuuThiBas yIelbHbIE HOPMATHUBBI
BBIOPOCOB OKCHJIOB a30Ta [4], ObUIM paccUuTaHbI
NO2,

HWHTCHCHUBHOCTD

HNHTCHCUBHOCTH BBIJACJIICHUSA
0,0018 r/c [5], u
temoBbLaenenus — 913 Bt [6]. OnHoBpeMeHHO

paBHas

B 3aJaHHbIC MOMEHTBI BPEMEHH 3aMEpPSUINCh
KOHIICHTPALIMU OKCHUJIOB a30Ta, yrapHOro Tasa,
YIJIGKHCIIOTO T'a3a, TeMIIepaTypa ra3o-Bo3ayIIHON
CMECH U CKOPOCThb JBIDKCHHS Ta30-BO3IYLIHON
cpensl B S5-TH XapaKTepHBIX TOYKax o0OBEMa
HCCIIEIyEMOM CMOTPOBOW MBI, B3ATBIX B OJHOMN
IUIOCKOCTH B HEMOCPEJICTBEHHOW OJIU30CTH OT
ucrounnka 3arpssHeHuit («Ti» (300; 300; 450),
«T2» (300; 1000; 450), «Ts» (350; 1450; 450),
«Ta» (400; 1000; 450), «Ts» (400; 600; 450)
(puc. 2).

I'eomerpuueckue  mapameTpbl  MCTOYHHUKA
3arpsi3HEHUS] COOTBETCTBYIOT KoopauHaTam «C»
(350; 100; 450) BHyTpHu simbl (puc. 2). Bvidop
W3MEPHUTEITBHBIX

TOYeK ObUT  OOYCJIOBJICH

BO3MOYKHOCTBIO ~ JIETaJbHOTO  HCCIIEOBAHUS
oOpa3yrolencs TEeMI0BOW CTPYH B XapaKTEPHBIX
CCUCHHMSIX, a TaK)K€ HA OCHOBAHHMHU MPOBEAEHHBIX
YHUCIIEHHBIX HKCIIEPUMEHTOB C MOMOIIBI0 METO/1a
KOHEYHBIX AJIEMEHTOB B COBPEMEHHOM
nporpammuoii  cpexe  Solid  Works  Flow
Simulations [2].

JKcrnepuMeHTalbHbIE HccaenoBanus. s
U3MEpeHUs TeMIeparyp MCTIOJH30BAITUCH
TEpPMOTaphl B KOJIMYECTBE 5 IITYK, aHEMOMET),
razoananuzatop Drager X-am 5000. Ilepen
MPOBEJICHUEM H3MEPEHUH B  CTpye ObUIH
BBIMOJIHEHBI 3aMEPhI MTAPaMETPOB MUKPOKIIUMATa
B TIOMeIIeHUsX. Ha MpoTsHKeHUN SKCIIEpUMEHTOB

TeMIlepaTypa OKpPYKaroIero Bo3Iyxa CoCcTaBlsia

The rate of the main substances emission
(including pollutants) was determined during
the experiment: carbon dioxide, water vapor,
nitrogen oxides, and excess heat. The
calculations, carried out on the basis of
component ratios in chemical reaction of
combustion of acetylene in oxygen at a known
flow rate of acetylene to the burner 0,25 m/h,
allowed to determine CO, (0.275 g) and H.O
(0.05 gf/s) emissions. Given the specific
standards of emissions of nitrogen oxides [4],
the authors calculated the emission rate of NO-,
equal 0,0018 g/s [5], and the heat rate — 913 W
[6]. At the same time in the given time they
measured the concentration of nitrogen oxides,
carbon monoxide, carbon dioxide, gas-air
mixture temperature and the speed of
movement of gas-air environment in 5 points of
the studied observation pit, taken in the same
plane in the vicinity to the source of
contamination ("T1" (300; 300; 450), "T>" (300;
1000; 450), "T3" (350; 1450; 450), "T4" (400;
1000; 450), "Ts" (400; 600; 450) (Fig. 2).

The geometrical parameters of the source of
contamination correspond to coordinates “C”
(350; 100; 450) inside the pit (Fig. 2). Selection
of measuring points was due to the possibility
of detailed studies of the resulting thermal jet in
typical cross sections, as well as on the basis of
the conducted numerical experiments using the
finite element method in a modern software
environment Solid Works Flow Simulations [2].

Experimental research. 5 pieces of
thermocouple, anemometer, and gas analyser
Drager X-am 5000 were used for temperature
measurement. Microclimate parameters were
measured in before

the premises taking

measurements in the jet. During the
experiments the ambient temperature was 25—

27°C.

[T

http://bps-journal.ru/ b i




( I7Ty T PESOHACHOCTEEXHOFERHBINTFRFAPOAHBINCHCTEM | et
[ asy Safety of Tech nogenic and Natural Systems 4 2017
25-27°C. In each new experiment air movement was
[loxBmwxkHOCTE  BO3AyXa — W3Mepsiach ¢ measured with anemometer, installed in the area

IIOMOLIBI0 AHEMOMETpA, YCTAHABIMBAaEMOIo B
30H€ TEIUIOBOM CTPYM HAIPOTUB BEHTHJIATOPA
IIPU Ka)KJIOM HOBOM 3KCIIEpUMEHTE.

OnbITHl CTaBWIIMCh TaKUM 00pa3oM, YTOOBI
CO3/1aTh PA3JIMYHbIE YCJIOBUSA BEHTUJIMPOBAHUS
IIPOCTpaHCTBa B HcciaenyeMoMm oObekre. Ha
puc. 1 u puc. 2 MNyHKTUPOM IIOKa3aHbl TpU
Pa3IMYHbIX MOJIO)KEHUSI BEHTUIISITOPA, KOTOPBIMU
CO3JlaBaJICs MPUTOK BO3AyXa Ha pabouee MecTo
cBapmuka. OkcnepuMeHT Ne 1 mpoBoauiics B
YCIIOBUSX OTCYTCTBHS BEHTUJISILINY; B
skcriepuMenTe Ne 2 (IoJ10keHue BEeHTUIsITopa A)
IPUTOK BO3AyXa ObLI HalpaBjIeH CHepeAd Ha
CBapIIMKa; B 3kcriepuMeHTe Ne 3 mpuTOK BO3yxa
HampaBJIeH C33aJyd Ha CBaplluKa (II0JIO)KEHUE
BeHTWIsITOpa b); B skcnepumente  Ned
OCYIIECTBIIsIach OOKOBasl MoJlauya BO3/1yXa cleBa
OT cBaplyKa (monoxxenue BeHTuisTopa B). s
BCEX CIIly4aeB ObLIH MIOJIyYEHBI
AKCIIEPUMEHTAJIbHBIE JTaHHBbIE, KOTOpBIE
IIpUBEJCHBI HA puc. 3—6.

of thermal jet in front of the fan.

The experiments were set in such a way as
to create different conditions of space
ventilation in the researched object. In Fig. 1
and Fig. 2 the dotted line shows three different
positions of the fan, which created air flow to
the workplace of the welder. Experiment No. 1
was conducted without ventilation; in
experiment No. 2 (fan position A) the flow of
air was directed to the front of the welder; in
experiment No. 3 the flow of air is directed to
back of the welder (position of the fan B); in
experiment No. 4 the air supply was to the left
of the welder (position of the fan C). For all
cases the experimental data shown in Fig. 3-6
were obtained.

Puc. 2. Pacnionoxxenne n3MepuTeIbHBIX TOUYEK B CMOTPOBOM sMe

Fig. 2. The position of the measuring points in the pit

http://bps-journal.ru/
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Kak cnemyer w3 puc. 3, pacmnpeneneHue
TEMIIEpaTyp B IUIOCKOCTH W3MEPEHUNH HOCHUT
ClIeqyroImui xapakrep: B Touke «T1», Hanboee
OJIN3KOHI K HWCTOYHUKY BBIJCIICHUM,
HaOmonaeTcs  HauOonblas  TEMIEparypa,
nocruraromas nopsaka S50-60°C mpu  Bcex
BHUJAX BEHTHIIMPOBAaHUS SMBI U B ciydae Oe3
BEHTWISILIMK. B Ipyrux u3mMepuresbHbIX TOUKaX
temneparypa Ha 10-20°C Hmxe. Haubonee

0JIarOTNPUSI THHIM ciy4aem pa3MelIeHs
MIPUTOYHOTO BEHTWJIATOPA SIBJISICTCS
skciepuMeHT Ne 2, Korja BO3IyX MOAaéTcs
criepenu CBapIUKA. Mkl HaOI0gaeM

3HAUYMUTENIbHOE CHUXEeHue Temiepatyp ¢ 45°C no
35°C B Touke «T1» B TeyeHme 2-X MHUHYT
JKCIIEPUMEHTa, Ja W B JPYyrUX TOYKax
TeMmIepaTrypa He HapactaeT. B ciydae 60koBOi
nojayv BO3AyXa M TOJAaud BO3JyXa C3aau

s dexra CHIDKEHHUS TEMIEpATyp HE
Ha6HIO,Z[aeTCH, OHH, HaIIpOTUB, JaxKe
BO3pacTaroT.
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As can be seen in Fig. 3, the temperature
distribution in the measurement plane is as
follows: at point T: which is closest to the
source of emission, the highest temperature
reaches about 50-60°C for all types of pit
ventilation and in the case without ventilation. In
the other measuring points the temperature was
10-20°C lower. The best case of placing the
supply fan presents experiment No. 2, when air
is supplied to the front of the welder. We
observed a significant decrease of temperatures
from 45°C to 35°C at the point T: within 2
minutes of the experiment, and in the other
points the temperature didn’t increase. In the
case of an air flow directed back from the welder
or to his left there wasn’t observed any decrease,
on the contrary, it even increased.
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Puc. 3. 3aBucuMocTu TemMneparyp B U3MEPUTEIbHBIX TOUKAX OT MOMEHTa BPEMEHH 3KCIIEPUMEHTA!
a) DkcriepumenT Ne 1. Capka 6e3 BeHTIIsITOpa; 0) DKcnepument Ne 2. Berep cnepeny;
B) Okcriepument Ne 3. Berep c3anu; 1) OxcniepumeHT Ne 4. bokoBoi BeTep
(TOuKa A — BEHTHJISTOP BBIKIIIOYCH)

Fig. 3. Dependencies of temperatures at the measuring points on the time of the experiment:
a) Experiment No. 1. Welding without fan; 6) Experiment No. 2. Air flow from the front;
6) Experiment No. 3. Air flow from the back; 2) Experiment No. 4. Air flow from the side

http://bps-journal.ru/ 13 9
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[TonBUKHOCTH BO3/1yXa B DKCIIEPUMEHTAX
No 2 m Noe 3 oxkasayace paBHOH 2 M/C B 30HE
pacrnojoKeHusi TEIUIOBOM CTpyH HalpOTHB
BEHTWISILIMOHHOTO arperara, a npu OOKOBOH
nojiaue Bo3ayxa B akcriepumente Ne 4 — 1 m/c.
B skcnepumente Ne 4 mocie 4-X MUHYT OIbITa
BEHTUJISATOP OBLI OTKIIIOUEH U HAOIIOAAICS POCT
Temmeparyp B paboueil 30He cBapiuka 10 75°C
B Touke «T1».

Ha puc. 4 mpexacraBieHsl  Tpadukw,
MO3BOJISIIOIIME  OLICHUTh BIUSHUE TIIYOHHBI
CMOTPOBOM SIMbl Ha IOKa3aHWs TEMIIEpaTyp B
M3MEPUTENbHBIX TOYKAaX B IJIOCKOCTH TEIIOBON
ctpyu. B skcnepumente Ne 4 mnpu OokoBOM
nojaye BO3/lyXa ObUTH TIOJTYYEHBI
MaKCHMaJbHblE TeMIIepaTyphbl, KOTOpBIE
COOTBETCTBYIOT TOUKe «T1», pacronoxeHHO! Ha
pacctostnun 0,3 M oT ocHoBaHusi simMbl. C
YMEHbILICHUEM TITyOUHBI MOTPYXKEHUS
U3MEPUTEIIBHOM TOYKM Z B CMOTPOBOU sIME
TeMIIepaTypa YMEHbBIIAETCSd W HE MPEBBIIIAET
45°C.

t'e T=25 cekynn
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Air movement in experiments No. 2 and No.
3 was 2 m/s in the area of the thermal jet
opposite the ventilation unit, and the side flow
of air in experiment No. 4 was 1 m/s.

In experiment No. 4, after 4 minutes of
experience the fan was disabled, and there was
the temperature increase in the working zone of
the welder to 75°C at the point "T1".

Fig. 4 shows the graphs, allowing estimating
the influence of the depth of the inspection pit
on the temperature at the measuring points in
the plane of heat flow. In experiment No. 4,
with air flow from the side the authors obtained
the maximum temperature, which correspond to
the point Ty located at a distance of 0.3 m from
the base of the pit. With decreasing immersion
depth of the measuring point z in the pit the
temperature is reduced and does not exceed
45°C.

1'C T=Imnn 20 cex

60

NN

30

20

10

0,3 0,6 09 m 1,2

0)

(14 1,5 zm

t,'C T=5 muuyr

0,3 0,6 0,9 m 1,2 (143)1,5 z,m

2)

——%—— Be3s sentunatopa/Welding without fan
== Betep czagm/Air from the back
——=f=—= Betep cnepeau/Air flow from the front

iz Borosou setep/Air flow from the side

Puc. 4. 3aBucuMocTy TeMIiepaTyp B M3MEPHUTEIHHBIX TOUKAX OT TITYOHHBI MBI
B pa3JIM4YHbIE MOMEHTBI BPEMCHHU SKCIICPUMEHTOB
Fig. 4. Dependencies of the temperature at the measuring points on the pit depth

10 http://bps-journal.ru/
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at various time points of experiments
B Toukax «T2» wu «T3» monydeHsl The minimum temperature in the heat gas-air

MUHUMAaJIbHbIE TEMIIEpaTypbl B TEILIOBOW Tra3o-
BO3JYIIHOW CTpye, 0Opa30BaHHON HpU CBapKe.
B skcniepumente Ne 2, xoraa BO3ayX NOAaéTcs
crieped CBaplluKa, HaOIIOJAeTCsl YCTOMYUBBIN
s dexT Hanbosee HU3KUX TEMIIEPaTyp BO BCEX
M3MEPUTENBHBIX TOUKAX.

obpazom,
IKCIIEPUMEHTAIBHBIX JIAHHBIX, MPUBEIEHHBIX HA

Taxkum COIIOCTaBJICHUE
puc. 3 u puc. 4, NO3BOJIAET CAEIATH CIECAYIOIINE
BBIBOJIBI:

— MAaKCUMaJIbHas TeMIIepaTypa B CMOTPOBOMU
AMe HaXOJUTCS B TOUKE «To»,
COOTBETCTBYIOIIEH HamOonbIIeld riyOuHe U
HanOonee ONM3KOH K MCTOYHHWKY BBIICICHUN
3arpsAAI3HEHUH IPU CBApKe;

WCCIICIOBAaHUE  PA3IMYHBIX  PEKHUMOB
BEHTUJIMPOBAHUS CMOTPOBOM SIMBI IOKa3bIBAeT,
yro B okcnepuMentax Ne 1 (Cpapka 06e3
BeHTHIIATOpPa) U Ne 4 (BokoBoii BeTep) mmeer
MECTO POCT TeMIIepaTyp U yXyALICHHE YCIOBUH
TpyZAa CBapUINKa,;

— C YMCHBIIEHHEM TIIYOWHBI TIOTPYKEHHSI
U3MEPUTEIIBHOM TOYKM Z B CMOTPOBOH siMe
TeMIeparypa ra30-BO3IYIIHON cpenbl
yYMEHBIIIaeTcsl U B 3KcrnepuMmeHte Ne 2, korja
BO3AYyX  MOAaércs  crepenu
HabOmomaercss ycrouuBbli 3¢ dekt Hanmbonee
HU3KHUX TEMIIepaTyp BO BCEX H3MEPHUTEIbHBIX

CBapIIuKa,

TOYKax.

Ha puc.5 wu puc.6 mnperncraBieHbl
AKCIIEPUMEHTAIbHBIC JAaHHBIE o
KOHIOCHTpAIUAM BpPCIHBIX BCIIIECCTB n

YTJIEKUCIIOMY Tasy.
KoHTpoib KOHIIEHTpalluii BPEIHBIX BEIISCTB
U YTJICKHUCIOTO

raza, oOpa3yloumxcs Mpu

aHeTHHeHO-KHCHOPOHHOﬁ CBapKeC, BaAXCH C

TOYKA 3peHHs  OOeCIeUeHUss  CaHUTAPHO-
ruruenndeckoro HopmaruBa IIJIK B paOoueit
30HE cBaplIMKa. TpagulMOHHO aHAU3 BEHETCA
Ha CaMblid TOKCHYHBIM OKCHJI a30Ta, @ HOPMAaTUB

KaueCTBa BO31yXa MOMEIICHUN A1 YIIJICKUCIOTO

jet formed during welding was received at
points "T>" and "T3". In experiment No. 2, when
air was supplied to the front of the welder, there
was a stable effect of the lowest temperatures at
all the measuring points.

Thus, the comparison of the experimental
data shown in Fig. 3 and Fig. 4, makes it
possible to draw the following conclusions:

— the maximum temperature in the pit is at
the point Ty corresponding to the greatest depth,
which is closest to the source of the of
contaminants emission during welding;

— study of different ventilation modes of
inspection pit shows that in experiments No. 1
(welding without fan) and No. 4 (Air flow from
the side), there is the temperature increase and
the deterioration of working conditions of the
welder;

— with a decrease in the depth of immersion
of the measuring points z in the pit the
temperature of the air-gas environment is
reduced, and in experiment No. 2, when air is
supplied to the front of the welder, there is a
stable effect of the lowest temperatures at all
measuring points.

Fig. 5 and Fig. 6 present experimental data on
the concentration of harmful substances and
carbon dioxide.

Control of concentrations of harmful
substances and carbon dioxide, produced by
oxyacetylene welding, is important from the
point of view of ensuring sanitary-and-hygienic
standard MPC in the working zone of the
welder. Traditionally, the analysis is conducted
on the most toxic nitrogen oxide, and until
recently in the national documents there was no

quality standard of indoor air for carbon

-
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rasa 0 HEIaBHErO0 BPEMEHH B OTEYECTBCHHBIX dioxide. Only hygienic standards [7] in 2006

AOKYMEHTaXx OTCYTCTBOBAJI. Jlnme introduced the maximum one-time MPC, which

TUTHeHn4YecKuMu HopMmaTuBamu [7] B 2006 roay was 13790 ppm (27 000 mg/m3), and time-
Obl1a BBeJeHA MakcuMalibHO paszoBas 11K,

paBHas 13790 ppm (27000 wmr/™m®), wu
cpennecmennas [IJIK, paBmas 4597 ppm

weighted average MPC, which was 4 597 ppm
(9 000 mg/m®) for air of the working zone of
production areas. However, in accordance with
GOST 8 050-85 [8], at concentrations greater

(9000 mr/m®), mas Bo3myxa paboueil 30HBI

MPOU3BOACTBEHHBIX MOMENIECHUN. TeM HE MEHeE,
B coorsercteun ¢ TOCT 8 050-85 [8], mpu than 5 % carbon dioxide has a harmful effect on

KOHIIEHTpAImsx 6osee 5 % ABYOKHCH yIIepoia human health. This reduces the volume
OKa3bIBaC€T BPEJHOC BJIMSHUEC Ha 370POBHEC concentration of oxygen in the air that can

yenoBeka. [1pu aTom cHmkaeTcss 0ObeMHast 1071 cause lack of oxygen and suffocation.

KUCJIOpoAa B BO3AYXE, HGTO MONKCT BbI3BATH Therefore, in the experimental studies the

ABIICHHIC  KHCTOPOMHON  HEAOCTATORHOCTI 1 authors have paid attention to concentration of

yaymbsa. [loatomy B  OKCIIEpUMEHTAIBHBIX

CO2 [9].
WCCIEAOBAHUSAX  aBTOPAaMH  OBLJIO  YIEJICHO
BHUMaHHe U KoHIeHTparuu CO> [9].
3
Ceo, Mr/m’ Cxo:, MI/M
344
26,26 .
20 "
2
18,83 1,91 5
16.3 . 0
O O
11,64
9,32 o 0,96
Y 0,77 ©
o Fany o
0 < < A4 0
0.3 0.6 0.9 1) 1.2 14 1,5 Z, M 0,3 0,6 0,9 (1) 1,2 a4y 1,5 Z, M
a) 0)

® Experiment No.3 - the fan i= placed behind the welder

! Experiment No.4 - the fan iz placed to the side of the welder

® Experiment No.4 - the fan was turned off after 4 minutes of the exp
Miaximum permissible concentration

@ 3KCNEPMMEHT N23 - BEHTMNATOR PACNONDKEH CIAAM.
() 3KCNEpMMEHT MNed - BEHTUNATOR pacnonoxeH cooky.

®  3HKCMEpPWUMERT MNed - BEHTUAATOR BBIKNKIYUIW NOCNE 4-X MUHYT OMbITa.
— TNpeAenbHO OMYCTMMERA KOHLEHTPALMWA.

Puc. 5. KoHnieHTpaiuu BpeJIHbIX BEUIECTB B UBMEPUTENIBHBIX TOYKAX CMOTPOBOM SIMBI
Ha pa3HoH rIyOuHe IpH NpoBeaeHUHU 3KcriepuMeHTOB Ne 3 u Ne 4

Fig. 5. Concentration of harmful substances at the measuring points of the observation pit
at different depths in the experiments No. 3 and No. 4

12 http://bps-journal.ru/
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Cco:, Mr/™m’
25560,04
109543
9128,6
9000
7302,9 ()
0 & & ©
A 0,3 0,6 0,9 m 1,2 (143 1,5 Z, M

© ® 3KcnepumeHT M3 - BEHTMNATOR PacNONmKEH C3aaM.
() ZKcnepumeHT Med - BEHTUNATOP pacnonoxeH cHoky.

®  3ZHCNEpUMEHT MNod - BEHTUAATOR BBIKMHIHMAWM NOCNE 4-5 MAHYT OMNEITa.
— MNpenenbHD AOMYCTMMAR KOHLEHTRALMA.

# Experiment No.3 - the fan is placed behind the welder

' Experiment No.4 - the fan iz placed to the side of the welder

® Experiment No.4 - the fan was turned off after 4 minutes of the experiment
Maximum permissible concentration

Puc. 6. Konnentpaiiuu yriekuciaoro raza B M3MEpUTEIbHBIX TOUKaX CMOTPOBOM SIMBI
Ha pa3HOH rIIyOMHE MPH MPOBEACHUH dKCIIepuMeHTOB Ne 3 1 Ne 4

Fig. 6. Carbon dioxide concentration at the measuring points of the observation pit
at different depths in the experiments No. 3 and No. 4

Ha puc. 5, a, 6 npencraBineHsl pe3yinbTaThl
3aMepoOB  Ia30aHAIN3aTOPOM  KOHLEHTpalun
yrapHoro ra3a u okcuga aszora NO:z B
W3MEpPUTENIbHBIX TOYKaX CMOTPOBOM sIMBI Ha
pazHoOU riryouHe pu IIPOBEACHUHN
skcriepuMeHToB Ne 3 u Ne 4. KonueHrtpauuu
npespici [I/IK MMEHHO B 3THX HaMXyIIIMX
peXMMax BEHTWIMPOBAHHUS CMOTPOBOM SIMBI H
JOCTUIIIN MakcuMyMa B dkcrnepumeHte Ne 4
IIOCJIE OTKJIFOUEHUSI BEHTWIIATOPA B TOUKE «T1».

IIpy  Bcex  paBHBIX  YCIOBMSIX  Ha
MaKCHMaJbHBIX TJIYOMHAaX CMOTpPOBOH $IMbI B
toukax «T1» wu  «Ts» wumewT  MecTo
MaKCHMaJbHble KOHIIEHTPAllUd KaK BpPEIHBIX
BEUIECTB, TaK M  YIJIEKHCIOrO  Tasa.
OKCIIepUMEHTHl JUTMJIUCh He Oosiee 5 MHH,
OJTHAKO YK€ 3a O3TO BpeMsi IO BCEM
UCCIIElyeMbIM ~ BEIIECTBaM  MOXXHO  OBLIO
Habmoaate npesbimenue [1JIK. OueBuano, uTo
C YBEJIMYEHUEM BpPEMEHHU CBapKu (IeHcTBUS
HCTOYHUKA

3arpsi3HEHUs) KapTHHA

3ara3oBaHHOCTH Oyner

pacti.

YXYALIAThCH,
KOHIIEHTpALUU ITpnunna
sddexra yriiax

CMOTpOBOfI SIMBI CO3/IAIOTCS 3aCTOMHEIE 30HBEI,

JTAHHOTO
COCTOMT B TOM, 4YTO B
0O0JIBILIUM

KOTOPELIC HC MMPOBCTPUBAIOTCA

Fig. 5, a and b present the results of
measurements by analyzer concentrations of
carbon monoxide and nitrogen oxide NO> at the
measuring points of the observation pit at
different depths in the experiments No. 3 and
No. 4. Concentrations exceeded MPC exactly in
these cases of worst ventilation of inspection pit
and reached the maximum in the experiment
No. 4, after turning off the fan at the point "T1".

All things being equal at the maximum
depths of the inspection pit at the points "T1"
and "T5" we have the maximum concentration
of harmful substances and carbon dioxide.
Experiments lasted no more than 5 min,
however, during this time, all of the
investigated substances exceeded MPC. It is
obvious that with increase of welding time (the
source of pollution) gas accumulation will be
worse, concentration will grow. The reason for
this effect is that in the corners of the
observation pit stagnant zones are created,
which are not ventilated by a large vortex
formed by a stable convective transfer of
welding fumes and gases vertically upwards.

http://bps-journal.ru/ 13
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BHXPEM, 00pa3oBaHHBIM
KOHBEKTHBHBIM IEpPEHOCOM

YCTONYUBBIM
CBapOYHBIX
a’p030JIed U Ta30B BEPTUKAIBHO BBEPX.
Conocrasnenue AKCIIEPUMEHTAIbHBIX
JAHHBIX, TIOJYYEHHBIX B XOJA€ IPOBENEHHBIX
UCCIIEIOBaHUM, IIOKa3blBae€T, 4YTO KapTHHA
TeMIIepaTypPHBIX 0JIeHl M KOHLIEHTpALUi cxoxka,
MaKCUMYMBbI HaOIroAa0TCs B
HauOoJbIIeH II1yOUHBI pacroyioKeHus

HU3MEPUTCIIBHBIX TOYECK, a M3 BCCX PEXKHUMOB

TOYKax

IIPOBETPUBAHUS o0beKTa HauXyALIUMU
BapHaHTaMHU cTayu sKcriepuMeHThI Ne 3 u Ne 4.
BriBojbI.

IIpoBenEHHbIC U3MEpEHHUs

KOHLCHTP aIII/If/'I BPCAHBIX BECUICCTB n

YIJIEKUCIoro  rasa,  oOpa3ylolmuxcs — IpH
alETUIIEHO-KUCIOPOIHOM CBapKe, MOKa3aiu, 4To
OHM IMPEBBILAIOT CAHUTAPHO-TUTUEHUYECKUN
nopMatuB [1/IK, ycranoBneHHbiil ans paboueit
30HbI. CTECHEHHBIE YCIIOBUSI CBApOYHBIX padoOT
CO3/1al0T HEOJAronpUsITHBIE YCIOBUS U IO
koHneHnTpanun CO2 B BO3ayxe paboueil 30HBI.
[Ipu nnuTenbHOM BEACHUU TakKuX paboT y
CBapIIMKa BO3HUKAET MATOJIOTHS, CBs3aHHAs C
HEJIOCTATKOM KHCIIOpoJa B BO3JIyX€E.
AHaNOTUYHBIE HCCIEAOBAHUS IO TEMIIEpaType
BO31yXxa paboyeil 30HbI MOKa3alu, YTO CBAPIIUK
HAaXOQUTCSI B HEONArOmpHsITHBIX  YCIOBHSIX
MIPOU3BOJICTBEHHOTO MUKPOKJIMMATa, TPEKIe
BCETO 10 TeMITepaType.

[Tony4yeHHble pe3ynbTaThl U MPEIBAPUTETHLHO
MPOBEAEHHBIE MOJEIBHBIE PACUYETHI MO3BOIUIN

HE00XOTUMBIM
MaTeMaTU4YeCKOn
TpeOOBaHUS K

BbIpaboTaTh TpeOOBaHUS K
YCIOBUSAM  BepUPHUKAILMU
MOJIEIM M TpPEeXJae BCEro
TUTAHUPOBAHUIO U TIPOBEICHUIO SKCIIEPUMEHTOB:
1. DkcnepumeHT

NOJDKEH JUIMTBCA [0

YCTaHOBJICHUA COCTOAHHUA TCIIJIOBOTO

paBHOBECHUA, KoOorga ¢ TCUCHUCM BPEMCHHU

TEeMIIEPATypPbI u KOHIEHTpaLUn B
MU3MEPUTENIbHBIX TOYKaX MEPecTaroT U3MEHSTCH.
I[lo omblITy mpeaployIIMX  MCCIEAOBAHUN
aBTOpOB, 3TO BpeMs cocTaBisieT 15-20 MuHYT,
TO €CTb 3HAYUTEJIBHO MPEBBINAET BpeMs
(bopMHpOBaHUS TETJIOBOI CTPYH IPH CBapKe.

2. Jns

BepUpUKALMK  MaTeMaTUYEeCKOM

b

The comparison of the experimental data
obtained in the course of the conducted studies,
shows that the pattern of temperature fields and
concentrations are similar, the maximums are
observed at the points of greatest depth of the
location of the measuring points and of all the
modes of ventilation of the object the worst
options become the experiments No. 3 and No.
4,

Conclusion. The measured concentrations of
dioxide,
produced by oxyacetylene welding, have shown
that they exceed hygienic standard MPC set for

harmful substances and carbon

the work area. Cramped conditions of welding
operations create non-favorable conditions
taking into account CO: concentrations in the
air of working zone. Prolonged maintenance of
such works causes the welder to have the
pathology associated with the lack of oxygen in
the air. Similar studies on the temperature of the
working area showed that the welder is in non-
favorable conditions of production
microclimate, and first of all it is temperature.

The obtained results and preliminary model
calculations made it possible to formulate the
requirements to the verification of the
mathematical model and especially the
requirements for planning and conducting
experiments:

1. The experiment should last until the state
of thermal equilibrium is established, when over
time the temperature and concentration at the
measuring points stops changing. According to
the experience of previous studies, it is about
15-20 minutes, which is much higher than the
formation time of the thermal jet during
welding.

2. For verification of the mathematical model
of heat and mass transfer of contaminants it is

necessary to have accurate detailed knowledge

b 14
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MOJICIA  TEIUIOMACCONEPEHOca  3arpsI3HCHHIMA of the source of pollution, obtained neither on
HEOOXOIMMBI TOYHBIE JIETAJbHBIE 3HAHUA O the basis of the specification of welding
MCTOYHUKE 3arpsAsHCHUA, HOJMYHCHHBIC HC Ha equipment nor as a result of calculations, but by
OCHOBAHMM — HACHOPTHBIX  XAPAKTCPHCTHK  maasurements of the required parameters. In

CBapoO4YHOTO 000 JOBAaHUA HWIIU B PE3YyJIbTaTe . . .
P Py pesy these experiments during oxyacetylene welding

pacuéToB, a IMMyTEM H3MEpPEHUsT HEOOXOIMMBIX
the authors measured the amount of oxygen and

acetylene supplied to a gas burner.

mapaMETpoOB. B HACTOAIIUX SKCIICPUMEHTAX IIPU
aHeTHHeHO-KHCHOPOHHOﬁ CBAapKC HU3BMEPAINCH

pacxosl KUCIIOpoAa u aIreTuIICHa, The requirements are needed to be considered

MIOCTYIAIOIIKME Ha Fa30BYIO TOPEJIKY. when planning future experiments, for example,
CdopmynnpoBanHbie TpeOOBaHHs in  experiments  with  flux-cored  wire

HEOOXOJMMO  y4ecTb TMpH  IUIAHUPOBAHUH INNERSHIELD.

MOCJIEAYIOIUX 3KCIEPUMEHTOB, HallpUMeEp, B

OIBITAX c IIOPOLIKOBOM IIPOBOJIOKOM

INNERSHIELD.
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