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AHOTANIA

Kpaeuenxko A.B. TlimmapoBe raciHHs CHOHUPTIB BOTHETACHUM aepo30JieM. —
Kpanidikamiitna HaykoBa mparis Ha IIpaBax PyKOIHCY.

HucepTtarnis Ha 3700yTTS HAyKOBOTO CTyHeHs J0KTopa ¢imocodii 3a
crietiasibHIicTIO 216 — mokexkHa Oe3mneka. JIbBIBCHKUM JIepKaBHUM YHIBEPCUTET
oe3nexu xutTeaisuibHocTi JJCHC Ykpainu, JIbBiB, 2021.

VY nucepraniiiHiii po0OTi, SIKa € 3aKIHUYEHUM HAyKOBHUM JOCIIJKCHHSM,
pPO3B’SI3aHO aKTyallbHY HAyKOBO-TEXHIYHY 3a/ladyy pPO3KPUTTSA OCOOJMBOCTEN
BIUTMBY YMHHHKIB Ha MPOIIECH MPUIMHECHHS TOPIHHS CIUPTIB Y pe3epByapax Mpu
MiAIIApOBOMY TIOJJaBaHHI BOTHETaCHOTO aepo30JIf0, SK HAYKOBOTO MIATPYHTS
MiIBUIICHHS ¢(PEKTHBHOCTI CHCTEM ITIMIAPOBOI0 IMOXKEKOTaCiHHS pe3epByapiB i3
CITUPTAMH.

Y po6oti OOIpyHTOBAHO AaKTyaJbHICTh TEMHU JAHCEpPTalIMHOI POOOTH Ta
BOXJIMBICTh BHUKOPHUCTaHHS BOTHETaCHOTO Aaepo30JIl0 Ui IAIIAPOBOTO TaCiHHS
CIIMPTIB.

[TpoBeneHO aHai3 MOXKEXK HA CIUPTOBHX ITAMPUEMCTBAX Ta BCTAHOBJICHO,
IO MpU BEJIHMKUX 00’€Max TOpiHHSA CHHUPTY TEIJIOBE BUIPOMIHIOBaHHS HaOyBae
3HAYHOTO BIUIMBY Ha IMIBUAKICTh TOPIHHSA CHUPTY. Takok BCTAaHOBIICHO, IO MPHU
3HaYHUX 00’€Max TOpIHHA CHHUPTY ICHYIOUl IIIHHI 3aCO0M MOXKEKOIraciHHsA
MOJICKONIM HE 3a0e3Mevyr0Th MMOBHOTO TaCiHHS, a BUTpPaTa MHOYTBOPIOBAYA MOXKE
OyTH OUTBIIIOIO 32 00’ €M CaMOT0 CIIUPTY SIKAW TOPUTD.

VY nucepramiiiHii poOOTI 3a pe3ylbTaTaMH aHali3y Cy4acHOro0 CTaHy
pO3pOOJIEHHST Ta 3acTOCYBaHHS CHCTEM IIIIAPOBOTO Ta  aepO30JIbHOTO
MOXKEXKOTACIHHS BUCYHYTO 171€10, 10 OJHUM 13 IIUISXIB MiABUIIEHHS €(PEKTUBHOCTI
HiAIIapOBOT0 MOXKEKOTaCIHHS € MOAaBaHHS BOTHETaCHOTO aepo30JIi0 MiAIIapoBO 3
METOO TPUITMHEHHS TOPIHHS CITUPTY.

Takox mpoBEAEHO aHai3 ICHYIOUMX BOTHEraCHUX CHOCOOIB Ta 3aco0iB
MiIIaPOBOTO TaciHHS, BCTAHOBJICHO iX HEJOJNIKM Ta TOKa3aHO OCOOJMBOCTI iX

3acTOCyBaHHA.  TeopeTnyHO  OOTPYHTOBAaHO  MOXJIMBICTH  IIiIBHILEHHS



e(eKTUBHOCTI CHUCTEM MiJIIAPOBOIO TaciHHS CIHMPTIB Yy pe3epByapax MLUISIXOM
MiAMAapOBOrO TOJABaHHS BOTHETaCHOTO aepo30Jii0 3 JTHA  pe3epByapy.
OOrpyHTOBaHO, W10 TMpU MIAIIAPOBOMY TMOAABaHHI ae€pO30JI0  KIHIEBUUI
BOTHETACHUU €(EeKT Mpu MiamapoBOMy IOJaBaHHI aepo30Ji0 3a0e3MeuyeThCs
CYMapHOIO I€I0 YMHHUKIB, SKi BUHHKAIOTh B MOMEHT BHUIXOAY, MPOXOHKCHHS
yepe3 IIap pIAMHU Ta BUXIJI aepo30JII0 HA MOBEPXHIO crnupTy. [IpoananizoBaHo
ICHYIOY1 METOJIM MiAIMAPOBOr0 TAaCIHHS Ta BHUSBIEHO MOXIIMBOCTI 3aCTOCYBaHHS
BOTHETaCHOT'O aepO30JII0 /I TaciHHS MpH MIJIIApOBOMY IOJABaHHI aepo30iIio 3
JHA pe3epByapy 31 CHUPTOM. Po3pobOneno Meroguky Ta TPOBEIEHO
EKCIIEpUMEHTAIbHI  JAOCHIHDKEHHS 1I0J0 BUSBJIEHHS YWHHUKIB BIUIMBY Ha
e(EeKTUBHICTh MPOLECY MPUIMHEHHS TOPIHHS y pa3i MIJIIapOBOr0 MOJaBaHHS
aepo30JIi0 3 JIHAa pe3epByapy 31 cnupToM. BuspieHo edeKT CHHEpri3aMy YMHHUKIB
Ipy MiAMIAPOBOMY TMOAAaBaHHI BOTHETaCHOTO aepo30JII0 3 JHA pe3epByapy uepes
KUTBIIEBUH PO3MOAUTEHUK, IKHIM pO3TalloBaHui 01151 OOPTIB, POJIb KOO MOJATAE Y
3HIKEHH1 Yacy raciHHs 10 2 pa3iB, 32 YMOBH IOJJaBaHHSI BOTHETaCHOTO aepO30JIi0
B LICHTPI pe3epByapy.

VY pesynbTaTi JOCHIIKEHHS BUSBICHO €(DEeKT CHHEpri3My, SKUi MOojisrae y
0e3mocepeHbOMY OJIHOYACHOMY 3a0€3MEUeHH] OXOJO/KYI4Yoro edekTy, o
BUHUKA€E B PE3yibTaTi BUXOJY aepo30Ji0 Ha MOBEPXHIO, TMpPH IepeMillyBaHHI
CIOHPTY Ta OXOJO/KCHHI BEPXHBOTO KHIUISTYOrO IHapy CHOUPTY Ta CTIHOK
pe3epByapy BHACHTIIOK BUXOAY aepo30NI0 Ha TOBEpXHIO piawHH. [lpm 1mpomy
€KCIIEpUMEHTAJIbHO BCTAHOBJIEHO, IO 3MEHLIEHHsI po3Mipy OynbOamok (1-5 Mm)
3a0e3nedyye OUIbII PIBHOMIPHUN BHUXIJ Ta €(QEKTHUBHICTh TaciHHSA CHHPTY 3a
pPaxyHOK YTBOPEHHsI MIHUCTOrO T€TEPOre€HHOrO IIapy Ha MOBEPXHI CHUPTY, SKHii
CKJIaIa€ThCs 3 OynbOaIoK Ta COUPTY.

ExcniepumMenTtaibHO BCTaHOBJICHO IHTEHCUBHICTb TEIIOBOTO
BUINPOMIiHIOBaHHS Ha BijctaHi 30 Ta 60 MM BiJ MOBEpPXHI CIIUPTOBOTO IMOIYyM’ S
miomeo 234 cM’. BCTaHOBIGHO, [0 3HAYCHHS I{HTCHCHBHOCTI TEILIOBOTO
BUIPOMIHIOBAHHS JISl 3a3HAUYCHHMX CNHPTIB cTaHOBUTH Bia 0,8 mo 4,7 KBT/MZ, a

IHTEHCHUBHICTh BUIIPOMIHIOBAaHHS MaKCHUMAaJIbHO 30uIbIIyeThcss Bim 30 mo 40



CEKYH/I TOPIHHSI, 110 MOSICHIOETHCA HArpiBaHHSAM MOBEPXHI CIUPTY 1 30UIbIIEHHSIM
IHTEHCUBHOCTI HOTO BUIIApOBYBaHHS. Tak0oX eKCIIEPUMEHTAILHO BCTAHOBJICHO, IO
IHTEHCUBHICTh TEIJIOBOTO BUIPOMIHIOBAHHS JJISI €TAHOJIY 3HAYHO 3MCHITYETHCS
IIpY IHTEHCUBHOCTSX TO/IaBaHHs aepo30iito a0 1,2 1/c, mo 3ade3nedye 3MeHITIEHHS
noJyM’st 10 2-X pas3iB Ta MOMANBINOro raciHHsA. [Ipw 1bOMy BCTaHOBIICHO, IO
OCHOBHHM (paKTOpPOM, SIKMH BIJIUBA€E HA CHJIYy TOpPIHHS € 1HTCHCHBHICTh
BUIIPOMIHIOBaHHS, $iKa 3a0e3Meduye HarpiBaHHS TOBEPXHI PIAUHU Ta CTIHKU
pe3epByapy. Po3pobiieHo MaTeMaTH4HE MJIaHYBaHHS €KCIIEPUMEHTY 11010 BIUIUBY
KOHIICHTpAIIl aepo30J110 Ta TYCTUHHU TOPIOYO0I PIIMHM HA Yac JIKBAAIi TOPIHHS
IIPY YMOBI M1IIIAPOBOTO TaCiHHS.

3BakarouM, IO MPOBEACHHS EKCIEPUMEHTY 3 BHM3HAUCHHSI 1HTEHCHBHOCTI
TEIUIOBOI'O BHUIIPOMIHIOBAaHHS TOPIHHS CHHUPTIB MPU MIAIIAPOBOMY IOJAaBaHHI
aepo30JII0  31MCHIOBAJIOCH B JIa0OPaTOPHUX YMOBax, TO OYyJI0 BCTAHOBJIEHO
perpeciiiny 3aJIeKHICTh, SIKY OyJIO MOKa3aHO y BUTJISAI TOJIHOMIaIbHUX PIBHSHD
perpecii.

Takox B poOOTI TEOPETUYHO OOIPYHTOBAHO Ta TMOKA3aHO B3a€EMO3B’SI3KU
YUHHUKIB, 1[I0 TNPU3BOASATH JO 3HIDKEHHS  I1HTEHCHUBHOCTI  TEIUIOBOTO
BUIPOMIHIOBAHHS TIPH IiIMIAPOBOMY TaCiHHI CIIUPTIB BOTHETACHUMH aepO30JIIMHU.
BcranoBieHo, 110 miAmapoBe moJgaBaHHsI BOTHETACHOTO aepO30JI0 PEaTi30BYE Pl
YUHHUKIB, SIKI CHHEPTIYHO 3a0€3MeUyI0Th 3HW)KEHHS 1HTEHCHBHOCTI TEIJIOBOTO
BUIIPOMIHIOBAHHS 3a PaxXyHOK OXOJOKCHHS CIUPTY, (ierMaTU3yBaHHS 30HH
napiB 1 rasiB, 1HT1O1FOBaHHSI 30HU PEAKLIi TOPIHHA Ta PO3CIIOBAHHS TEIIa Pa3oM 3
HarpituM aeposojieM. KpiM mporo, BUHECEHHS aepO30JII0 Pa3oM 3 MPOIYyKTaMHU
TOpPiHHSA 13 30HM peakiii TOpiHHS 3a0e3ledye eKpaHyBaHHS HABKOJIUITHBOTO
IPOCTOPY BIJ TEIUIOBOIO BHIPOMIHIOBAHHS TONyM’sl. Y pe3yiabTaTi aHami3zy
TEOPETUYHUX Ta  CEKCIEPUMEHTAIBHUX  PpE3yJbTaTiB  JOCHIKEHHS  Oyio
OoOTpyHTOBAHO BUXI1JHI JJaHI CUCTEMH II1IIIIAPOBOTO a€pO30JLHOI0 MOXKEKOTACIHHS
3 BHUXOJIOM BOTHETACHOT'O aepOo30JII0 Ha IMOBEPXHIO 4epe3 KUIbIe-pO3MOAITbHUK.
Takox  po3poOJieHO CXeMaTU4HY KOHCTPYKIIIO CHUCTEMH  aepO30JbHOTO

HiIapoBoro racinis. Po3po0sieHo TexXHIYHI JOKYMEHTH, BUTOTOBJICHO JTOCTIAHUN



3pa30K CHCTEMH aepO30JIbHOTO IiIIIApPOBOrO TaciHHS, MPOBEICHO ampoOarliio B
TIOJIITOHHMX YMOBAX, a TAKOXK HAMPAIbOBAHO PEKOMEHAIIIT IIOI0 X 3aCTOCYBaHHS
JUISL TIPOTUIOXKEKHOTO 3aXHUCTy OO €KTIB 3 MOXJIMBICTIO BUHUKHEHHS TMOXKEXK
Kiacy B.

Pesynpratn  goCHiKEHb  BOPOBAKEHO B CHUCTEMI  MIIIAPOBOTO
aepO30JIBLHOTO TOKEKOTACIiHHS JUIsl MPOTHUIIOKEKHOTO 3aXUCTy pe3epByapy 13
CIIUPTOM, a TaKOX y BUIJISAI YCTAHOBKU Ta METOAMKH BUMPOOYBaHb Y HAYKOBO-
BUNPOOYBaIbHIN J1abopaTopii JIbBIBCBKOTO JIEPKABHOTO YHIBEPCHUTETY O€3IMeKu
KUTTEIISIIBHOCTI Ta JIEKIIHHUX Marepiajax I Yac BUKIAJAaHHS JUCIUILIIHU
«Teopist pO3BUTKY Ta MPUITUHEHHS TOPIHHS».

Kiro4oBi cjioBa: BorHeracHuii aepo30Jib, 1HTIOITOPU TOPIHHS, aepO30JIbHE

MOKEXKOraClHHS, MiIIAPOBE FACIHHS, FACIHHA CIUPTIB, (hJIerMaTu3aTopH.
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ABSTRACT

Anton Kravchenko. Sublayer extinguishing of alcohols by fire extinguishing
aerosol. - Qualifying scientific work on manuscript copyright.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 216 - fire safety. Lviv State University of Life Safety of
the State Emergency Service of Ukraine, Lviv, 2021.

In the dissertation work, which is a completed scientific research, the actual
scientific and technical problem of revealing the peculiarities of the influence of
factors on the processes of stopping the burning of alcohols in tanks with sublayer
supply of fire extinguishing aerosol as a scientific basis for improving the
efficiency of sublayer fire extinguishing systems.

The relevance of the dissertation topic and the importance of using fire-
extinguishing aerosol for sublayer extinguishing of alcohols are substantiated in
the work.

The analysis of fires at alcohol enterprises was carried out in the work and it
was established that at significant volumes of alcohol combustion thermal radiation
has a significant effect on the rate of alcohol combustion. It has also been found
that with significant volumes of alcohol combustion, the existing foam
extinguishing agents sometimes do not provide complete extinguishing, and the
consumption of foaming agent can be much larger even than the volume of the
alcohol itself that burns.

In the dissertation, based on the analysis of the current state of development
and application of sublayer and aerosol fire extinguishing systems, the idea is put
forward that one of the ways to increase the efficiency of sublayer fire
extinguishing is to supply fire extinguishing aerosol sublayer to stop alcohol
burning.

The analysis of the existing fire extinguishing methods and means of
sublayer extinguishing is carried out in the work, their shortcomings are
established and features of their application are shown. The possibility of

increasing the efficiency of sublayer extinguishing systems of alcohols in tanks by



sublayer supply of fire-extinguishing aerosol from the bottom of the tank is
theoretically substantiated. It is substantiated that at sublayer aerosol supply the
final fire-extinguishing effect at sublayer aerosol supply is provided by total action
of the factors arising at the moment of an exit, passing through a liquid layer and
an aerosol exit on an alcohol surface. The existing methods of sublayer
extinguishing are analyzed and the possibilities of application of fire extinguishing
aerosol for extinguishing at sublayer supply of aerosol from the bottom of the tank
with alcohol are revealed. A method has been developed and experimental studies
have been carried out to identify the influence of factors on the efficiency of the
combustion cessation process in the case of sublayer aerosol supply from the
bottom of an alcohol tank. The effect of synergism of factors in the sublayer supply
of fire-extinguishing aerosol from the bottom of the tank through the annular
distributor, which is located near the sides, the essence of which is to reduce the
guenching time to 2 times, compared with the supply of fire-extinguishing aerosol
in the center of the tank.

The study revealed the effect of synergism, which consists in the direct
simultaneous provision of the cooling effect resulting from the aerosol on the
surface when mixing alcohol and cooling the upper fluidized bed of alcohol and
tank walls due to the aerosol on the surface of the liquid. It was experimentally
established that the reduction of the size of the bubbles (1-5 mm) provides a more
uniform yield and effective quenching of alcohol due to the formation of a foamy
heterogeneous layer on the surface of the alcohol which consists of bubbles and
alcohol.

The intensity of thermal radiation at an distance of 30 and 60 mm from the
surface of an alcohol flame with an area of 234 cm® was experimentally
established. It is established that the value of the intensity of thermal radiation for
these alcohols is from 0.8 to 4.7 kW / m?, and the radiation intensity increases from
30 to 40 seconds of combustion, due to heating of the alcohol surface and
increasing the intensity of its evaporation. It has also been experimentally

established that the intensity of thermal radiation for ethanol is significantly



reduced at aerosol supply intensities of up to 1.2 g / s, which reduces the flame by
up to 2 times and then extinguishes it. It was found that the main factor influencing
the intensity of combustion is the intensity of radiation, which provides heating of
the liquid surface and the tank wall. Mathematical planning of the experiment on
the influence of aerosol concentration and combustible liquid density on the
elimination of combustion under the condition of sublayer quenching has been
developed.

Considering that the experiment to determine the intensity of thermal
radiation of alcohol combustion during sublayer aerosol supply was carried out in
the laboratory, a regression dependence was established which was shown in the
form of polynomial regression equations.

The paper also theoretically substantiates and shows the relationships of
factors that lead to a decrease in the intensity of thermal radiation during sublayer
quenching of alcohols with fire-extinguishing aerosols. It is established that the
sublayer supply of fire extinguishing aerosol implements a number of factors that
synergistically reduce the intensity of thermal radiation by cooling alcohol,
phlegmatizing the vapor and gas zone, inhibiting the combustion reaction zone and
heat dissipation together with the heated aerosol. In addition, the removal of the
aerosol together with the combustion products from the combustion reaction zone
provides shielding of the surrounding space from the thermal radiation of the
flame. As a result of analyzes of theoretical and experimental results of the study,
the initial data of the sublayer aerosol fire extinguishing system with the release of
fire extinguishing aerosol to the surface through the distributor ring were
substantiated. A circuit solution for the design of the aerosol sublayer
extinguishing system has also been developed. Technical documents have been
developed, a prototype of an aerosol sublayer extinguishing system has been
prepared, testing in landfill conditions has been carried out, and recommendations
for their use for fire protection of objects with the possibility of class B fires have

been developed.



The research results are implemented in the system of sublayer aerosol fire
extinguishing for fire protection of the tank with alcohol, as well as in the form of
installation and test methods in the research laboratory of Lviv State University of
Life Safety and lecture materials during the course "Theory of development and
cessation of combustion".

Key words: fire extinguishing aerosol, combustion inhibitors, aerosol fire

extinguishing, sublayer extinguishing, alcohol extinguishing, phlegmatizers.
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