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AHOTAILIA
Botimosuu T.M. BIocKOHaJIGHHSI TEXHOJIOT1T “MiIIAapOBOT0” MOMKEKOTACIHHS B
pesepByapax 3 HadTompoaykTtamu. — KBamidikariiiHa HaykoBa Mpalisl Ha IpaBax
PYKOTIHCY.
Huceprariss Ha 3100yTTS HAyKOBOro CTyIeHs Joktopa ¢iurocodii 3a
cuemianbHicTIO 261 «Iloxkexna Oe3nexa». — JIbBIBCHKUN Jep>KaBHUN YHIBEPCHUTET

Oe3MeKH KUTTEMISUILHOCTI, JIBBIB, 2020.

Hucepraiiiina po0oTa mNpUCBAYEHA PO3B’SI3aHHIO AaKTyaJbHOI HAYKOBO-
TEXHIYHOI 3a7a4i — BJIOCKOHAJICHHIO TEXHOJIOTIi “MiAIapoBOro” MOMXKEXOTaCIHHS B
pe3epByapax 3 HaTOMPOAYKTaMHU.

He3Baxkatoum Ha 3HAYHUU MPOrpec TEXHOJOTIH, y TOMYy uucil My cdepi
MOXKEKHOT OE3MeKH, MOXKEXK1 PIIMH y pe3epByapax 3 HadToO 1 HaQTOMPOIyKTaMU
3aJIMIIAIOTECS OJHMMM 3 HaWCKIAagHIMMX Mg JjikBigamii. “IligmapoBuii” cnociod
raciHHS TaKUX MOXKEXK € HAWOE3MEeUHIIUM JJIsi 0COOOBOIO CKIIAy PATYBAJIbHHKIB,
IPOTUIOXKEKHOI TEXHIKH Ta 00JIaIHAHHS.

Jlns  #ioro peanmi3anii BUKOPUCTOBYIOTH CaM€ IIHOYTBOPIOBAadY (IIHHHIMA
KOHIIEHTpaT) 13 (TOpPOBaHMMH CTab1Ii3aTOpaMH, BOAHHI PO3YMH SKOTO 3/1aTEH
CaMOBUJIBHO PO3TIKATHCH, MOKPUBATH MOBEPXHIO HAPTH 1 HAPTOMPOAYKTIB TOHKOIO
IUTIBKOIO, siIKa MpuUrHidye audysito roprounx napis. Ha cydacHomy etami po3BUTKY
HAIIO1 KpaiHH JTOCIIPKEHHIO LIbOI'0 MTUTaHHS MPUALIEHO HEJOCTaTHHO YBary.

Buknaneno npoOieMu raciHHS MOXKEXK B pe3epByapax, a TaKoK OCOOJMUBOCTI iX
JIKBIAAII] TOJIaBaHHIM pOOOYUX PO3YUHIB (DTOPCUHTETUYHUX MIHOYTBOPIOBAYIB T
11ap ropry4ol pe4OBUHH.

[Tin yac BUKOHaHHS AMCEPTALIWHOI poOOTH OyJIM BUKOPUCTAHI: KOMILIEKCHHIM
METOJl JOCIHIPKeHb, SKHI BKIIOYAB aHaji3 1 y3arajibHEHHs HAyKOBO-TEXHIUHUX
JIOCSITHEHb 3 MHUTaHb PO3pPOOJICHHS 1 3aCTOCYBaHHS BOJOMIHHUX BOTHETACHUX
PEYOBHH; TPAaBIMETPUUYHUNA METOJ JIJISl TOCHIJKEHHS BIUIMBY 1HTIOITOPIB KOPO3ii Ha
KOPO3iiiHy aKTUBHICTh POOOYMX PO3UYMHIB MHOYTBOPIOBAYiB; (Q13UKO-XIMIYHI METOIH
— TePMOANHAMIYHUHN; METOJ 0OPOOKH CTATUCTHUYHUX JaHUX; METOIN MaTEeMaTUYHOTO

MOJICITIOBAHHS /I TEOPETUYHOI OINIHKHM TMapameTpiB pyXy 3aTOIUICHUX CTPYMEHIB



MiHM HU3BbKOI KpaTHOCTI B pe3epByapi 13 HaTONpoAyKTOM, SKi OyAyTh
ONTUMAJILHUMH JIJISl TPAHCTIOPTYBAHHS MIHU KPi3b 1IAp NAJIBHOTO HAa HOTO MOBEPXHIO.

CHpoeKTOBaHO EKCINEPUMEHTAIbHY YCTAaHOBKY JJIi MOJCIIIOBAHHS MOXEXK B
pesepByapax. IIpoBeaeHo AOCHIIKEHHS 3 BU3HAYEHHS BOTHETacHOI €(EKTHUBHOCTI
pAly MHOYTBOPIOBAYIB BITYM3HSIHOTO BUPOOHMIITBA i Yac “miaIIapoBOro” raciHHs
pe3epByapis.

3rifHO  TMJIaHYBaHHS  €KCHEPUMEHTIB  JJIs  BHU3HAUEHHS  ONTUMAJbHOI
IHTEHCUBHOCTI Ta THCKY B CHUCTEMIi “‘HIIIApOBOTO” IMOJaBaHHS POOOYMX PO3UMHIB
MiHOYTBOPIOBAUIB 3arajlbHOTO 1 CIEUIabHOTO MpPU3HAYEHHS ISl TaciHHA OCH3MHY
HEOOX1THO MPOBECTH HE MEHIIIEe 4 TOCTIIIB.

Bu3HayeHO TpuBalicTh TaciHHS HA(QTOMPOAYKTIB, @ TAKOXK €KCIIEPUMEHTAIBHO
BU3HAYEHO IHTEHCHBHOCTI IOJABaHHS pOOOYMX PpO3YMHIB MIHOYTBOPIOBAYIB
3araJbHOTO 1 CIICLIAIbHOTO IPU3HAYCHHS: [UTS raciHust ropinas 6ensuny (0,1 /v’ ¢
Y ta musensHOroO maymea (0,08 w/m*-c).

[IpoanasnizoBaHoO BiAMOBIIHICTh IHTEHCUBHOCTEH 10 HOPMAaTUBHUX 3HAYECHb.

BcranoBneHo, 1110 YMHHI BITYU3HSIHI HOPMATUBHI JOKYMEHTH MOTPEOYIOTh 3MiH
II0JI0 1HTEHCHMBHOCTI TOJAaBaHHS pPOOOYMX PO3YMHIB MIHOYTBOPIOBAUIB MpHU
“miamapoBomy”’ racinHi HaTH 1 HAQTONPOIYKTIB B pe3epByapax.

BusHnaueHo, mo y pa3i BUKOPUCTaHHS MIHOYTBOPIOBAYIB 3arajibHOTO
NPU3HAYEHHS U1l TaciHHSA TOpPIHHS OCH3MHY 1 JU3EJbHOr0 MaluBa “HiaIIapOBUM”
criocoboMm, HeoOxigHa OiibIlla 1HTEHCHUBHICTh MMOJABaHHSA, HIK 3 BUKOPUCTAHHSIM
dTopcHHTeTHUHHX MiHOyTBOpIOBadiB (He Merie 0,135 1/m>c™).

[IpyurHOIO € HasBHICTH Yy TMIHOYTBOPIOBAauYax CICHIAILHOTO MPU3HAYCHHS
(GTOPBYTJICBOIHEBOTO KOMIIOHEHTA, KM HaJa€ TiHI 1IHEPTHOCTI JI0 BYTJICBOJIHHUX
PEYOBHMH, a TAaKOX 3/aTHOCTI YTBOPIOBATH IUIIBKY, SIKa PO3TIKAETHCS IO MOBEPXHI
MaJIbHOTO 1 3HAYHO 3MEHIIYE IMBUAKICTH HOTO BUTIAPOBYBAHHSI.

[lin yac raciHHS peaJbHUX TMOXKEXK BEPTUKAIBHUX CTaJICBUX pPE3epByapiB 3
HadpTor0O Ta  HAQTONMPOAYKTAMU  “HIAIIApOBUM’~  CIIOCOOOM  BHUKOPHUCTAHHS
MHOYTBOPIOBAYiB 3arajJibHOTO MPU3HAYECHHSI € HEMOXKJIMBUM, OCKIJTBKH B pe3epByapi
31 3HAYHOIO BUCOTOIO MiHA, FEHEPOBAHA 3 pOOOYOro PO3UYMHY MIHOYTBOPIOBAYA LIOTO

TUIY, PyHHY€THCS M1 BIUIMBOM BYTJIEBOJIHIB.



3a pesynbraraMu TraciHHs O€H3MHY “HiAIIapOBUM’ CIIOCOOOM BH3HAYEHO, IO
TPUBAJICTh PYHHYBAHHS MIHK Ha OCHOBI MIHOYTBOPIOBaYa 3arajlbHOr0 MPU3HAYEHHS
micasi TaciHHS CTaHOBWJA JI0 6 XBWIMH, a Ha OCHOBI IUIIBKOYTBOPIOBAJIBHOIO
MiHOYTBOpIOBaua — Ouibie 12 XBUIUH.

CrpoeKToBaHO YCTaHOBKY JIJISl TOCHIPKEHHS IIBUKOCTI MiAHOMY MiHU HU3BKOI
KpPaTHOCTI Kpi3b map HAPTOMPOIYKTY, aJKe BiJl HEl HampsMy 3aJIeKHUTh IIBUIKICTH
TaciHH MOXKEX y BEPTUKAJIBHUX CTAIEBUX pe3epByapax.

BcTanoBieHO 3alIeKHICTh HMIBUJAKOCTI IMIJHOMY IMIHHM HU3BKOI KPATHOCTI Kpi3hb
[Iap JWU3EIbHOTO MajuBa Bl THCKY B CHUCTEMI: 13 30LIbIICHHAM THUCKY MOAAaBaHHS,
HIBUJKICTD MM1IHOMY MPOTOPIIIAHO 3POCTAE.

Po3pobseHo mMaTeMaTHyHy MOJENb PYyXYy 3aTOIUIEHOIO HEBUIBHOIO IMIHHOTO
CTPYMEHS B CEpPEOBUIII MOTOPHOTO MaJIMBa, siIKa aJIeKBATHO OMUCYE peaabHl (Pi3U4HI
polLIecH, 110 BiAOYBAIOTHCS M1 4ac “MiAMAapOBOro” raclHHS MOXKEXK y BEPTUKATBHUX
CTaJIEeBUX pe3epByapax.

BusHaueHo mapameTpu pyxy 3aTOIJIEHMX CTPYMEHIB IIHM HU3bKOI KPaTHOCTI B
pe3epByapi 3 HaQTONPOIYKTOM, SIKI OyIyThb ONTUMAJIbHUMU JJIsi TPAHCIOPTYBAHHS
MiHU Yepe3 TOBIIY MajiBa Ha HOTO TTOBEPXHIO.

BusHaueHo, 110 mo4yaTtkoBa MIBUIKICTh PYXy 3aTOIJICHOTO MIHHOTO CTPyMEHS
XapakTepu3yeThCsl 3HAUYHUM 3racaHHsM: Big 36 go 1,5 m/c 13 monmanmpimium i
3pOCTaHHAM 3aBJASIKU A1l Uik Apximesa.

Bucoki 3HaueHHs NOYaTKOBOI IIBUAKOCTI CTPYMEHS MIPU3BOAATH 10 PYHHYBaHHS
MIHMA 1 BIAMOBIJHO TIPIIOrO TAaCIHHS MOXEXI1: 30LIbIIEHHS MOYaTKOBOI IIBUJIKOCTI
niHHoro crpymens i3 10 mo 18 m/c mpuBoauth 10 50 % BTpaTH MiHU. 3MEHIIEHHS
MOYATKOBOI MIBUAKOCTI MHHOTO CTPYMEHS 3a 3a/1aHO1 IHTEHCUBHOCTI TTOJaBaHHS CJI1T
3MIMCHIOBATH UUISIXOM 30IBIIEHHS BIJMOBIAHOT KUIBKOCTI MIHHMX CTPYMEHIB 13
MOYaTKOBOIO IIBUJIKICTIO B Jllana3oHi Big 2 10 3 M/c.

BcraHoBneHo, 110 3HaYeHHS €Heprii TypOyJIEHTHOCTI 3aTOIUIEHOrO IIHHOIO
CTPYMEHsI € OCHOBHUM YMHHHKOM pPyHHYBaHHS MiHU. BiJHOLIEHHS MakCUMajIbHHUX
3HaUeHb eHeprii TypOyJIEeHTHOCTI MIHHUX CTpyMeHiB Omuspke g0 10 (9,88), a

BIJIHOIIEHHS BIANOBIIHUX iM 3HaY€Hb TOBIIMHU MiHU HA MOBEPXHI HAPTOMPOIYKTY B



Oaky Omm3pke 10 3 (2,57), TOOTO MPUCYTHS HENiHIMHA 3aJEXKHICTh MIXK 3HAYECHHSIM
eHeprii TypOyJICHTHOCTI IIIHHOTO CTPYMEHsI Ta pyHHYBaHHS MIHU B HHOMY.

[TiHH1 CTpyMEH1 CIIiJl pO3MIIIYBaTH O KOIY pajiyca, 3a Skoro 6 30epiraBcs ixX
B3a€EMHUI BIUIMB, a IMBUAKICTH 30IpHOTO IMIHHOTO CTPYMEHsSI HE TEpeBUIyBajia O
PEKOMEHIOBAaHUX Il KOHKPETHOTO HATOMPOAYKTY MaKCUMaIbHUX 3HaueHb (3 abo
6 m/c). lle npu3BOAUTH A0 MOKpAIIEHHS CTIHKOCTI pyXy 30IpHOTO CTpPYMEHS,
3MEHIIEHHS pyHHYBaHHS MIHU B MpOIlEeC] 11 mepeMillieHHs] Ta HeJIOMYIICHHS BUHOCY
najarBa Ha TTOBEPXHIO TOPIHHS.

3po0bneHi BiA peanizailii MaTeMaTUYHOT MOJIENI PIIIEHHS MOBHICTIO Y3TOJUJIHICH
3 pe3ysibTaTaMH, OTPUMAHUMHU 1]l 4aC €KCHEPUMEHTAIbHUX JOCIIKeHb 3 TaciHHSA
MaKeTHOI MOXKEeX1 Kiacy B B ycTaHOBII, sika € 3MEHILIIEHUM BaplaHTOM pe3epByapa
PBC-5000.

HaBenieHo pe3yibTaTH €KCIEPUMEHTAIBHOTO JOCIIHKEHHS BIUIMBY 1HTIOITOpPIB
KOpPO3ii aJKUTIMIJIO30IIHY 1 aJKUIIMIA030J1Hy M Ha KOpO3iiiHy aKTUBHICTh pOOOYMX
PO3YMHIB IMIHOYTBOPIOBAYiB 3arajlbHOT0 Ta CHELIaJIbHOTO Mpu3HadeHHs. OnucaHo
METOJIMKY BU3HAaYEHHS €(DEKTUBHOCTI IIUX 1HT101TOPIB KOPO3ii.

BusiBieHo, 10 MBHUAKICTh KOPO3li METANEBUX IUIACTHH, SIKI BUTPUMYBAIu B
pPO3YMHAX 3 AJKUIIMIJTO30JIIHOM 1 aJKUIIMiZo30iHOM M, 3Ha4HO MeHIa, Hixk 0e3
1HT101TOpa. 3aIeKHO B1J BUly IIHOYTBOPIOBAaYa, 1HT10ITOP AJIKUTIMIZ030J11H 3MEHIITY€E
HIBUAKICTH KOopo3ii y 1,9-3,5 paza, a ankuniMiziozonid M —y 5-18,2 paza.

3a pesyiabTaTaMu BUIPOOYBaHb 3’SICOBAaHO, LIO0 3@ 3MIHHOI TemImepaTypu
KOpO3iiiHa AaKTUBHICTb POOOYMX PpO3YMHIB IMMHOYTBOPIOBaWiB OuIblIA, HDK 13
BUNPOOYBAHHIMU MPU KIMHATHIN TeMmieparypi.

JlonaBaHHsAM 1HT10ITOpa KOPO3il aIKUTIMIIO30JTiIHY M 70 MiHOYTBOPIOBAYiB
«bapc S-1» Ta «IlipeHa» y TrepMeTHUYHO 3aKPUTHUX KOPIYCaX BOTHETACHMKIB
npotsrom 30 Ai6 BCTAaHOBJIEHO, IO JOJABaHHS AalKUTIMIIO307iHY M 3MeHInye
HIBUJIKICTh KOopo3ii y 1,4-1,7 pa3za.

Pesynbrati  JOCHIIPKEHHS MOXYTh OYTH BHUKOPUCTaHI JJsi  PO3POOKH
BOJIOIIIHHMX BOTHETaCHWKIB, a TaKOX Il Yac EeKCIUIyaTailii CTalllOHApHUX CHUCTEM
MIHHOTO TOKEXKOTaCIHHS.

Y 10CKOHAJIEHO METOIMKY PO3PaXyHKY OCHOBHUX MapaMeTpiB CUCTEMH TaCiHHS



pe3epByapiB 3 HapTO0 1 HAPTOMPOAYKTAMH: JTOJAHO PO3PAXYHOK CHJI 1 3aCO0IB s
“miamapoBoro” crnoco0y mnojaBaHHs poOOYMX PO3UHHIB MIHOYTBOPIOBAYIB.

HageneHno npukiaau po3paxyHky Juisi pesepByapa tuny PBC-10000, 3rigHo 13
3alpOIIOHOBAHOI0 HAMU METOJIMKOIO, @ TAKOK METOJIMKOIO, OTMIMCAHOIO Y BITUU3HIHHUX
HOPMATUBHUX JJOKYMEHTaX.

BusHnaueno, 110 3amac miHOYTBOpIOBaYa MpU “MiAIIapOBOMY’ TaciHHI 3TiAHO 13
3aIpPONOHOBAHOK HAMU METOIMKOK, cTaHOBHMB 15,15 M3, mo Gutemn, Hik y 2 pasu
MEHIIIe, HiXK JIJIsl moBepxHeBoro racinug crosnamu ['TIC-600.

Po3paxoBaHO TexHIUHI MapaMeTpu CHUCTEMHU TaciHHS pe3epByapiB 3 HAPTOIO i
HaQTONMPOYKTAaMHU ““TIMIAPOBUM’ CIIOCOOOM JJIsi PI3HOI TPUBAJIOCTI TaCiHHS, TUIIIB
pe3epByapiB Ta BU/IIB MaJIUBa, 110 30€pIiratoThCs B HUX.

HaykoBa HOBU3HA o/iepKaHUX PE3YJIBTATIB MOJSATAE Y PO3KPUTTI OCOOIMBOCTEN
raciHHsl pe3epByapiB 3 HAPTOMPOAYKTAMH 13 3aCTOCYBAHHSIM PsIIy MIHOYTBOPIOBAUIB
BITYM3HSIHOTO BUPOOHUITBA “MIAIAPOBUM”~ CIIOCOOOM.

Brnepuie  ekcrnepuMEHTalbHO  BCTAHOBJIEHO  HOPMATHBHI  1HTEHCHBHOCTI
NoJaBaHHs POOOYMX PO3YMHIB PSAAY MIHOYTBOPIOBAYIB 3arajibHOTO 1 CIELIAJIBHOTO
MPU3HAYEHHSI BITYM3HSHOTO BUPOOHUIITBA I TAaciHHS TOpIHHA OCH3WHY Ta
JIU3EIIbHOTO TAINBA “HiIIapoOBUM’ CIIOCOOOM.

Brnepiie 3moaenb0oBaHO 32 JOMOMOIOK MHporpamHoro mnpoaykty SolidWorks
Flow Simulations mapameTpu pyXy 3aTOIJIEHOTO HEBUIBHOTO IMIHHOTO CTPYMEHS B
Cepel0BHUILI MOTOPHOI'O NaJIUBa, K1 aJIeKBATHO ONMKUCYIOTh peajbH1 (PI3UYHI MPOLECH.

Bnepumie BCTaHOBIEHO BIUIMB 1HTIOITOPIB  KOpO3li  ajuKUIIMIZO30MdIHY Ta
NK1TIM171030J1IHY M Ha KOpO31iHY aKTUBHICTh POOOYMX PO3UYMHIB MIHOYTBOPIOBAUIB
3araJibHOTO Ta CIEeIiaTbHOTO TPU3HAYCHHSI.

Bnepmie 3a pesynabTaTaMy BHW3HAYEHHS TaKMX IMOKA3HUKIB SKOCTI IMaliiBa
IIETAHOBUHM 1HJIEKC, TYCTHHA, TeMIlepaTypa crhajiaxy, a TaKoX (GpakIiiHWA CKiIa
BCTAHOBJICHO, 110 AW3EJIbHE MajMBO, SIKE MIAAABAJIOCS TACIHHIO 13 3aCTOCYBaHHSM
TUTIBKOYTBOPIOBAJILHUX MIHOYTBOPIOBAYIB, MOXKE OyTH MPUIATHUM J0 BUKOPUCTAHHS
3a IPU3HAYCHHSIM.

OOrpyHTOBaHO 3MIHM Ta JOMOBHEHHS JIO BITYM3HSIHUX HOPMATHUBHUX

JIOKYMEHTIB, IO CTOCYIOThCSI HOPMATHBHMX 1HTEHCHBHOCTEH MOJaBaHHS POOOUMX



PO3UKHIB MIHOYTBOPIOBAYIB.

Takum ywmHOM, Oyna BHpillleHa akKTyallbHa HAayKOBO-TEXHIYHAa 3ajada —
BJIOCKOHAJICHHsSI TEXHOJIOTii “MiAIIapoBOro” TMOXKEXKOTACiHHA B pe3epByapax 3
Ha(TOIO Ta HATOMPOTYKTAMHU.

Kiaw4yoBi ciaoBa: TmiHOyTBOproBaY, “mijamapoBe” TaciHHA, TIOXKEXl B
pesepByapax, HAPTONMPOAYKTH, OCH3WH, IHU3EIbHE IMaJuBO, IHTIOITOp KOPO3ii,

AJIKLTIM1A030JI1H, alKiIiMIT0301iH M.
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ABSTRACT
Voitovych T.M. Improvement of the Subsurface Extinguishing Technology in
Tanks with Petroleum Products. — PhD dissertation manuscript.
Dissertation for obtaining a Doctor of Philosophy, majoring in 261 - Fire Safety.
Lviv State University of Life Safety, Lviv, 2020.

The dissertation offers a solution to an urgent scientific problem — an
improvement of the subsurface fire extinguishing technology in tanks with oil and
petroleum products.

Despite significant technology progress, including advances in the fire safety
field, extinguishing of oil and petroleum products tank fires remains one of the most
difficult ones. A subsurface method of tank fires fighting is the safest method for the
rescue workers, fire trucks, and firefighting equipment. Implementation of this
method requires the use of foam concentrate with fluorinated stabilizing agents, an
aqueous solution of which can spread and cover the surface of oil and petroleum
products with a thin film which reduces diffusion of combustible vapors. Until now,
the study of this method has been insufficient.

The dissertation outlines problems of the tank fires fighting as well as
particularities of tank fires extinguishing by supplying fluorosynthetic foam
concentrate under the layer of a combustible substance.

The following research methods were used in the dissertation: a combination of
analysis and generalization of technological advances in development and usage of

foam fire extinguishers; gravimetrical method to analyze the influence of corrosion



inhibitors on corrosive properties of foam concentrate solutions; one of
physicochemical methods — thermodynamic method; statistical data analysis;
methods of mathematical modeling for the purpose of theoretical estimation of the
movement parameters of submerged low expansion foam jets in a tank with motor
fuel that would be optimal for transporting foam through the fuel layer to its surface.

An experimental unit has been designed to simulate tank fires. Experimental
studies have been conducted to determine fire fighting efficiency of domestically
produced foam concentrates in subsurface tank fires fighting.

According to the outlined experiment schedule to determine optimal application
rate and pressure values in the subsurface general and special-purpose foam
solutions’ application system, it was necessary to conduct at least four experiments to
obtain the results.

The duration of petroleum products’ fire fighting was calculated. Also, the
application rate of foam solutions of general and special-purpose foam concentrates
was experimentally determined, both for gasoline fire extinguishing (0.1 I/m*s™) and
for diesel fuel (0.08 I/m*-s™).

A correspondence of the application rate to regulatory values has been analyzed.
The analysis has shown that existing domestic regulatory documents require changes
in application rate requirements for the foam solutions during the subsurface fighting
fires in tanks with oil and petroleum products.

It was determined experimentally that a higher application rate was required
when using general-purpose foam concentrate for the subsurface extinguishing of
gasoline and diesel fuel fires compared to situations when fluorosynthetic foam
concentrate is used (not less than 0,135 I/m*s™). The reason is that special-purpose
foam concentrates contain a fluorocarbon ingredient which blocks the reaction of
foam to carbohydrate substances and deactivates the ability of the foam to form a
film that spreads over the fuel surface and significantly reduces the rate of fuel
evaporation.

During fighting real fires in vertical steel tanks with oil and petroleum products,

the use of general-purpose foam concentrate for applying foam directly into the fuel



layer is impossible, as being contained in a tank with a significant height, this type of
foam concentrate decomposes when exposed to hydrocarbons.

It was determined that the destruction time of a general-purpose foam
concentrate-based foam after the subsurface extinguishing of gasoline was up to
6 minutes and for film-forming foam concentrate-based foam — more than 12
minutes.

As a part of the research, an experimental unit for calculation of the raising
speed of low expansion foam in a combustible substance was created. It was
necessary as the speed of fire extinguishing in vertical steel tanks directly depended
on this value. It was determined that there was a linear correlation between the low
expansion foam’s raising speed and the pressure in the system. The higher the supply
pressure, the higher is foam’s raising speed.

A calculation method of the subsurface extinguishing of oil and petroleum
products tank fires with low expansion foam was described.

A mathematical model of the movement of a submerged non-free foam jet in a
petroleum products medium was developed. This model adequately describes the real
physical processes that occur during subsurface fire fighting in vertical steel tanks.

The movement parameters of submerged low expansion foam jets in a tank with
motor fuel were determined as those that would be optimal for transporting foam
through the fuel layer to its surface. It was specified that the movement of the
submerged foam spray is characterized by a significant attenuation from 36 to 1.5 m/s
of the initial velocity with its subsequent increase due to the Archimedes’ principle.

High values of the initial speed of the foam jet lead to the destruction of the
foam and, accordingly, slow down fire fighting: an increase in initial speed of the
foam jet from 10 to 18 m/s leads to the destruction of 50% of the foam. A decrease in
the initial speed of the foam jet at a given supply strength should be carried out by
increasing the corresponding number of foam jets with an initial speed in the range
from 2 to 3 m/s.

It was determined that turbulent energy of the submerged foam jet is the main
reason of the foam destruction. Dependency of the maximum turbulence energy

values of the foam jets is approximately 10 (9.88), and the dependency of the



corresponding values of the foam thickness on the surface of petroleum product in a
tank approximately equals 3 (2.57). This means that there is non-linear correlation
between the turbulence energy of the foam jet and the foam destruction in it.

Foam jets should be applied in a circumferential direction at which their mutual
influence would be preserved, and the speed of the combined foam spray should not
exceed the maximum values recommended for a particular oil product (3 or 6 m/s). It
helps to improve the stability of the combined foam spray, to decrease the destruction
of the foam during its movement, and to prevent the movement of the fuel to the
combustion surface. The decisions made upon the implementation of the
mathematical model are fully consistent with the results obtained during the
experimental tests on extinguishing a class B model fire in a designed unit that
represents a scaled-down version of the RVS-5000 tank.

The results of an experimental study of the influence of corrosion inhibitors
alkilimidazoline and alkilimidazoline M on corrosive properties of general and
special-purpose foam concentrate solutions are presented. A technique to determine
the effectiveness of these corrosion inhibitors is described.

It was found that the corrosion rate of metal plates that were kept in solutions
with alkylimidazoline and alkylimidazoline M was significantly lower compared to
the one without an inhibitor. Depending on the foam concentrate type,
alkylimidazoline reduces the corrosion rate by 1.86-3.5 times, and alkylimidazoline
M — by 5-18.2 times.

Also, according to the test results, it was found that the corrosive activity of
foam concentrate solutions was higher at changing temperatures than at room
temperature.

It was determined that addition of alkylimidazoline M reduced the corrosion rate
by 1.4-1.7 times. These results were obtained by adding the corrosion inhibitor to the
foam concentrates “Bars S-1” and “Pirena”, which were enclosed in hermetically
sealed extinguisher cylinders for 30 days. The research results can be used for the
development of foam fire extinguishers, and the usage of fixed foam fire fighting
units.

Calculation methodology of the main parameters of the subsurface extinguishing



system of fires in oil and petroleum products tanks, in particular, a calculation
method for requirements and resources needed for subsurface application of foam
solutions was offered.

Examples of calculations for the RVS-10000 tank were provided. These
calculations have been conducted based on both the proposed methodology and
methods outlined in domestic regulatory documents.

It was found that foam compound supply in cases when the offered subsurface
fire fighting methodology was used, was equal 15.15 m3, which is two times bigger
than in case of surface fire fighting using HPS-600.

Technical parameters of the subsurface extinguishing system of fires in oil and
petroleum products tanks for various types of tanks, duration of extinguishing and
fuels have been calculated.

The scientific novelty of obtained results consists in detailed analysis and
description of particularities of the subsurface fire fighting of fires in tanks with oil
and petroleum products with the help of domestic foam agents.

For the first time regulatory values of the general and special-purpose domestic
foam concentrates’ application rate used for subsurface fire fighting of oil and
petroleum were experimentally determined.

Also, with the help of SolidWorks Flow Simulations program a simulation of
the movement of a submerged non-free foam jet in a petroleum products medium was
developed. Moreover, this simulation adequately describes the real physical processes
that occur during the fire fighting process.

The influence of corrosion inhibitors alkilimidazoline and alkilimidazoline M on
corrosive properties of general and special-purpose foam concentrate solutions were
presented for the first time.

This work has also proved that diesel fuel that was left after fire fighting process
with film-forming foam concentrate-based foam, can still be used as intended. This
conclusion was made based on analysis of the following quality characteristics of the
fuel: cetane index, density, flash point, and fractional composition.

The dissertation provides grounds for changes in existing domestic regulatory

documents related to application rate requirements for the foam solutions.



Thus, the important and urgent scientific problem of improving the subsurface
fire fighting technology in tanks with oil and petroleum products was resolved.

Key words: foam concentrate, subsurface fire fighting, tank fires, petroleum
products, gasoline, diesel fuel, corrosion inhibitor, alkilimidazoline,

alkilimidazoline M.
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