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1. PO3po6yIeHHS CUCTEMU MifMIAaPOBOTO MOKEKOTaCiHHS KOMITPECIMTHOIO MiHOO M1 CTaJI€BUX BEPTUKATbHUX
pesepByapiB

2. Development of a sub-surface fire suppression system using compressed air foam for steel vertical storage tanks

Pedepar:

1. Y pucepTauiiiHiii po60Ti BUpIlI€HO aKTyasbHy HAyKOBO-TIPAKTUYHY 3a[a4y y Tajy3i I0>KeKHOi 6e3neKu —
PO3p0O06JIEHO CUCTEMY MiJIIapOBOTO [10XKEXXOTaCiHHS /1J1sI CTajleBUX BEPTUKAJIbHUX pe3epByapiB i3 30epiraHHsIM
Ha(pTONPOAYKTIB (6€H3MH, AU3€eJbHE NaJIbHE) 32 IONIOMOT0I0 KOMIIPECiiiHOI NiHu. Pe3yabTaT JOCiIKEHb MOXKYTh
OyTy BUKOPHUCTaHI IIifi 4ac eKCITyaTalii CTallioHapPHUX CUCTEM MiJIapOBOTrO MiHHOTO IOKEKOTaCiHHS Y
pesepByapax i3 HadTonpoaykTamu (6eH31H, nu3esbHe najgpHe). MogesnoBanHs B SolidWorks Flow Simulations
IoKasaslo, o niHa KpartHicTio 10 3a6e3nedye WBUAMNI BUXif, Ha MOBepxHIO ropinHs (310-410 ¢) nopiBHSIHO 3 MiHOIO
KpaTHicTio 5 (482-598 ), ckopouyio4M 4yac raciHHs 10 5-7 XBUWJIKH Npu TUCKY 3-4 MIIa. Briepie o6IpyHTOBaHO Ta
€KCIIEPUMEHTAJIbHO MiATBEPIKEHO HA MAKETHUX MOKEXKAK MOKIIMBICTh BUKOPUCTaHHA KOMIIPECIMHOI MiHM 1714

nigmaposoro racinag PBC 3 nasbHUM 3 BUKOPUCTaHHSM [TIHOYTBOPIOBAYiB 3arajbHOrO NpU3HavYeHHs. Briepie



0BIrpyHTOBAaHO HEOOXiTHUI pe3epBHUI 06'eM pesepByapa He MeHIue 13% BHAC/IigOK pO3UIMPEHHS MaJbHOTO IIpU
HarpiBaHHi Iif, yac noxexi. Bnepie Bu3HaYeHa iHTEHCUBHICTh IOJABaHHS KOMIIPECINHOI MiHU NigmapoBUM
crioco6oM He meHue 0,08-0,09 51/cxm2. YIOoCKOHAZIEHO MaTEMATUYHY MOJIeJlb, I00Yy10BaHy B IIPOTPaMHOMY
cepenosumi SolidWorks Flow Simulations, npouecy nogaBaHHsg KOMIPECIMHOI IiHM pi3HOi KPATHOCTI MIJIIXOM
BU3HA4YEHHH ii TOBEAiHKU: IPOrpiBaHHS CTIHOK PE3EPBYyapy, 3MiHM TeMIIEpATypy Ha IIOBEPXHi FOPiHHA, IPOrPiBaHHA
OeH3MHYy Ha BUCOTi pe3epByapa, iHTEHCUBHICTb N0JlaBaHHsI MiHU. [lofanbuoro po3BUTKY Haby/Iu TeOPETUYHi Ta
IIPaKTHUYHi OCHOBY TraCiHHS pe3epByapiB MiJIapOBUM CIIOCOO0M, & CaMe KOMIIPECIIHOIO MiHOI0 Ta BCTAHOBJIEHO
3aJIEXKHICTb TaCiHHS NOXKEXi pe3epByapa BiJl KpaTHOCTI MMiHM Ta TUCKY NOJaBaHHs. [Tofansmoro po3BUTKy Habysa
BUIIpOOYBasIbHA YCTAHOBKA iMiTalii ropiHHS pe3epByapa [jisl DOCIiIKeHHs raciHHS MifIIapOBUM CIIOCOOOM [1JIsI
pi3HMX BOTHEracHux pedyoBruH. Hagano pekomenpanii nigposzginam JJCHC Ykpainu mon0 3aCTOCYyBaHHS CUCTEMU
IiAapoBOro NoKeKoraciHHg pesepsyapis 3 JI3P. TlogaHo 3asBKy Ha ep>KaBHY peecTpalilo BuHaxony «Crocib
IiIapOBOro raciHHs MOXeX y pe3epByapax 3 HAQTONPOAYKTAMU KOMIIPECIHOIO MiHOMI0».

2. The dissertation addresses a pressing scientific and practical issue in the field of fire safety by developing a sub-
layer fire suppression system for vertical steel tanks used for storing petroleum products (gasoline, diesel fuel)
using compressed air foam (CAF). The research results can be applied to the operation of stationary sub-layer foam
fire suppression systems in petroleum product tanks (gasoline, diesel fuel). Modeling in SolidWorks Flow
Simulations showed that foam with an expansion ratio of 10 achieves faster surface coverage (310-410 seconds)
compared to foam with an expansion ratio of 5 (482-598 seconds), reducing extinguishing time to 5-7 minutes at a
pressure of 3-4 MPa. For the first time, the feasibility of using CAF for sub-layer suppression in vertical steel tanks
with fuel, using general-purpose foam concentrates, was substantiated and experimentally validated in model fire
scenarios. The necessity of a minimum 13% reserve tank volume due to fuel expansion during heating in a fire was
also established for the first time. The minimum CAF delivery rate for sub-layer suppression was determined to be
0.08-0.09 L/s'm?. A mathematical model built in SolidWorks Flow Simulations was refined to describe the
behavior of CAF with varying expansion ratios, including tank wall heating, changes in fire surface temperature,
fuel heating throughout the tank height, and foam delivery intensity. Theoretical and practical foundations of sub-
layer tank fire suppression using CAF were further developed, establishing the relationship between fire
suppression effectiveness, foam expansion ratio, and delivery pressure. The test setup for simulating tank fires and
studying sub-layer suppression with various firefighting agents was also improved. Recommendations were
provided to State Emergency Service of Ukraine units regarding the application of sub-layer tank fire suppression
systems for flammable liquids. A patent application was submitted for the invention «Method of Sub-Layer Fire
Suppression in Petroleum Product Tanks Using Compressed Air Foam.»
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