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COMPUTER SIMULATION OF FIRE TEST PARAMETERS
FACADE HEAT INSULATING SYSTEM FOR FIRE SPREAD
IN FIRE DYNAMICS SIMULATOR (FDS)

Abstract. This paper considers issues related to fire hazard of constructions of external walls fit with fagade
heat insulation and finished with rendering which is dependent on constructive solution of the heat insulating system
and type of heat insulating material. Appropriate works aimed at use of “Fire Dynamics Simulator” (FDS) software
for the computer simulation of fire spread across fagade system surfaces and comparison of experimental and
calculated data were analyzed.

A number of full-scale fire tests were conducted of the external wall constructions fit with fagade heat
insulation and finished with rendering for fire spread while using 150 mm wide slabs fabricated of expanded
polystyrene of “PSB-S-25” type as heat insulating material. Computer simulation of fire dynamics using FDS
numeric tool was implemented and results obtained were compared with experimental data in order to check
possibility of use of appropriate software for the reproduction of real conditions of fires at dwelling houses.

Key words: expanded polystyrene, heat insulation, fagade heat insulating system, construction fit with fagade
heat insulation and finished with rendering, standard temperature/time curve, external fire, computer simulation, fire
spread across fagade, FDS, PyroSim.

Introduction. Arrangement of constructions of external walls fit with fagade heat insulation and
finished with rendering is rather a widespread measure not only at our state but abroad as well. Work
purposed at heat insulation can be performed during new construction as well as while conducting
reconstruction or general overhaul of existing buildings. State-of-the art heat insulating materials have
wide range of application and heat insulation of roofs, external, internal and basement walls as well as that
of ceilings and floors are performed using them. One ofthe most common uses of heat insulating materials
is heat insulation of fagades of the buildings and, hence, issues related to their fire hazard require
appropriate attention and studying in order to lower risk of fire occurrence and its negative consequences.
Examples of fires accompanied with fire spread across fagade systems ofthe buildings denote their special
fire hazard [1]. This hazard is related directly with constructional specific features ofthe specific building,
type of heat insulating material used and parameters of the fire itself [2]. The most frequent cause of
ignition of constructions of external walls fit with fagade heat insulation and finished with rendering is
spread of fire from the window opening due to intensive fire inside the room. Convection heat flows are
able to ignite combustible finishing of external walls under these conditions. A number of factors
influences process of fire spread across fagade systems. The following ones can be specified amongst
them: external conditions (heat flows coming from the window opening, temperature regimes of burning
of the heat insulating material), fire hazard indices of the heat insulating material (ignition temperature,
fire spread velocity across the material, self-ignition temperature etc.), and architectural and space-and-
planning characteristics ofthe building.
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Problem definition. Based on the results of analyzing thermal and physical characteristics of heat
insulating materials we can affirm that not all of them meet fire safety requirements. In particular,
expanded polystyrene demanded in the construction sphere at present has significant drawbacks related to
fire hazard indices: it is a combustible material, a number of toxic substances are evolved from it during
fire and, moreover, it increases a great deal fire hazard of buildings fit with facade heat insulation [3].
Burning of polymers is complicated physical and chemical phenomenon; it includes processes of heat and
mass transfer, chemical kinetics of reactions taking place both in condensed and gas phases as well as a
number of other factors. Wide assortment of polymer materials characterized by their chemical
composition and structure, availability of a number of components within them, and their combination
with other construction materials and wide application in the construction sphere make for special
conditions of occurrence, development and extinguishing of fires involving facades ofthe buildings [4].

Constructions of external walls fit with facade heat insulation and finished with rendering using heat
insulating materials and finishing layer belonging to “non-combustible” combustibility group can be used
for buildings and constructions of 47 m conditional height without any limitations [5]. Adherence to fire
safety requirements standardized for external envelopes is met in full in such the facade systems and fire
spread across the surface has virtually no place. Fire occurrence and development can take place as result
of violation of fire safety requirements while arranging facade systems using some layer of combustible
heat insulation and finishing layer composed of some combustible materials because of non-adherence to
or otherwise violation ofthe general rules of arrangement and use of buildings with facade heat insulating
systems of external walls.

Hence, issues related to ensuring fire safety of constructions of external walls fit with facade heat
insulation and finished with rendering as well as development of organizational and technical measures
aimed at increasing fire safety of such objects gain significant actuality.

Analysis of the recent studies and publications. A number of domestic and foreign researches were
engaged in studying issues of fire safety of facade systems. It becomes rather widespread recently not only
to conduct full-scale tests of facade systems for fire spread as specified by appropriate international
standards but to use Fire Dynamics Simulator (FDS) [6] special software for the computer simulation [7,8]
of fire spread across the surfaces of heat insulating and finishing systems and to compare experimental and
calculated data [9-19].

Paper [9] contains description of the results of a number of studies derived using FDS software (Fire
Dynamics Simulator, version 4.0) being compared with experimental data. Purpose of the work was
check-up of FDS software capabilities for the simulation of flame spread as well as determination of
optimum values of the combustible load material for the engineers’ use of FDS. Experimental studies
included both conduction oftests as specified in [10] and full-scale tests for fire spread according to [11].

R.Jansson and J.Anderson in their papers [12, 13] studied fire resistance of facade constructions by
experimental and computational methods. The test installation simulated three-floor building fit with
external heat insulating and finishing system. Numeric model was created in FDS CFD software with
similar geometry and instruments. The authors managed to reproduce in due manner real test conditions in
their model, but temperatures nearby the fire source could not be have been taken into account duly.

Authors of papers [14,15] compare results of full-scale fire tests of facade systems conducted as
specified by Swedish (SP Fire 105) and British (BS 8414-1) methods. Results of experimental studies and
computer simulation represented by them take into account some variations of fire impact, fire load and
type of fuel. CFD (Computational Fluid Dynamics) simulation in FDS allowed reproduction of the
temperature values determined experimentally both qualitatively and quantitatively.

Test of facade system was conducted in [16] as specified by the method demanded by French
technical specification (IT 249) for labour safety regulations. It is aimed at limitation of fire risks of fire
spread across facades to the upper levels. Simulation of fire dynamics was conducted using FDS for the
two full-scale experiments having been performed by “Efectis France” testing laboratory. Principal
purpose of the mentioned study was estimation of the ability of the computational model to reproduce
quantitative results of measuring gas temperatures and heat release rate at test facade for further evaluation
of characteristics of fire impact upon the facade. Satisfactory results for temperature and heat release rate
(HRR) were derived when comparing experimental data with those obtained by numeric calculations.
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In papers [17-19] the authors studied experimentally impact of horizontal separating elements
installed at various heights between exposed openings at the building fagade upon external fire spread and
compared derived data using Fire Dynamics Simulator (FDS) numeric tool. Numeric study was
subdivided into that for validation and comparative analysis. Validation study was conducted for the
estimation of FDS as instrument used for the calculation in order to simulate external fire spread; it was
fulfilled using experimental data for large-scale fire test having been conducted using SP FIRE 105 test
bench in the town of Buros (Sweden). SP FIRE 105 test bench is used for fagade systems testing which
simulates impact of fire involving ground floor of a three-floor dwelling house upon the upper fagade.
Conclusion was made that FDC version 6.2.0 could reproduce experimental results with high degree of
detailing.

Principal purpose ofthis work was determination of the parameters of fire test of the construction of
external wall fit with fagade heat insulation and finished with rendering for fire spread using computer
simulation, reproduction of the conditions of fire tests in due manner and check-up of the model
developed by comparison of the derived data and results of the experimental studies.

Methods. Tests for fire spread were conducted on an external wall construction fit with fagade heat
insulation and finished with rendering using slabs fabricated from expanded polystyrene as heat insulating
material.

The tests were conducted as specified by [20]. Essence ofthe test method lied in the determination of
the sizes of the damaged section of the fagade heat insulating system and temperature rise inside the heat
insulating and finishing system having been applied to a fragment of two-floor building (figure 2) of 5.6 m
total height at ground floor of which (fire chamber) temperature-time curve was being created close to
standard temperature/time curve standardized by [21].

Type K thermocouples with 1.5 mm wires were used for measuring temperature inside the fire
chamber; these ones were suitable for measuring temperature in the range of 0 °C to 1300 °C.
Temperature inside the fire chamber was measured at least at nine point. Measuring junctions of the
thermocouples were installed 190 mm to 210 mm from the surfaces of the walls. Layout of the
thermocouples (T1 to T8) positioning in the fire chamber is shown on figure 1.

Figure 1- Layout of the thermocouples positioning within the fire chamber:
1- symmetry axis of the fire chamber; 2 - crib fabricated from wood bars; 3 - window opening;
T1to T5 - thermocouples located at a distance of 200 mm from the ceiling surface;
T6 and T7 are thermocouples located at a distance of 850 mm from the ceiling surface;
T8 and T9 are thermocouples located at a distance of 1,500 mm from the ceiling surface [20]
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Numeric simulation ofthe fire development and spread dynamics across the surface of heat insulating
and finishing system was implemented using PyroSim instrument which is widely used software for fast
and accurate operation of Fire Dynamics Simulator (FDS). PyroSim is graphical interface to FDS and it
allows quick and convenient creation, editing and analyzing of complicated fire development models. Fire
Dynamics Simulator (FDS) package of software was developed for the simulation of the processes of
ignition and spread of fire [22,23]. The algorithms laid in its base are grounded upon physical laws of
hydro dynamics and heat transfer. Smokeview software [24] was used for the two- and three-dimensional
visualization ofthe fire dynamics simulation.

Fire Dynamics Simulator (FDS) realizes computational fluid dynamics model (CFD) of heat and
mass transfer during combustion. Heat release rate is being calculated by finite elements method within
three-dimensional mesh (simulation area). This software helps to reproduce real fire conditions in
dwelling and commercial premises. Principal FDS purpose is solution of applied tasks in the sphere of fire
safety and provision of the instrument necessary for the studying of fundamental processes during
combustion.

Results. Measuring and recording of the temperature inside the building fragment was conducted at
intervals not exceeding 1min. Supervision of the test specimen was conducted as well and chronological
description of its changes was compiled specifying, in particular, deformations, crippling, flame
occurrence, cracks, smoke, softening, melting, materials charring and so on.

Figure 2 shows photos ofthe building fragments during the full-scale test at various moments.

a b c d

Figure 2 - Appearance of the building fragment at the time of testing at the following moments from the commencement:
a- 5min; b- 20 min.; ¢ - 30 min; d - upon removal of finishing and protective layer of facade heat insulation

Visual examination ofthe specimen was conducted following the test and dimensions ofthe damaged
sections were determined which appeared within the specimen as result of fire impact. We considered
damage to be charring and burning-out of the facade heat insulation materials as well as their melting. In
order to determine sizes of the damaged sections of the internal heat insulation layer we removed external
finishing and protective layer and made photographic survey of the specimen before and following the
opening (figure 2 d).

Discussion. Maximum temperature rise values at the reference points within the heat insulating
material (expanded poly styrene) layer compared with initial temperature at these points were 347 °C
(T34) at 2.7 m height, 215 °C (T37) at 3.5 m height, 186 °C (T40) at 4.3 m height and 84 °C (T43) at
5.1 m height.

Dependency of the heat output of fire on time and appearance of the building fragment during
computer simulation at various moments oftime are shown on figure 3.

It was determined as result of computer simulation that maximum heat output of fire is reached at
approximately 1,200 s (20 minutes) point of time and it is equal to 4600 kW. Local temperature values
corresponding to maximum heat output reach 660 °C to 960 °C. Average temperature value within the
burning area (fire chamber) at 20thminute equals to 760 °C to 780 °C.
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Figure 3- Heat release rate versus time plot

We fulfilled prognostication of dynamics of development and spread of dangerous factors of fire
(smoke, heat, carbon monoxide etc.) using computer simulation; moreover, we derived numeric values
and graphic representations of temperature of combustion products and heat release rate, temperature
distribution within the fire chamber, inside the facade heat insulation system as well as at its surface
(figure 4), and heat release rate (figure 3). Derived results of computer simulation of the dynamics of fire
development and spread across the surface of the heat insulating and finishing system conform rather well
with the results derived by foreign authors.

a b c

Figure 4 - Temperature distribution on the surface ofthe building wall at the time
of simulation at the following moments fromthe commencement: a- 5min.; b - 20 min.; ¢- 30 min

Results of FDS simulation are used for numeric evaluation of the temperature values within the fire
chamber, inside and nearby the surface of the construction of the facade heat insulation and their
comparison with the data derived empirically (figures 5-7).
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Conclusion. 1 Using computer simulation of the fire test parameters of the system of facade heat
insulation for fire spread in FDS environment numeric and graphic performance were derived which
characterize processes of occurrence, spread and development of fire across the surface of the system of
facade heat insulation of a building. Simulation results derived allowed reproduction in due manner real
conditions of testing, and when comparing experimental data and numeric calculations satisfactory results
were obtained.

2. It was revealed as result of full-scale fire tests of a construction of external wall fit with facade heat
insulation and finished with rendering and heat insulating material fabricated from expanded poly styrene
slabs for fire spread that fire spread across the surface of the facade heat insulation did not take place
beyond the boundaries of its direct contacting with flame generated inside the fire chamber.

3. Maximum values of temperature rise at the reference points within the heat insulating material
layer (expanded poly styrene) compared with initial temperatures in these points are 347 °C (T34) at 2.7 m
height, 215 °C (T37) at 3.5 m height, 186 °C (T40) at 4.3 m height, and 84 °C (T43) at 5.1 m height; these
values do not exceed boundary one.

4. Results of the numeric simulation of fire test parameters of facade heat insulating system for fire
spread in the FDS environment showed that general deviation within the theoretical calculations was not
higher than that derived as result of the experimental researches. General temperature values within the
fire chamber derived experimentally and numerically were different by 12 % to 16 %, value of the
temperature in the window opening was underestimated by 16 % to 24 %, and temperature nearby the
surface of the heat insulating and finishing system within the model was both overestimated by 22 %
(T16 and T20) and underestimated by 18 % (T17, T21 and T19). Temperature values inside the facade
heat insulating system did not exceed experimental data and deviation of average temperature values was
equal to 16 %.
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PomaH AkoBuykl AHgpeit Kysbikl, Tapac Ckopobaratbko2,
Cepreit EmenbsiHeHko1, AnekcaHap Bopuc2, AnekcaHgp [o6pocTaH?2

1NbBOB MeMJIEKETNK TipLWiNiK Kay W a3aT YHUBepCcUTeTI, J1bBOB, YKpauHa;
2Y KpanHa a3aMatTblL, KOPraHbIC rbifibIMU-3epTTeY MHCTUTYTLI, Knes, YKpanHa

BPT AUHAMUNKACHI CUMYTATOPbIHAA (FIRE DYNAMICS SIMULATOR (FDS)
OT TAPATY YLWIH UACBETTL XblN1Y OULWAYNATbIW XYUWECLLLL, OTThbI
CbIHAY MNMAPAMETPJIEP1IH KOMTIMbKOTEPN1K MOAENBAEY

PomaH AkoBuykl AHgpeit Ky3sbikl, Tapac Ckopobaratbko2,
Cepreit EmenbsiHeHkol, AnekcaHap Bopuc2, AnekcaHgp JobpocTaH?2

1NbBOBCKUIA rOCYAAPCTBEHHBIN YHUBEPCUTET GE30MACHOCTU XXM3HEAENTeNbHOCTY, JTbBOB, YKpanHa;
2Y KPaMHCKWIA Hay4HO-MCCNe0BaTeNbCKUIA UHCTUTYT paKAaHCKol 3almThl, Knes, YkpanHa

KOMIbIOTEPHOE MOAE/NIMPOBAHWE NMAPAMETPOB OFHEBOIO NCIMbITAHWNA
CNCTEMbI ®ACAOAHOU TEMTOU3ONALNN HA PACIMTPOCTPAHEHWE OIMHA
B FIRE DYNAMICS SIMULATOR (FDS)

AHHoTauua. OcobeHHOCTb MOXapHO 0MacHOCTU TEMI0U30NALMOHHO-0TAENOUHBIX CUCTEM (hacafoB 3LaHWiA,
rge B KayecTBe Tennou3onsLMOHHOrO Martepuana WUCMosb3yeTcs MeHOMOMMCTMPON, 3aK/HYaeTCs B BO3MOXHOCTM
pacnpocTpaHeHUst OTHA Ha Bbllle U HWKE PacroNOXeHHble 3TaXM 3haHus. Bo Bpems noxapa npoucxXoguTt
paspyLleHue cnos AeKOpaTMBHO-3aLMTHON OTAENKM W BO3ropaHWs OOMbLUOK NAOW@AM FOpHYero yTenauTens
o6ycnasnmBaeT 06pa3oBaHMe BbICOKMX TEMMEPATYp ¥ 3HAUUTENbHOTO 3a4bIMIEHNS.

Yrposa pacnpocTpaHeHUs noxxapa No TenjoM30MALMOHHO-0TAEN0UHOM cucTeMe 00YCNoBNAEeHa He TOMbKO
MOXapHOli OMacHOCTbID MaTepuana, KOTOpblii B Hell UCMONb3YETCs, HO 3aBUCUT Takke U OT KOHCTPYKTUBHbIX
0COBEHHOCTEN KOHKPETHOrO 34aHns 1 NapamMeTpoB Camoro noXxapa. YacTbiMM MpuuMHaMy BO3ropaHus Temnsnouso-
NALMOHHO-OTAENOUHbIX CUCTEM HapY>HbIX CTEH ABNSETCA ONPOKMAbIBAHUSA OTHS M3 OKOHHOrO Npoema 34aHus B
pesynbTaTe MHTEHCUBHOW NoXKapa B MOMELLEHWN. B TaknX yCOBUAX KOHBEKTUBHbIE NOTOKM TeMaa CNoCOBHbI 3aHATb
roproye 06/IMLOBKN HapyXHbIX CTeH.

Ha npouecc pacrnpocTpaHeHWsi OrHa acafHbiMU CUCTEMaMK BMAET paf (hakTopoB. Cpeay HUX MOXKHO
BbIAENNTb CrIefytoLLMe: BHELLHWE YCNOBUS (TEMNN0Bble MOTOKWM U3 OKOHHOIO MpoeMa, TeMNepaTypHble PeXMMbl rope-
HUA TENIOM30M1ALMOHHOIO MaTeprasa) NOXapHO-TEXHNYECKME XapaKTepUCTMKM MaTepuana Teniounsonauum (Temne-
paTypa BOCM/JaMeHeHWs, CKOPOCTb PacnpoCTPaHeHMA OrHA Mo Matepuasy, TeMrnepaTypa camoBOCM/IaMEHEHUS U [p.)
apXUTEKTYPHbIE 1 06BEMHO-MNAHVUPOBOYHbIE XapaKTEPUCTUKM 34aHUS.

B faHHOI paboTe pacCMOTPEeHbl NPO6/EMbI, CBA3aHHbIE C MOXAPHOW OMAacHOCTBbHO KOHCTPYKLUIA Hapy>XHbIX
CTeH C (hacafHOW TennomsonAuMM C OTAENKON LUTYKATYpPKOWA, KOTOpPas 3aBUCUT OT KOHCTPYKTMBHOTO peLleHums
CUCTEMbI TENIoM30MIALUMA U BUAA TEMIOM30MALMOHHO MaTepuana. MpoaHann3MpoBaHbl paboTbl, Hanpas/ieHHble Ha
1CNob30BaHMe NporpammHoro obecneyeHus Fire Dynamics Simulator (FDS) gns KOMMbIOTEPHOTO MOAENMPOBAHNS
pacnpocTpaHeHUst OrHs MOBEPXHOCTbIO (hacafHbIX CUCTEM 1 CPaBHEHWS IKCMEPUMEHTAIbHBIX U YAC/IEHHBIX JaHHbIX.

MpoBeseHbl HaTYpHbIE OTHEBbIE UCTIbITAHUA KOHCTPYKLMW HapYXXHOW CTeHbl C hacafHol Tennonsonsaumeli ¢
OTAE/NKON LUTYKATYPKOIM Ha pacrpoCcTpaHeHWe OrHs, rie B KaYecTBe TemnaoM30NALMOHHOIro MaTepuana ncnosb3osam
neHononucTnpon mapkn «MNCB-C-25», cpeaHein TonwmHoin 150 mm. WccnemoBaHueM nofnexana CKpenneHHas
(hacagHaa Tennousonaunsa ¢ OTLENKOW LUTYKaTypKOi W yTenauTenem n3 neHononUCTUPObHbIX MAnT. CyLHOCTb
METO/a MCNbITaHWIA 3aKNioYanach B OMNpeaesieHn pasmMepoB MOBPEXAEHNS TeN0U30NALMOHHO-0TAEN0HHON CrcTe-
Mbl W 3HAYeHWe MOBbILLEHNA TeMNepaTypbl BHYTPU TEMI0U30NALNOHHO-OTAENOUHOW CMCTEMbI, HaHECeHHas Ha
(hparMeHT ABYX3TXHOro foMa 06LLeii BbIcOTOM 5,6 M, HAa NEPBOM 3TaXKe KOTOPOro co3daBaiv B TedeHne 30 MUHYT
TeMnepaTtypHbIli peXxxuM, 65M3Kuii K CTaHLAPTHOMY TEMMNEPATYPHOro pexxuma.

UncneHHoe MOAENMPOBaHWE AWHAMUKW PasBUTUA M PACcMpPOCTPAHEHMS MOXapa MOBEPXHOCTbIO TENA0M30Ns-
LIMOHHO-0TAEN0YHON CUCTEMbI BbIMOHAMN C MOMOLLLID MHCTPYMeHTa PyroSim, KOTOpbI/i SBASETCS NOMYNsPHbIM
nporpamMMHbIM 0becrieveHneM 41 GbICTPOIA U TOUHO paboTkl ¢ Fire Dynamics Simulator (FDS). PyroSim asnsetcs
rpacuyeckum uHTepdeiicom ans FDS 1 no3sonset 6bICTPO 1 YA06HO co3aaBaTh, pefakTMpoBaTb 1 aHaM3MpoBaTb
CNOXHbIE MOAENM pa3BuTMs noxapa. MNakeT koMnbloTepHbIX nporpamMm FDS (Fire Dynamic Simulator) paspaboTaH
419 MOZENMPOBaHMA MPOLECCOB BOCMNAMEHEHUSA 1 PACMPOCTPAHEHMSA MOXAPOB. ANTOPUTMbI, KOTOPbIE BOLLAW B €ro
OCHOBY, OCHOBaHHble Ha (M3MYECKMX 3aKOHaX rMAPOLMHAMMKM U Tennonepedadn. [as TpexMepHOi 1 ABYXMePHOi
BU3Yyasm3auuy pesynbTaToB MOAENIMPOBaHMA QUHAMUKM NOXAPOB NPUMEHANM nporpamMmy Smokeview.
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OCHOBHOW LieNblo [aHHOr0 MCCNefoBaHMs Oblo MOAyYeHWe YMCNOBbIX MOKas3aTenei, XapakTepusyroLyx
MpoLecc BO3HWKHOBEHUS, PacnpoCTpaHeHNs N Pa3BUTUSA MoXapa Teniou3onsaLMoHHO-0TAEN0HHON CUCTEMbI BHELL -
Hell cTeHe goma. [NonyuyeHHble pesynbTaTbl KOMMbIOTEPHOTO MOZENMPOBAHUA MO3BOAWAM BOCCO3L4AaTb [O/MKHbLIM
06pa3oM peasibHble YCNOBUA WCMbITaHWA, a MPU CPaBHEHUM 3KCMepUMEHTa/IbHbIX LAHHBIX C MHOTMOYUC/EHHLIMM
pacyeTamu 6b1710 NONYYEHO YAOBNETBOPUTENbHBIE Pe3y/ibTaTbl TeMMepaTypbl U TENI0BOro NOTOKA.

B pe3ynbTaTe 4MCMEHHOrO MO[ENMPOBaHUA OblNO OMNPefesieHo, YTO MaKCUMMaibHas MOLLHOCTL MoXapa
focTuraetca Ha 1200-i1 cekyHge (20-1 MuHyTa) 1 cocTasnset 4,6 MBT. Mpyu MakCMaibHOM 3HAYEHUM MOLLHOCTM
BblAefieHNsa Tensa npu noxape fioKasibHble 3HauyeHus Temnepatypsl gocturaoT 660-960 °C. CpefHee 3HayeHue
TemMnepaTypa B 30He ropeHunsa (OrHeHHas kamepa) Ha 20-10 MUHYTY cocTasngeT 760-780 °C.

C nMoMOLLbH KOMMLIOTEPHOr0 MOZENMPOBaHNSA ObifI0 BbIMOSHEHO MPOrHO3MPOBAHWE AWHAMUKWM Pa3BUTUA U
pacrpocTpaHeHMs OMacHbIX (HaKTOPOB NoXkapa (AbiMa, TeMmnepaTypbl, YrapHOro rasa u T.M.), a TakXke MonyyeHo
MHOTOYMC/IEHHbIE W TpafUUeCcKMe 3HaYeHUs TeMmnepaTypbl MPOLYKTOB FOPeHWs U TEnj0BOro NnoToka, Temneparyp-
HOro pacnpeeneHns B OrHEBOI KaMmepe, BHYTPY 1 HA MOBEPXHOCTW CUCTEMbI (hacafHOW TenIoM30MALMM, MOLLHOCTY
BblgeneHus Tenna (HRR). MonyyeHHble pe3ynbTaTbl YACNEHHOTO MOAENMPOBaHNUSA AMHAMUKM Pa3BUTUSA U paccrpoc-
TpaHeHMa noXkapa MoBEPXHOCTbIO TEMNI0M30NALMOHHO-0TAENOYHON CUCTEMBI [OCTATOYHO XOPOLLO COrNacytoTes ¢
pesyfibTaTamm UCCef0BaHWii 3apybeXKHbIX aBTOPOB.

PesynbTaTbl FDS mMoOfenMpoBaHMa UCNOb30BA/INCH 41 YACNEHHON OLEHKW 3HaUYeHWi TeMMNepaTypbl B OrHEBON
Kamepe, BHYTPU 1y MOBEPXHOCTU KOHCTPYKLMM hacafHOl TeNNOM30MALUN 41 CPABHEHWS MX C LAHHbIMU, MONY-
YeHHbIMW IKCNEPUMEHTA/IbHBIM MyTEM.

KntoueBble cnoBa: NeHOMOMMCTMPON, TENIOU30NALMS, cucTeMa (hacafHON Tennousonauumn, KOHCTPYKUmMs ¢
(hacafHOIN Tennousonaumein ¢ OTAENKOW LTYKaTypKOW, CTaHAaPTHLIV TeMMepaTypHbIi PeXuM, noXxap, KoMMboTep-
Hoe MOJenMpoBaHue, pacnpocTpaHeHus nnameHn no gacany, FDS, PyroSim.
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