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Pesymbratel mokaszamu, uro moxemu Gradient
Boosting 1 Random Forest mocturator BEICOKO# TOU-
HOCTH TIPH TPOTHO3WPOBaHUH Kod(pdumueHToB Cq U
Cnm, ¢ MakcuManbHbIM R?=0.9211 u R?=0.9448 coort-
BeTcTBeHHO. MLP Taxke mpoaemMoHCTpupoBana cTa-
OusbHbIe pe3ynbrarhl: a1t Cq R?*=0.8853 mpu MLP ¢ 6
CKpbITBIMU cosiMu U 1iist Cy R?=0.8193 mpu MLP ¢ 2
ckpbIThIMU ciosiMu. Gradient Boosting nokaszaina cry-
MEHYaThI XapakTep mnpeackazaHuii, Torga kak MLP
obecrieuniia TIABHYIO alIPOKCHMAIUIO, YTO MOIIep-
KHBaeT Ba)KHOCTh BBIOOpPAa MOJIENH B 3aBHCUMOCTH OT
3aJ]a9d U CTPYKTYPHI JaHHBIX.

B uccinenoBanny npoBenéH CpaBHUTEIBHBIN aHa-
T3 TPATUIMOHHBIX M HEHPOCETEBBIX IOIXOJOB, BBI-
SIBUBIITMI X CHJIBHEIC U CITa0BIe CTOPOHEL. Pe3ybpTaThl
MOKA3bIBAIOT, YTO MOJENTH KaXIOro THUIa 00IagaroT
YHUKQJIbHBIMH TPEUMYILECTBAMH M OTPaHHMYCHHUSIMHU,
YTO yKa3blBaeT Ha HEOOXOIMMOCTh IPUMEHEHHS KOM-
OMHHPOBAHHBIX TIO/IXO/IOB JUIA OOBEJMHEHMSI UX pe-
3yJIbTaTOB. DTO OTKPHIBAET HOBBIE BO3MOXKHOCTH LIS
MOBBILIEHHUS] TOYHOCTH MPOTHO30B BETPOBOT'O BO3JIEH-
CTBHS Ha BBICOTHBIE 3[JaHUS M PELICHUSI IPYTHX HHXKe-
HEpHBIX 33J]a4 B CTPOUTENLCTBE, 0COOCHHO IpH paboTte
C OTpaHUYCHHBIMH JaHHBIMH.
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Incmumym 0eparcagrozo ynpaguinia ma 00CuioNCceHb YUBLIbHO20 3AXUCTY

JOCJIIKEHHS TEMIIEPATYPHUX PEXXUMIB IIIT YAC ITOKEXK Y KABEJIBHUX TYHEJIAX

Abstract

The aim of this study is to determine the temperature regime of a fire in a cable tunnel depending on its shape,
size, and fire load. Mathematical models of cable tunnels were created in one of the CFD software packages.
Computational experiments were carried out and the temperature regimes of fires in tunnels with different
parameters were determined.

The temperature regimes of fires in cable tunnels with different sizes, aerodynamic parameters and fire loads
were determined, as well as the dependence of the fire temperature regime on these parameters. With 10 laid cable
lines and a fire load of 2000 MJ/m2 , the maximum temperature exceeded 1200 C, with 1 line and a fire load of
688 MJ/m2 - 500 C.

With the smallest cross-sectional area of the tunnel and reduced airflow velocities, the temperature inside
rises 50% faster than average. In addition, an excess of fresh air reduces the combustion temperature by 50-70°C,
although it also contributes to the faster spread of fire along the cable lines.

In this work, the use of computational experiments to study the processes of heat and mass transfer during
fires in cable tunnels was further developed.

Anomauin

Memoro npogedenns 0ocioxicenb 0aHOi pobOmU € BUSHAYEHHS MEMNePAMYPHO20 PEXCUMY NOdAiCeHCT Y Kabe-
JIHOMY MYHENl 3a1eHCHO 610 11020 opmu, pO3MIPI8 MA NONCENHCHO20 HABAHMANCEHHS. Y 00HOMY 3 NPOSPAMHUX
xkomnaexcie CFD Oyau cmeopeni mamemamuuni mooeni kabenvrux myrnenis. [Ipogederno obuucarosanvhi excnepu-
MeHmU ma 6U3HAYEHO MEMNEPAMYPHI PEHCUMU NOICENC Y MYHENAX 3 PISHUMU NAPAMEMPAMU.

byno eusnaueno memnepamypni pesicumu nooicedic y KaOeaibHuxX myHensx 3 pisHUMU po3mipamu, aepoouta-
MIYHUMU NOKAZHUKAMU MA NOACEHCHUM HABAHMAMNCEHHAM, A MAaKOMC 3AJIeIHCHICMb memnepamypHozco pexircumy
noaicedici 8i0 3asnauenux napamempis. Ilpu 10 npokiadenux KaberbHux HIHIAX MA NONCEHCHOM)Y HABAHMANCEHHT
2000 Moc/m? maxcumanvha memnepamypa nepeuwysana 1200 T, npu 1 ninii ma noscesicHomy Ha6anmajicenHi
688 M/Toic/m? — 500 C.

IIpu natimenwiu niowi nonepeunozo nepepizy myHeno ma 3MeHuerHi weuoKocmetl noGIMpsIHUX NOMOKI8
memnepamypa ecepeouti spocmac na 50 % weuowie, y nopigHanui 3 cepeonimu napamempamu. Kpim mozo, nao-
JUWOK C8IdIC020 nogimps 3uudicye memnepamypy 2opinna na 50-70 T, xou a i cnpuse weuowomy po3noscio-
ODICEHHIO NONCEICT 83006IC KAOCNbHUX JIHITL.

Y oaniti pobomi dicmano nodanbuio2o po3sUmKy 3acmocy8anHs 00HUUCTIO8AIbHUX eKCNEPUMEHMIE Oisl DOC-
JIOJICEHHS NPOYeCcie MenioMaco0OMiHy Ni0 YAC RONHCENC Y KADENbHUX MYHESX.

Keywords: mathematical model, electrical networks, excessive heating, cable, fire, temperature regime.
Knrouoegi cnosa: mamemamuuna mooenv, ereKmpuyHi mepesici, HaOMipHull Hazpie, Kabenb, nocexlca, mem-
nepamypHuil pesicum.

Problem statement. relevant issue, as cable tunnels differ in geometric
Cable products are constantly evolving and  configuration, type of cables laid in them, fire load and
improving. For fire resistance tests of cable tunnel  aerodynamic characteristics. This can lead to the fact
structures, a standard fire temperature is used, which  that the fire temperature conditions in such tunnels may
may not correspond to the fire conditions in areal cable  differ from the standard and from each other. In this
tunnel. case, it is impossible to guarantee that the fire resistance
The study of the fire temperature regime is a limits of the tested structures comply with the
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applicable standards. In this case, the safety of people
and material assets during fires in cable tunnels may be
significantly reduced.
Analysis of the latest research and publications.
In recent years, both experimental tests and
numerical modelling have become more widely used
[3-8]. In particular, these methods are used to study the
rc

parameters of fires in cable tunnels.

Ukrainian researchers often cite [3], which
proposes a temperature regime for fire in tunnels.
However, the dependence of temperature on fire load
and geometric dimensions of the tunnel is not taken into
account, and aerodynamic parameters are averaged.
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Figure 1. Fire temperature conditions: 1 - standard fire temperature regime [2]; 2 - fire regime in tunnels in
accordance with [3].

Paper [4] describes the process of building mathematical models of heat and mass transfer in cable tunnels.
Attention is focused on the construction of a grid for calculation, and an algorithm for creating such models is
proposed.

Paper [5] conducted field tests in a cable tunnel. A
fire was modelled with the initiation of combustion by
a flammable liquid and subsequent burning of cables.
This work provided data that could be used to verify
mathematical models.

In [6], the adequacy of mathematical models was
tested on the basis of experimental data from [5]. To
this end, the adequacy criteria (Student's T-test,
Cochran's Q-test, Fisher's F-test) and the relative error
of the calculated data from the experimental data were
calculated. The effectiveness of modelling thermal
processes for further studies of fire temperature
conditions in cable tunnels has been proven. According
to [7], the dispersion of temperatures during a fire
affects the fire resistance limit of building structures.
Paper [8] analyses the metrological support of field
experiments. This makes it possible to choose the right
measuring equipment.

The research carried out in this scientific article is
aimed at creating mathematical models of the cable
tunnel, in which computational experiments were
carried out. Computer modelling has been chosen as a
tool that has advantages over full-scale research in
terms of environmental friendliness, economy and
efficiency. By confirming the adequacy of the
computer modelling results with verification data [6], it
became possible to study the temperature regimes of
fires in cable tunnels of different sizes and with
different fire loads.

According to previous studies [3-8], the variety of
design features of cable tunnels, their fire load, gas
inflow and outflow, and other parameters causes
significant differences in fire temperature conditions.
In particular, modern insulation of cable products may

differ in fire performance from that studied by scientists
[3-8].

This paper investigates the temperature conditions
of fire in cable tunnels depending on the size,
aerodynamic characteristics and fire load.

Formulation of the purpose of the article. To
determine the temperature regime of a fire in cable
tunnels  with  different  sizes,  aerodynamic
characteristics and fire load, as well as the dependence
of the temperature regime of a fire on these parameters.
To do this, we will perform mathematical modelling of
heat and mass transfer during a fire in cable tunnels in
the FDS software package and analyse the results.

To achieve this goal, we need to solve the
following tasks:

- to develop mathematical (computer) models of
cable tunnels using CFD software systems and conduct
computational experiments to assess the temperature
conditions of fires in cable tunnels with different
parameters.

- to determine the temperature regimes of fires in
cable tunnels with different sizes, aerodynamic
parameters and fire load, as well as the dependence of
the temperature regime of the fire on these parameters.

- to analyse the results and outline the prospects
for further research.

Presentation of the main material.

To conduct the computational experiment, a
mathematical model of the cable tunnel is created. The
following sequence of calculation procedures is used:

1. Using a CAD program, a geometric
configuration of the cable tunnel of the required
dimensions is created. Inside, models of cables, steel
corners, a hole for the exit of combustion products and
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a place for air supply are created. The geometric model
is imported into the FDS calculation environment [4].

2. Initial modelling parameters that cannot be
changed during the calculation process are
entered:initial temperature of the medium, air pressure
on one side of the tunnel, required fire time (35

minutes) [5].

3. The combustion process is initiated in the
middle part of the tunnel directly on the cables.

4. After the calculation, the temperature and time
curves of the fire in the direct burning zone of the cable
tunnel and the temperature gradient are analysed.

A

Figure 2. Schematic of the location of temperature control points in the geometric cross-section of a cable
tunnel: 1 - cable line, T1 - T5 - temperature control points, a - geometric size parameter depending on the cross-
section of the tunnel.

To control the temperature regime, 45 temperature
control points were created using the FDS computer
system (Fig. 4). Temperature control points were
created according to the following principle:

1) in the plane of the cross-section of the
inflammation zone, 1 control site in the geometric

1

centre and 4 more sites in the geometric centres of the
formed quarters (Fig. 2).

2) 10 planes were created, 5 control points in each:
2 planes at a distance of 0.5 m from the fire centre in
different directions. Also at a distance of 2, 4, 6 m. The
general layout of the planes is shown in Fig. 3.

X, M -6 -4 -2

-05 05 2 4 6 X; M

Fig. 3. Diagram of the location of the planes in which the temperature monitoring points were placed along the
length of the cable tunnel: 1 - the plane in which 5 temperature control points are located in the manner shown
in Fig. 4, 2 - cable tunnel enclosure.

Beeme s

Figure 4. General view of the cable tunnel with temperature control points: TO1 - T40, T1 - T5 - control points.
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T )

Fig. 5. Schematic of the tunnel with geometric parameters that changed: 1 - model of cable Iinés; 2 - model of
ventilation and inspection hatches with area S, m2 ; X, Y, Z, L1 - distance between openings, m.

In accordance with the calculation scheme of the
mathematical model of the tunnel (Fig. 5), the
following parameters were varied in order to conduct a
full analysis of the parameters affecting the temperature
regime of the fire:

1. Fire load:

cable lines were modelled from two and one sides;

number of cable lines from 1 to 10;

the insulation material of cables and wire cores
changed. This changes the amount of heat energy
released from 1 m of2 cable.

2. Aerodynamic parameters:

The area of the openings of the ventilation and
inspection hatches "S" varied from 0.3 to 0.5 m?;

distance between the holes L;

TITTIT IIT I 11 71T TITTITIL T
> Sed s

location of cable lines;

3. Geometric parameters of the cable tunnel:

was varied as a cross-sectional area using a
combination of Y and Z parameters;

the location of the fire;

parameter X depending on the location of the fire
centre.

The next stage was to create a mesh cable tunnel.
The method of control volumes used in the software
package has certain peculiarities. There is a directly
proportional relationship between the calculation
accuracy and the number of calculation cells, and an
inversely proportional relationship

— T
Ao e b
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Fig. 6. Grid model of the cable tunnel space: a - y-view of the XY plane; b - XZ view; ¢ - YZ view.

between the number of cells and the time it takes
to perform the calculation.

Therefore, you need to strike a balance between
the required calculation accuracy and the time required
to perform the calculation.

To account for the presence of cable lines, the size
of the computational grid is selected so that the cell
surface coincides with the surface of the cable line
model. In this way, both convective and radiant heat
transfer between the combustion area and the solid
surfaces of the cables are taken into account most
accurately (Fig. 6).

B

To take into account the heterogeneity of the
material from which the cable lines are made, as well
as the conditions of conductive heat transfer (heat
conduction in a solid material), the cable lines are
specified as a multi-component material. Polyvinyl
chloride for wire insulation and copper for cable
manufacturing are combined. In addition, it is taken
into account that the insulation material burns out. This
parameter is specified through the bulk density and
linear burnout rate. The thermophysical characteristics
of the materials and the conditions of convection and
radiation heat transfer are shown in Table 1.
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Table 1.
Thermal characteristics of materials and conditions of convection and radiation heat transfer
Characteristics Units of measurement Value [3]
Thermal and physical characteristics of the insulation material (polyvinyl chloride)
Thermal conductivity coefficient W/(m K) 0,159
Specific heat capacity JI(kgl1 K) 1320
Density kg/m® 1400
Degree of blackness - 0,85
Thermal characteristics of the wire material (copper)
Thermal conductivity coefficient W/(m K) 390
Specific heat capacity JI(kg[1 K) 420
Density kg/m® 8900
Degree of blackness - 0,7
General values
Stefan Boltzmann's steel ‘ W/(m2 K ) 5.670 108

In order to determine the most significant
parameters of the cable tunnel on which the
temperature regime of the fire depends and the limits of
their variations, a number of computational

experiments were carried out to determine to what
extent a certain parameter (geometric dimensions, fire
load, etc.) affects the temperature regime of the fire in
the cable tunnel. To determine the significance of a
particular parameter, a mathematical modelling of the
fire was first performed at average parameters, and then
the parameter was increased and decreased to extreme
values. After obtaining 2 new samples and comparing
them with the first one, the relative deviation of the
temperature-time curves of the fire regime in the cable

T.°C
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e

.
0 = o /
500 , ._.4-

T
| |
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s TN '.x "o
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tunnel was calculated. Each computational experiment,
for convenience, is denoted by a Roman numeral and
has its own name. Symbols for tunnel elements in
computer models: L - distance between holes for
combustion products outlet, m; Y - tunnel width, m; Z
- tunnel height, m; Q - fire load of one cable line, MJ/m?
: N - number of cable lines; n - number of ventilation
and inspection hatches; S - area of ventilation and
inspection hatches, m?.

I.  Basic computational experiment on
mathematical modelling of a fire with average
parameters: L=10m; Y =2m; Z=2.15m; Q = 1380
MJ/m?;N=5;n=2;S=0.3m?.

- _:—._.___‘_}_h‘ _

3 L] ¥ 9 1 13 15

7 19 N Bm s X OB® N o min

Fig. 9. Temperature regimes of the fire in the mathematical model of the cable tunnel with the parameters
specified in Table 3: 1 - average temperature in the plane of the fire centre; 2 - average temperature in the plane
"-0.5 m" from the fire centre; 3 - average temperature in the plane "+0.5 m" from the fire centre; 4 - average
temperature between graphs 1-3.

I1. The impact of fire load.
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Parameters of the cable tunnel used in the "maximum fire load" experiment: L = 10 m; Y = Fig. 10.
Temperature regimes of the fire in the mathematical model of the cable tunnel with the parameters specified in
Table 4: 1 — average temperature in the plane of the fire centre; 2 - average temperature in the plane *-0.5 m"
from the fire centre; 3 - average temperature in the plane "+0.5 m" from the fire centre; 4 - average temperature

between graphs 1-3; 5 - average temperature of the baseline experiment (Fig. 9, graph 4).

2m;Z=2.15m; Q=2000 MJ/m?;N=10;n=2; S=03m?.
Parameters of the cable tunnel used in the
"minimum fire load" experiment: L=10m; Y =2
T.2C
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Fig. 11. Temperature regimes of the fire in the mathematical model of the cable tunnel with the parameters
specified in Table 5: 1 - average temperature in the plane of the fire centre; 2 - average temperature in the plane
"-0.5 m" from the fire centre; 3 - average temperature in the plane "+0.5 m" from the fire centre; 4 - average
temperature between graphs 1-3; 5 - average temperature of the baseline experiment (Fig. 9, graph 4).

m;Z=2.15m; Q=688 MJ/Im?;N=2;n=2;S=
0.3m2

I11. Influence of geometrical dimensions of the
cross-section.

The maximum size of the geometric section was

included in the basic experiment.

Parameters of the cable tunnel used in the
"minimum cross-section™ experiment: L =10 m; Y =
1.6m;Z=18m; Q=1380 MJ/Im?;N=2;n=2;S=
0.3 m?.
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Fig. 12. Temperature regimes of the fire in the mathematical model of the cable tunnel with the parameters
specified in Table 6: 1 - average temperature in the plane of the fire centre; 2 - average temperature in the plane
"-0.5 m" from the fire centre; 3 - average temperature in the plane "+0.5 m" from the fire centre; 4 - average
temperature between graphs 1-3; 5 - average temperature of the baseline experiment (Fig. 9, graph 4).

IV. Influence of geometric parameters of

ventilation and inspection hatch openings and the
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distance between them: L=10m; Y =2m; Z=2.15
m; Q=1380 MJ/m?>;N=2:n=1;S=0.3m2
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Fig. 13. Temperature regimes of the fire in the mathematical model of the cable tunnel with the parameters
specified in Table 7: 1 - average temperature in the plane of the fire centre; 2 - average temperature in the plane
"-0.5 m" from the fire centre; 3 - average temperature in the plane "+0.5 m" from the fire centre; 4 - average

temperature between graphs 1-3; 5 - average temperature of the baseline experiment (Fig. 9, graph 4).

2m;Z=215m; Q=1380 MJ/m?>;N=2;n=3;
S=0.3m?2.

Parameters of the cable tunnel used in the
experiment "maximum air inflow™: L=5m; Y =
T, °C
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Fig. 14. Temperature regimes of the fire in the mathematical model of the cable tunnel with the parameters
specified in Table 8: 1 - average temperature in the plane of the fire centre; 2 - average temperature in the plane
"-0.5 m" from the fire centre; 3 - average temperature in the plane "+0.5 m" from the fire centre; 4 - average
temperature between graphs 1-3; 5 - average temperature of the baseline experiment (Fig. 9, graph 4).

V. Averaged results
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Fig. 15. Averaged fire temperature regimes in the mathematical model of a cable tunnel with the parameters
given in Tables. 4 - 9: 1 - average temperature of the computational experiment "maximum fire load"; 2 -
average temperature of the computational experiment "minimum air inflow"; 3 - average temperature of the
computational experiment "minimum cross-section”; 4 - average temperature of the computational experiment
"baseline experiment"; 5 - average temperature of the computational experiment “maximum air inflow"; 6 -
average temperature of the computational experiment "minimum fire load"; 7 - average temperature between the
graphs 1-6.

Analysing the results obtained, it can be stated that
the fire temperature regime is most influenced by the
fire load, air inflow rate (horizontal component of the
velocity), and geometric parameters of the tunnel.

Conclusions and prospects for further

research. The paper determines the temperature
regimes of fires in cable tunnels with different sizes,
aerodynamic parameters and fire load, as well as the
dependence of the fire temperature regime on these
parameters. With 10 laid cable lines and a fire load of



