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Comparison of theoretical method of the gas flow iorridors with
experimental measurement in real scale

Jii Pokorny* andHorst Gondek

The paper describes the principles of ventilatidnunderground structures, tunnels and corridorsaléo presents a theoretical
method of assessment of corridor structures whenegpy monitored values are velocity of spreaditegnperature and depth of forehead of
smoke wave in dependance on time and distance tliencentre of fire. Results predicated by a théometmethod are compared to
the values measured in a real large-scale experimenducted in the tunnel Valik on the D5 motonivatghe Czech Republic. This paper
evaluates a possible use of theoretical calculaf@mnconstructions of tunnels. The presented meibdidised on a buoyancy of flue gases.
At common constructions is the buoyancy effectobiee most significant phenomena, which affe@ssthoke movement. The specific type
of tunnel constructions is the cause of phenomeatftindamentally affect the smoke flow. The ingpme of a buoyancy effect decreases
significantly while the openness for tunnel corstinns and the effect of fire ventilation beconfes major influences. These described
effects are the cause of significant variances éalized experiments and applied theoretical mettBased on mentioned important
discrepancies it is impossible to recommend théesgnted calculation method for using of tunnel taotons. The method would require
an important modification so that would take intzaunt the specifics of tunnel constructions.
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Introduction

Among the tasks of the mining ventilation it is pide to include the ensuring of sufficient air mdsr
breathing of people and the work of machines fartidin of harmful, toxic and explosive gases arel ¢heation
of optimal climate conditions in the workplace. hig ventilation can be classified from many poiafsiiew.
Division into natural and forced ventilation can @@nsidered as a basic one. It is also necessametdion
the basic ventilation systems of mine ventilatiovhich include central ventilation, transverse Jaititn
(diagonal, border) and mixed ventilation (combineBYyinciples for solving of ventilation of coal neis
significatly affect the presence of the methane §aen we can divide mines into gassy mines nosygasnes.
This classification is the reason of significardifferent requirements for mine ventilation. [1]

Although, generally, it is possible to characterimanels with a length exceeding 50 m as undergroun
structures, the construction of road and railwaynals are exempted from this classification acewgrdio
the legislation of the Czech Republic (they are nohsidered as underground objects) [2]. In terrhs o
the potential risks of constructions of road aniway tunnels, it is possible to consider this aygwh, i.e.
different requirements on the construction of tusrend construction of mines, logically. In someywjathe
constructions of tunnels are rather similar to ,coom constructions” [3, 4]. The difference is aleflected in
the ventilation system designs, that is possibledidde into longitudinal and transverse. The aifh o
the ventilation of tunel is to secure acceptabléssion values during ordinary service and to createditions
for dealing with extraordinary incidents. [5]

The classification of tunnel constructions and tequirements for their safety equipment can vary,
depending on the national requirements of eachtop{l]. Certain variances are applied also inrbgulations
of Slovak Republic. [7]

The occurrence of fires in public and administratbuildings in foreign countries gave the first atys for
the assignment of research works that were supposertate a system of economically acceptable elsas
sufficiently effective protection of people [8]. &tpriority of all research works of a similar natus to reduce
the consequences of emergencies [9].

One of the significant spheres of this researcrem the problems of propagation of smoke in hot&io
communications (tunnels, corridors). The expentsedi at creating a method suitable for evaluatiosesfain
parameters of the propagating smoke wave. The musirtant of these parameters include the propagati
velocity of the smoke wave front and the tempemand depth of the smoke wave. As a result, a mettieal
model for evaluation of the above stated parametesscreated. The model was subsequently implemhénte

Ying. Jii Pokorny, Ph.D MPA, Technical University of Ostrava, Faculty of safetygineering, Department of Civil Protection, Luowi
13, 700 30 Ostrava — VySkovice, Czech Repuhiiepokorny@vsb.cz

2 prof. Ing. Horst Gondek, DrS&gchnical University of Ostrava, Faculty of MeclaiEngineering, Department of Production Machines
and Design, 17. listopadu 15, 708 33 Ostrava -tRgr@zech Republidhorst.gondek@vsb.cz

146



Acta Montanistica Slovaca dlume21(2016), numbeR, 146-153

the FPEtool zone model (National Institute of Stadd and Technology, Building and Fire Research
Laboratory, Gaithersburg, Maryland) in the part GOBOR [10].

The results acquired by modelling were compared thié experiments carried out in building structuoé
different geometric dimensions, using fires of as heat output values. In most cases, the camelaetween
the results stated by the FPEtool model of the G&IRRIDOR and the real measured values was evdlaate
admissible [8].

The aim of the paper is to compare the resultsimddaby a calculation method implemented into
the FPEtool model to selected values of a real iaxjgait implemented in the Valik tunnel in the Czé&dpulic
and, consequently, to evaluate a possible usechf sethod in tunnel constructions.

Material and methods

Basic factors influencing the moment of flue gases corridors and tunnels
The movement of smoke occurring as a result of ifireorridors and tunnels as well as other building
structures is influenced by a complex of factordanfier or smaller importance. The basic factofkiémcing
the movement of smoke in the above-mentioned strestinclude mainly:
e chimney effect,
- effect of standing vehicles,
e wind,
*  buoyancy effect,
* increase of volume of gases,
* ventilating and air conditioning equipment. [5]

The final pressure influencing the movement of gase corridors or tunnels may be expressed by
the equation [5]:

n
pc = zApl
i=1 (1)
where

p. final pressure (Pa),

Ap; partial pressure difference (Pa).

The factors mentioned earlier in this paper infeethe movement of gases either separately or,hmikic
most often the case, by accumulation of all thenphgena described earlier or at least by accumulaticome
of them.

In case of the movement of gases in the corridmsdre closed constructions, the most importasibfa
affecting mainly the initial phase of the propagatbdf gases include the buoyancy and the effewknfilation
and air conditioning equipment. The chimney efiggtally reaches insignificant values. The influentevind
and the increase of volume of gases due to a fine o be considered in relation to a particuléuwasion.
The occurrence of standing vehicles is not assumsesl

The tunnels that are characteristic of a considerals or gas penetrability due to their technilealout
(openness of the tunnel fronts) represent a diffesituation. The effect of wind and the instaliedhtilating and
air conditioning equipment are regarded as the nfagiors affecting the movement of gases in tunn&lpart
of this equipment is designed to provide the pitidectargets for the event of fire; these safetycanditioning
systems may not be put out of service when a fiis. The influence of buoyancy and the standetgjoles
has to be considered in relation to a particularasion. The influence of the chimney effect and ificrease of
volume of gases usually represent insignificanues) the former becoming more important in relation
increasing inclination of a tunnel.

The scope of each of the acting factors is an iddal matter and should be evaluated solely irtigziao
a particular situation. When making actual caldats, it is purposeful to take into consideratitie fosses
(local and caused by friction) occurring during thevement of gases in corridors and tunnels.

Propagation of flue gases at the practical experinmt in a road tunnel

In some cases, prior to putting the tunnels interagion, fire tests are carried out to verify tiffeeiveness
of fire safety equipment and, in particular, ofefiventilation. The tests are necessary especiallgase of
complex or non-standard ventilation systems. Ine@ases, in particular when simple ventilation exyst are
used, the real tests can be substituted by redsaadd-tests or by modelling. [11]

On 22nd May — 26th May 2006, the large-scale fasts were carried out in the tunnel Valik on the D5
motorway in the Czech Republic.

The experiment, which involved two tests, was desibto simulate a fire at the heating output of W Mn
case of the given heating output and the geomeétticensions of the tunnel, we presumed the smelease at
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the volume of 20 fhs'. During the experiment, a number of fire paranwmterere examined (especially
temperature of flue gases, surface temperaturengifhieering structures, velocity of air flow and smdlow,

smoke opacity and decrease of layer of flue gases).

As regards the problems analysed in this papemtbst important characteristics appear to be theegaof
velocity of flow of gases. These values were meabat both tunnel fronts and approximately midwiay@ its
length as well. The variables were measured contisly and the values of some of them are statfithle 1

[12].
Tab. 1. Average values of the measured varialgieded to the flow of gases.

Output values of measurement 1 test 29 test
Average velocity of air in the Pilsen tunnel fronfm.s"] 45 47
Average velocity of air in the middle part of the tinnel [m.s"] 1,8 2,7
Average velocity of air in the Prague tunnel fronfm.s?] 2,5 2,6
Ma>§|mum temperature;on the surface of the tunnel’s 139.6 122
engineering structure[°C]
Maximum temperature of flue gases in the tunne]°C] =195 =250

The partial results of undertaken experiments arepnesented in this paper because of their complex
evaluation or interpretation of achieved resultse Talues of velocity of flow of gases were stadtece merely
for the purpose of general comparison of the valmguired by experimental measurement with theeglu
determined by the presented theoretical method.

Theoretical method for the propagation of flue gasgin corridors

On the basis of the experiments carried out, thrarpaters of the propagating smoke wave in corridors
were derived [13]. The following mathematical redas are focused on the determination of the prapaiy
velocity, temperature and depth of the smoke walbke equations stated below were derived from
the experiments carried out in closed constructims thus do not take into consideration some dtetors
that are characteristic of open tunnel structuess (vind).

Propagation velocity of smoke wave
The propagation velocity of the smoke wave may ating to [13] be determined by the equations:
t+At

Xear) = X() + J-\_/dt
t

2)
_ T _TO (—=3Kx;y)+B
Viront = Vo I:E T [e ©
3)
B = T-T, g 6Kx0)
(4)
__aW,
3rrk/vave Ep (5)
where
Xway POsition of the smoke wave front at tirredt [m]
Xt position of the smoke wave front at titrjen]
v average velocity between the times ttanft [m.s’]
Viont  POSition of the smoke wave front [rﬁ]s
Vo initial velocity of smoke wave [m$
T initial temperature of smoke wave [K]

To ambient air temperature [K]

K constant [

B variable used in equation (15) []
a heat transfer coefficient [kW K]
Weor Width of corridor [m]

Muave Mass flow of smoke [kg’$

¢,  heat capacity of gases [kJki ]
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Temperature of smoke wave
The temperature of the smoke wave may accordifit3obe determined by the equations:

_ 1k
T= = [T.dx
(et .

— (=3Kxyy)
T =T, +(T - T,) &7 -

where

T average temperature of smoke wave at the disfamzex; to L [K]
L smoke propagation distance in corridor [m]

Xo initial position of smoke wave [m]

T temperature of smoke wave at point x [K]

To ambient air temperature [K]

T initial temperature of smoke wave [K]

K constant [r]

X position of the smoke wave front at time t [m]

Depth of smoke wave in a corridor
The depth of the smoke wave may according to [£3]&termined by the equations:

— n‘\/\/ave [t [T
TO Ebo E‘E |ﬂvcor (8)

1 T T (-3Kx )
=X, +—In| 2+|1-2 &
$7%0 T3 (T ( Tj j
where

D  depth of smoke wave [m]

Muave Mass flow of smoke [kg’$

t time [s]

T initial temperature of smoke wave [K]

To  ambient air temperature [K]

O ambient air density [kg.H

& variable used in equation (8) [m]

Weor Width of corridor [m]

Xy  position of the smoke wave front at time t [m]
K  constant [

(9)

Selected characteristics of the spreading of lafysmoke in the corridor are shown in the Figure 1.

T, Vg, Xg Ty | / N
L - J Viront B
L J
| X(t+At) =[
L t hLAiI
i T To, Po

Fig. 1. Characteristics of the spreading of lapésmoke in the corridor.

At present time, a number of research papers adab with the assessment of parameters of a spiggadin
smoke layer. The parameters are assessed by usimgexical or analytical method, as the case mgiték In
addition, fire models, especially Computationali#FlDynamics (CFD), are intensively used [15, 16].
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Results and discussion

The theoretical method described in the previoud pé this paper enables to predicate some
theparameters concerning the propagation of flue gasesrridors. Tle method was applied to the corridot
the dimensions 12,5/8,15/180 m (width/height/lehgtihere the flue gases propagate in one direaiiay.
Thedata were selected in order to correspond to tluengtrical dimensions of the building structure die
which the practical experiment, described in thikofang paragraphs, was carried out. The input ealfor
thecomputational simulation, especially the initiainjgerature of flue gases, were taken from the ve
acquired by the measurement at the tical experiment for the sake of their mutual corapdity (Tak. 1). For
the purpose of comparison it was assumed thatvbege temperature of flue gases approached theedt
temperature measured on the surface of the engigesructures

Table 2shows the forecasted parameters of the smoke wadehe values acquired by application
theequations (2 to 9) stated earlier in this papee Tésults represent average values or values datximt
the end of the corridor.

Tab. 2. Parameters of smoke wave determined by calcul§tioh

Parameters of smoke wav: 1% test 2" test
Initial velocity of smoke wave[m.s?] 15 1,38
Velocity of flue gases at the end of corridc [m.s?] . 0,56 . 0,55
Average velocity of flue gasefm.s’] . 0,94 . 0,89
Time interval for covering the distance of 150 m athe . 191 202
average velocity of flue gasefs)
Temperature of smoke wave at the end of corridc [°C] . 28,6 . 28,2
Depth of smoke wave at the end of corridc [m] . 2,11 . 2,23
Some of the parameters determined by the calcualatie shown in Figures 2 and
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Fig. 2. Parameters of smoke wave determined upon the ighues of * test [17]
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Fig. 3. Parameters of the smoke wave determined upon phg ialues of " test[17].

Smoke wave velocity = = Smoke wave temperature |

Upon comparison of the calculated (. 2) and measured (Tah) values we may state that the val
reach mutually significant variations. It is obvéothat the velocity of flow of gases caused by liheyancy
effect need not be a dominaatfor in the tunnel structure

It is clear from the practical experiment carriad m the road tunnel Valik that acting of the witogiethel
with the compulsory ventilation (jet fans) has gana&ffect on the velocity of flow of gases in twis As tated
in Table 1, the values of average velocitythe flow of gases ranged from 1.8 to 4,7 *. These values are
markedly higher than the average values of velazitthe flow of gases caused by the mere buoyaffegte
which ranged from 0.89 to 0.94 m.€Tab. 2).

However, the movement of gases in road tunnelschwhire open structures to a great extent ar
thesame time are equipped with technical devices émswentilation, is substantially influenced by etl
aspects, different from the w@ors in closed structures. In terms of smoke avaropagation, such opennes:
structures and influence of ventilation equipmeart be considered essential. In comparison withrtéetionec
phenomena, the others, in particular the buoyaffegte ar¢ of minor importance.

Development of fire and thus the flow of smoke umriels may have a significant impact on other
safety equipment, e.g. an automatic sprinkle sy[18].

Conclusion

The paper describes general principles of vertditatf mines and differences concerning construstiof
tunnels and corridors. Also there is presentedhberetical method for the determination of selégarameter
of smoke spreading in structurescorridors. The method was derived experimentailgereby the essence
this method is evaluation of spreading of smokeesavased on the buoyancy eff

The use of presented theoretical methods for etraluaf smoke movement in constructions orridors
must be regarded as problematic. The buoyancyteffiey represent a minor effect from the point efwiof
therelevant smoke wave characteristics, especiallpritgpagation velocity. Without taking into considéon
the other factors, the deémed theoretical method is applicable only to tlesed building structure:

Also in closed construction objects, it is necegdartake into account other factors which canuiefice
the movement of gases in constructic

Although the development ca model of fire FPEtool has bee completed, it issgade to conside
thepresented method as usable in the future. Foruheet constructions would be necessary to sigmiflge
modify the method so that reflects the specificsunhel contructions. TJis can be the subject of a future w
for researchers. | any case, it is necessary feotshe limits of the method related to conditiohexperiments
on which the method has been created. The alteenafithe solution is to apply an other caltion method,
which will report a more favourable agreement isufts
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