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Metoro podoTu € o3HaiiomyieHHs i3 3actocyBanHaM CFD-ananiziB aas BHyTpimmix
NOTOKIB y AuMoxoaax i kBaprupax OyaiBenb. HaBegeHo KOpOTKHH OrJsiA TeMaTHYHOIO
AOCJTIIKEeHHS JeTAJIbHOI IHTOKCHKALilI OKCHIOM BYIJIEHNI0, W0 HAAXOAUTh 3 TIa30BOr0
HarpiBaya NpoTo4HOi BoAW y BaHHiil kiMHati. Taki aBapii Bin0yBaeTbcsi nmepeBaxkHO 4Yepe3
npodjeMu 3 BEeHTWIALIEI0 i Ay’Ke MOIIMPeHi MPH BCTAHOBJIEHHI ra3oBMX BOJOHArpiBaviB y
cTapux OyaiBasAX. 3akpuTi repMeTHYHi BIKHA € OCHOBHUMHU NMPUYUHAMM HAKONMMYEHHS OKCHUJ
ByIJielno, a iHOAI HempaBWJIbHA KOHCTPYKUisi IMMOXOAY Ta BHUBEJAEHHSl JMMOXOIIB Haj
KOHCTPYKII€I0 AaXy CHPHYUHSAIOTH 3BOPOTHY TATY NPOAYKTIB 3rOPAHHA. Y CTATTi PO3IJISIHYTO
HellACHUII BHIAIO0K, B OJAHOMY 3 MOJbCbKHUX MicT. I'a3oBuii HarpiBay mnpoTro4yHoi BoaH,
BCTAHOBJIEHOI Y BaHHIll KiMHaTI Ha mepmiomMy noBepci, 0yB migkJI0O4YeHuii 10 Tpydonposoay 3
HHM3bKOpo3TamoBaHuM BuxoaoM. Ilix yac BiTpsiHOI Moroau B KiHIi ’KOBTHS OJUH 3 MEIIKAHIiB
KBapTUPH NIOMep y BaHHI Yepe3 iHTOKCHKAIIiI0 YaHUM ra30M.

IIpoBeneni nocCaizkeHHS] MOKA3AIM Pi3Hi MOPYLIEHHS B KOHCTPYKUil AMMAaps, a TaKoXK
HelpaBHJIbHE PO3TAIIYBAHHSI BUXIAHOTO OTBOPY AMMOXOAY BiqHOocHO mokpiBai naxy. IlosacHurn
NPUYMHA aBapii CTAJI0 MOXKJIMBO 3aBASIKH YHUCJIOBUM PO3PAXyHKAM 3 BHKOPHUCTAHHAM MeTO/IB
o0uncmoBaibHOI TiAponunamiku. Pi3Hi ¢opmu BUNyCKHOro OTBOPY AMMOX0ay OyJi0 B3fITO 10
yBaru mix 4yac ananizy. byjgo crBopeno TpuBMMipHy Moaesab OyaiBii i kBaptup. Takoro poxy
MOJEJTIOBAHHSA JAJI0 MOKJIMBICTD 3''sicyBaTH IPUYMHY aBapii.

KuarouoBi cioBa: BiTep, BeHTWIsANisl, MOTIK Yy AUMOXOdi, OKCUJ ByrJemiw, ¢arajabHe
cn' IHiHHA.

The aim of the paper isthe presentation of application CFD analisys for interior flowsin
chimneys and flatsin a building. It isa summary of a case study of fatal intoxication by carbon
monoxide coming from a gas heater of flowing water at a bathroom. That kind of accidents
mostly happens due to problems with ventilation and very popular old construction gas water
heaters. Closed, airtight windows are the main causes of the production of carbon monoxide
but sometimes wrong construction of the chimney outlets versus the roof shape causes the
backdraught of combustion products. The paper deals with an accident which took place in
one of Polish cities. Gas heater of flowing water installed in a bathroom at the first floor was
connected to the vent pipe with a low outlet. During windy weather conditions, at the end of
Octaber, so in a cold season, one of the inhabitants of the apartment died in bathroom due to
carbon monoxide intoxication.

An investigation has been carried out, which has shown various irregularities in the
construction of the chimney, as well as misuse of the outlet. Explanation of the causes of the
accident was possible thanks to the numerical calculations using CFD methods, the scope and
extent of which is presented in the paper. Different shapes of chimney outlet were taken into
consideration during the analysis. Three dimensional model of a building and flats was
created. That kind of simulations gives the possibility to find out the reason of the accident.

Key words: wind, ventilation, flow in a chimney, car bon monoxide, fatal intoxication
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Introduction. In one of the Polish cities a new building was constructed among the old ones. The
building has been covered with an arched roof of 15 m span. The roof exceeds the adjacent flat roofs in
height by 6 m.

The new roof has changed the aerodynamic characteristics of the neighboring buildings, especially
around the chimney outlets of the ventilation and exhaust ducts. Some of the chimneys' heights have been
changed to fulfill the requirements of the Polish Standard (PN-89/B-10425).

Fig. 1. The view of the new building fromthe street and of the outlets after adjustments

Other outlets’ heights have not been changed because they were located further than 10 m from the
top of the roof, thus they were outside the distance given in the Standard. One of the outlets remaining at
its primary height was originally an outlet of the ventilation duct and to this vent duct a flowing water gas
heater was connected in an apartment at the second floor. Consequently, the outlet’ s function was changed
to an exhaust duct outlet. However, the construction of the chimney remained untouched, the chimney had
two side wall outlets left as designed for a ventilation duct outlet.

After afew years, during autumn and windy westher conditions, one of the inhabitants of the apartment
died due to carbon monoxide intoxication. An investigation has been conducted and has shown various
irregularities in the construction of the chimney, aswell as a misuse of the outlet. Neverthdess, the investigation
did not provide any explanation of the causefor carbon monoxide formation and spreading in the bathroom, and
in the entire apartment as well. The proven construction irregularities were only of non-compliance with the
Standard, in some cases depending mainly on its interpretation. The explanation of true causes to the accident
was possible only after numerical calculations which scopeis presented in this paper.

Initial conditions. Before the elaboration of an expertise, all essential information needed to be
collected. In this case, required data include conditions from the moment of the accident inside the
apartment, as well as on the outside, including the shape of the building and meteorological conditions,
which can play crucial and sometimes decisiverole.
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Fig. 2. A cross-section of the roofs. a — before the construction of the arched roof;
b — after the construction and ¢ — the height of a chimney as recommended. Wind direction is marked
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The initial conditions, the wind speed and direction at the time of the accident were retrieved from
the measurements from the nearest weather station that was located at the airport. The 10-minute mean
wind speed at a height of 13 m above the ground was 11 nvs, gusting up to 19 nmv/s and ambient air
temperature was 9 °C (Krajewski and Zuranski, 2009).

The wind speed has been modeled according to the power law with an exponent of 0.19 for wooded
terrain at the meteorological station windward of the anemometer for the wind direction that was taken into
consideration, that is a category B according to (PN-77/B-02011) and 0.24 for a city (category C). Gradient
heights were assumed at 400 m and 500 m, respectively.

Based on mentioned assumptions the wind speed profile was estimated. Only 10-minute mean wind
speed were used in the calculations. It was app 10 mv/s at the height of chimney outlets.
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Fig. 3. The areaincluded in the analyss. Underneath, the wind speed scale
and left the mean wind speed profile are presented

The three-dimensional model of the analyzed domain was based on the architectural plans of the
building, including chimneys, and a testimony of eye-witnesses. Based on information from on-site
inspection and prosecution files, an assumption was derived that all the windows were closed apart from
the one in the kitchen that was dlightly repealed. This assumption could not be verified.

Several other flats, connected with the one previously taken into consideration, have also been
modeled. All modeled flats form a complex of buildings are enclosed by three streets and a courtyard.

The simulation also takes into account the leakage through the door to the staircase and to other
apartments, as well as leaks through the attic windows.
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Fig. 4. The view of the outlet of the chimney during the accident.
Wind direction was parallel to the walls with the outlets

Subjected to a particularly detailed analysis were: the part of the roof surrounding the chimney with

the exhaust duct outlet connected to the flow gas water heater and the area around the connection of the gas
heater to the chimney with a small fan installed at a side of the ventilation duct.

303



The chimney protruded over the roof surface by about 0.6 m, the centers of the two outlets were at
0.4 m above the roof surface.

Calculation. In order to evaluate the effectiveness of the existing exhaust installation a series of
calculations was made using Computational Fluid Dynamics. The calculations have been conducted using
ANSYS Fluent software which has been strongly validated in numerous branches of science in various
scientific ingtitutions, including the Building Research Institute in Warsaw, Poland.

The three-dimensional analyzed domain has been divided using a tetrahedral grid of 7 400 000 dements
with dimensions, ranging from 25 mmin the area of a chimney outlet to 1.0 m on peripheries of the domain.

Fig. 5. Three-dimensional model of the analyzed building

Conducted simulations were transient. RANS k-¢ turbulence model was applied in the calculations.
Various situations have been investigated: the presence and absence of the new roof, varied heights of
chimney outlets and changes in the chimney outlet and in the flat. Only one wind speed and its direction
has been taken into consideration, as observed during the accident. Indoor air temperature was assumed at
20 °C and the temperature of combustion products at the outlet of the gas heater was 180 °C. Thus the
buoyancy effects and gravity forces have been taken into calculations.

The analyzed area has been divided into a finite number of control volumes using an unstructured
tetrahedral numeric grid. Total number of control volumes was approximately 7 400 000. In the vicinity of
dits and in places where large gradients were expected the local density of the mesh was increased.

The calculations were conducted using the turbulence model Realizable k-e. Additionally, in order to
recreate the conditions in the apartment, as accurately as possible, heat sources imitating the burner in the
gas water heater were implemented into the model.

Fig. 6. Digital model of the analyzed flat
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Results. After conducting the analysis the following conclusions were reached. First of all, resulting
from the existing construction, features of the chimney; as wel as the external conditions during the
accident, in the initial phase of the water heater operation the products of combustion were not discharged
upwards through the chimney but returned into the bathroom through the small fan outlet of the former
ventilation duct above the place where the exhaust pipe was connected to the ventilation duct (Fig. 8).

The calculations assumed that the small fan did not function at the time. If the side wall outlet fan
was removed from the model, still asimilar effect of discharge of exhaust into the bathroom occurred, only
the fumes would flow through the inside of the heater.
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Fig. 7. Exhaust chimney duct and the connected rooms

The discharge of fumes was blocked by the cold air from the outside in the long chimney duct. The
flow in the chimney was reversed due to the influence of the wind. Higher chimneys that served for the
ventilation of the same apartment had outlets in the area of higher wind speed because the outlets were
higher and closer to the arched roof.

Fig. 8. Wind speed vectorsin the cross-section of the chimney
near the connection of the gas heater
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The backflow of fumes in the chimney also occurred after the heater had been turned off. Switching
the heater on an off several times in the condition of the oxygen deficiency in a flat, led to the gradual
increase of fumes and carbon monoxide concentration in the bathroom and in the entire apartment, and in
the end to a fatal accident. There were 6 persons slept in the apartment at the night before the accident and
the deceased has been the last person to use the bathroom in the morning.
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Fig. 9. Wind speed vectorsin the cross-section of the chimney near the chimney outlet. Left:
the existing construction; right: the recommended construction of the chimney. Wind direction is matked by an arrow

The problem of the cold air influx from the outside to the chimney can be eliminated by increasing
its height to the similar height of all the other chimneys, as well as moving the outlet of the duct to the top
of the chimney from the side walls (Fig. 9). The last improvement has been implemented in compliance
with the Polish Standard (PN-89/B-10425).

Conclusion. Based on the conducted analysis and calculations the importance of chimney height and
placement of chimney outlets for functioning of a ventilation system was proven.

The investigation has also shown the negative effects of the unsupervised changes made by in-
habitants of the apartment on the functioning of natural ventilation of the apartments. Such actions can
often lead to accidents with fatal results.

Combained analisys of interior flows, thermal exchange and computational wind engineering made
it possible to explain the causes of fatal intoxication by carbon monoxide in a dwelling. This combination
of methods can be used in many branches of engineering for example in fire safety enginnering with
natural ventilation. Global view for a problem is one of the most important thing to check and prove the
environmental parameters.
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