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ABSTRACT

This report includes a verification of the need for fire dampers in ventilation c\varmels passing through
fire partitions in 17 rooms on the Troll C Platform. The actual rooms are areas which in general are
expected to have a rather low fire load density, due to a comparatively small amounts of combustible
materials, and due to the fact that these materials are fire retarded.

The main objective of this study is to determine whether fire dampers in the ventilation penetrations in
the 17 rooms on the Troll C platform are required or not. That is, whether the pressure build-up within
the rooms, due to a fire and extremely tight all-welded compartments, will cause smoke and fire spread
via the ventilation system, when neglecting fire dampers in the ventilation channels passing through fire

partitions.
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CONCLUSIONS AND RECOMMENDATIONS

Generally

The prediction of the maximum pressure build-up due to restricted thermal expansion in this
report is rather conservative. This is due to the fact that the fire models used in these calculations
do not take into account the effects of the pressure build-up on the air supply rate and the fire
development in general.

Tt has to be pointed out that in the evaluations of the possibility for smoke spread to other rooms
via the air supplies, it has been presupposed that the air supply pressure at the air supply channels
is in general 100 Pa.

The ratio of room volume to pressure relief area, i.e. area of exhaust and air supply vent openings,
is the most important parameter affecting the pressure build-up due to restricted thermal
expansion in a all-welded fire compartments. Especially, high values of this ratio will cause high
pressure build-ups in the fire room. A high value of the "ratio" implies that a large volume of
smoke gases has to be relieved through a small pressure relief area.

The pressure build-up is generally inversely proportional to the square of the pressure relief area.
Consequently, when the pressure relief area is doubled, as in case of pressure relief also through
the air supplies, the pressure increase is reduced to one-fourth of the pressure increase in case of
one opening (i.e. pressure relief only through the exhaust system).

Smoke Spread

Due to the possibly high pressure build-up in the rooms, which strongly restricts the air supply to
the room, and thus also the heat release rate of the fire, the smoke spread to other rooms will be
generally intermittent.

Table I on the next page shows the results of the calculations with respect to maximum
temperatures as well as maximum pressures in the 17 rooms on the Troll C Platform. The table
contains also ratings of the degree of smoke spread from each of these 17 rooms to other rooms,
via the ventilation system in case of a fire in the rooms.

It appears from the table that there will be smoke spread to a high degree to rooms downstream in
the air supply system, and most likely also via the exhaust system, in case of a fire in Water Inj.
H.V. Trafo Room. The pressure build-up in this room will in case of pressure relief through the
exhaust opening only, as shown in the table, be as high as 2082.5 Pa, while the maximum smoke
gas temperature in the room is only 53.4 °C.

There will probably also be smoke spread to a certain degree via the air supplies to rooms
downstream in the air supply system from HVAC (port mid.) and HVAC (starb. mid.). The
pressure build-ups and temperature loads of these rooms will correspondingly be 675.5 Pa and
54.8 °C, respectively. For the other 14 rooms on the Troll C platform there will be no or
insignificant smoke spread to other rooms.

This spread of toxic smoke will most likely lead to severe conditions for the platform personnel
staying in room connected to the same ventilation system. This smoke exposure may probably,
within some time, lead to incapacitation of the platform personnel if evacuation is hindered.
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Table I: An evaluation of the possibilities of smoke spread to other rooms, via the air supply
system. The assumed effects of the flow resistance at the inlet, as well as in the exhaust
and air supply channels to the fire room, are also taken into consideration.

Degree of smoke dispersion to other M Ma.x. pressure
rooms via the ventilation system: ax. ANEFESSR
gas in case of

temp- One Two
Fire room To a To a - No rature | open- open-

high Certain Ir;sngm- smoke ing ings

icant
degree | degree spread

(°C) (Pa) (Pa)

LIR. 1 X 69.7 204.9 52,2
HVAC (port aft) X 65.8 223.4 57.1
HVAC (starb aft) X 74.8 302.9 77.6
L.ILR.2 X 69.7 204.9 522
Generator control room X 200.8 100.7 25:2
HVAC (port outer fwd col) X 68.5 290.4 74.6
HVAC (port inner fwd col) X 50.6 131.6 33.5
HVAC (starb outer fwd col) X 71.6 199.8 50.8
HVAC (starb inner fwd col) X 68.5 290.4 74.6
Water Inj. H.V. Trafo Room X 53.4 2082.5 679.1
Process Ultilities X 73.5 149.8 37.9
HVAC (port mid) X 54.8 675.5 183.5
H.V. Switch Room X 85.6 433.1 111.7
HVAC (starb. mid.) X 54.8 675.5 183.5
Electrical Room X 207.3 118.2 29.7
HVAC (port outer fwd. col. low.d.) X 68.5 290.4 74.6
HVAC (port outer fwd. col. low.d.) X 68.5 290.4 74.6

Fire Spread

It can be concluded that the smoke spread to other rooms may occur in case of a fire in three of
the 17 rooms on the Troll C platform. This smoke spread will, however, not result in fire spread to
the other rooms, because of a too low smoke gas temperature.

Recommendations

Due to the low maximum fire gas temperatures in the three rooms mentioned above, i.e. slightly
above 50 °C, which is lower than the actuation temperature of the fire dampers, a shut-down of
the ventilation system in case of a fire in these room will not take place. This because fire a
damper usually is actuated when the gas temperature exceeds 67-70 °C.

An alternative to installing fire dampers in the actual channels is to increase the pressure relief
area, i.e. by increasing the ventilation channel diameter. If the of the exhaust and air supply
channel diameters are increased from 200 mm to 315 mm for the Water Inj. H.V. Trafo Room, the
maximum pressure in the room will decrease to 459.0 Pa and to 121.7 for pressure relief through
one and two openings, respectively. This will cause no or insignificant smoke spread to other
rooms via the air supply system.

If the diameters of the ventilation channels of the rooms HVAC (port mid.) and HVAC (starb.
mid.) are increased from 200 mm to 250 mm, the corresponding pressures will decrease to 295.1
and 47.4 Pa, and, thus, no smoke spread will take place via the ventilation system.
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1. INTRODUCTION
1.1 Generally

SINTEF Civil and Environmental Engineering, Norwegian Fire Research Laboratory (SINTEF
NBL) has by a request from Norsk Hydro been asked to carry out a verification of the need for
fire dampers in ventilation channels passing through fire partitions in 17 rooms on the Troll C
platform /1/.

SINTEF NBL has carried out a similar verification for Norsk Hydro in 21 rooms or areas on the
Visund Platform /2/ in the time period from October 1996 to January 1997. The calculation
method developed during this study will also be used in the evaluation of the 17 rooms on the
Troll C Platform.

1.2 Background

There are mainly the following two severe and unwanted situations that decide whether fire
dampers are required in the ventilation channels passing through fire partitions or not:

- Smoke spread
- Fire spread

In case of a fire in a room the resulting pressure build-up due to the heat generation and a rather
tight compartment may cause smoke spread via the ventilation system. This occurs only if the
overpressure thus created in case of pressure relief through both the exhausts and the air supplies
is above a certain lower limit (e.g. 100 Pa). If the temperature of the fire is sufficiently high, the
smoke spread may even lead to fire spread to other rooms. A fire damper, which closes when a
fire is detected, prevents effectively both smoke and fire spread to other rooms for a certain time,
usually for least an hour.

All bulkheads and decks of the actual rooms on the Troll C Platform are all-welded. Thus, these
rooms constitute extremely tight compartments. It is expected that there may be great pressure
build-up in case of a fire in the room. The pressure build-up is due to the restricted thermal
expansion of the hot smoke gases in case of a fire in a room. A large volume of smoke gases has
to be relieved through a small area. The only openings providing for pressure relief, are the
ventilation openings or valves. That is, primarily the exhaust valves, but also the air supply
valves, when pressure build-up due to thermal expansion exceeds the counterpressure in the air
supply channel.

The exhaust system will hardly result in any smoke spread to other rooms, apart in case of
extremely high pressure build-ups. However, there may be a significant smoke spread to other
rooms downstream in the air supply system, provided that pressure build-up in the fire room
exceeds the counterpressure in the air supply channel to the room.
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1.3 Objective

The main objective of this study is to determine whether fire dampers in the ventilation
penetrations in 17 rooms of the Troll C platform are required or not. That is, to decide whether
fire spread and a critical smoke spread will take place when neglecting fire dampers in the
ventilation channels passing through these firewalls.

On the basis of the given type and amount (i.e. weight) of combustible materials in the actual
rooms (data submitted from Norsk Hydro /1/), the fire load density (in MI per m? surface area of
the room) and the temperature load (in °C) will be predicted for each room. When the temperature
development as function of time from the start of the fire is known, as well as the pressure areas
of the exhaust and the air supplies and the room volume, the pressure build-up within the rooms
(in Pa) can be predicted as a function of time.

The calculated temperature load and pressure build-up in each room will determine whether fire
spread to other rooms is possible or not. In order to determine whether smoke spread via the
ventilation system may take place, the pressure increase due to thermal expansion have to be
calculated in all the 17 rooms of the Troll C Platform. The calculated fire or smoke gas
temperature, pressure relief area and the volume of the room represent the main input data to these
calculations.
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2. CALCULATIONS

2.1 Calculation Methods

The following calculation methods will be used in this evaluation:

e Fire load density: NS 3478 /3/.
e Temperature loads: The “Swede Method” /4/.
e Pressure build-up: A method developed by SINTEF NBL /2/ (see section 2.1.3).

2.1.1 Fire Load Density

The calculation procedure for the predlctlon of the fire load density for each room is according to
NS 3478 /3/. The fire load density is, according to this standard, determined by multlplymg the
weight of each type of material by its heat of combustion (in MJ/kg). This product is calculated
for each combustible material in the room, and the products are summed up. This sum is
representing the fotal fire load (in MJ) of the room.

The fire load density (in MJ/m?) is predicted by d1v1d1ng this sum, i.e. the total fire load of the
room, by the internal surface area of the room (in m?). That is the surface area of the all decks
(including the "ceiling") and bulkheads. The resulting number is the fire load density of the room.

2.1.2 Temperature Loads

When the fire load density and the ventilation conditions of the room are known, calculations of
the resulting temperature loads will be predicted by means of a well known calculation method,
i.e. the “Swede Method'” /4/. This method will result in a more realistic fire exposure than for
example using the ISO 834 time-/temperature curve (NS 3904).

The ISO 834-curve, which represents a predetermined cellulosic fire in an ordinary living room
filled with easily combustible materials (e.g. textiles, plastic, wood, paper etc.), will in most cases
represent a highly overestimated fire in the actual rooms. The method does not take into account
the existing fire load density and ventilation conditions of the rooms, i.e. the two most important
parameters for the resulting temperature load. These rooms consist, as already mentioned, of
combustible materials, which are fire retarded. Thus, the fire load of the rooms is rather restricted.
Further, this curve does not take into account the actual ventilation and the thermal properties of
the boundaries of the room, e.g. the thermal conductivity, specific heat density, thickness etc.

“The Swede Method”, which actually also is based on a cellulosic fire, the predicted temperature
load is predicted depended on the actual ventilation conditions and the fire load density of the fire
room, as well as the actual thermal properties of the boundaries of the room. This is, as opposed to
the ISO curve, not representing the worst case of an enclosed cellulosic fire, but it is predicting
the worst temperature load based on the actual fire conditions of the room. That is, the fire
conditions with respect to the actual ventilation and the fire load of the room, as well as the actual
thermal properties of the boundaries of the room.

! This method is in detail described by Peterson and Oden /4/. We refer to this reference for further information

concerning this method. This method represents a fire development that may be expected in an ordinary living
room filled with easily combustible materials.
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The ISO curve may represent a far more severe fire behaviour and exposure, in which all fire
protection measures have to be dimensioned against. On the other hand, the "Swede Method" can
be considered as a “realistic fire development” based on the actual fire conditions of the fire room.
In Appendix B there is a detailed description of the calculation method used in this study for
prediction of the pressure build-ups due to thermal expansion. This method was developed during
the Visund Platform evaluation /2/.

2.2 Input Data

Table 2.2 and 2.3 show the input data received from Norsk Hydro a.s /1/. Table 2.2 shows room
number and total inner surface area, as well as the area of inner surfaces with insulation and the
fraction of the inner surface area with insulation. The not insulated boundaries of the room consist
of 10 mm steel plates, while the insulated boundaries consist of 100 mm Rockwool mats on the 10
mm steel plates. The details with respect to the insulation are generally identical to the insulation
details of the Visund Platform /2/. When assuming a conductivity of insulated and not insulated
boundaries of 0.04 and 50 W/mK, respectively, the effective or resultant conductivity of the
boundaries of each room is calculated on the basis of the fraction insulated. The effective or
resultant density and specific heat of each room, which are calculated in the same way as the
effective conductivity, are shown in Table 2.2.

Table 2.2: Varying parameters of the enclosing boundaries of the fire room. That is, the total
inner surface area, the area of inner surfaces with insulation and the fraction of
boundaries of the room which is insulated, as well as calculated effective wall
thickness, density, specific heat and conductivity of the boundaries’ (i.e. weighted on
the basis of the fractions insulated and not insulated boundaries).

Inner
Inner | Insu- | Insu- Eljfec- Effec- Et:fec- Effec heat
room | lated | lated tive ; tive ;
tive . tive transfer
sur- sur- area wall g speci- | o due- | coeffi-
Room no. face face frac- | thick- i fic ih ;
. ity tivity cient
area area tion ness heat &
m’ m’ % m ke/m’ | JkeK | WmK | Wim'K
LIR.1 207 53 0.256 | 0.033 | 5883.9 | 591.7 37.2 30
HVAC (port aft) 341 126 | 0.370 | 0.043 | 5017.0 | 623.5 31.5 30
HVAC (starb aft) 341 126 | 0.370 | 0.043 | 5017.0 | 623.5 31.5 30
LIR.2 207 53 0.256 | 0.033 | 58839 [ 5917 37.2 30
Generator Control Room 295 183 | 0.620 | 0.066 | 3100.6 | 693.7 19.0 40
HVAC (port outer fwd col) 239 0 0.000 | 0.010 | 7840.0 | 520.0 50.0 30
HVAC (port inner fwd col) 186 89 0478 | 0.053 | 41843 | 654.0 26.1 30
HVAC (starb outer fwd col) 195 44 0.226 | 0.030 | 6116.1 583.2 38.7 30
HVAC (starb inner fwd col) 239 0 0.000 | 0.010 | 7840.0 | 520.0 50.0 30
Water Inj. H.V. Trafo Room 928 240 | 0.259 | 0.033 [ 5864.1 | 5924 37.1 30
Process Utilities 187 0 0.000 | 0.010 | 7840.0 520.0 50.0 30
HVAC (port mid) 544 272 | 0,500 | 0.055 | 4020.0 | 660.0 25.0 30
H.V. Switch room 813 496 | 0.610 | 0.065 | 3178.9 | 690.8 19.5 35
HVAC (starb. mid.) 544 272 | 0.500 | 0.055 | 4020.0 | 660.0 25.0 30
Electrical Room 195 52 0.267 | 0.034 | 5802.7 | 594.7 36.7 40
gﬁ? (pert-outer fwd col 239 | o | o0000]| 0010 | 78400 | 5200 | 500 30
fg]ﬁg (pastionksesud-eul. 239 | o | o000 ]| 0010 | 78400 | 5200 | 500 30

1 Caleulated on the basis of the fraction insulated and not insulated boundary. The conductivity, density and specific

heat of Rockwool mats are presupposed to be 0.04 W/mK, 200 kg/m®, and 800 J/kgK, respectively.
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2.3 Results

2.3.1 Fire Load Density and Temperature Loads

Table 2.4 shows the calculated results with respect to the fire load density (in MI/m*) and the
resulting possible maximum temperature loads (in °C) of each room. In Appendix A there are
curves showing the temperature development as a function of time during the first hour from the
start of the fire, when assuming neither manual nor automatic fire suppression.

2.3.2 Pressure Build-up due to Thermal Expansion

Table 2.5 shows the calculated results with respect to the resulting maximum pressure build-up in
the same rooms. In Appendix A there are curves showing the pressure development as a function
of time during the first hour from the start of the fire, when assuming neither manual nor
automatic fire suppression are actuated. The left Y-axis of the curves in Appendix A shows the
temperature scale (in °C), while the right Y-axis shows the pressure scale (in Pa = N/m?).

There are two curves showing the pressure development, i.e. an upper and a lower curve, along
with the temperature development of the hot fire gases in the room. The upper curve (termed "1
opening") applies to the case where only the exhaust vent provides for pressure relief, while the
lower curve (termed "2 openings") represent the case where both the exhaust and the air supply
vent provides for pressure relief.

The latter case (i.e. "2 openings") is only valid if pressure build-up in the room exceeds the
counterpressure and the flow resistance in the air supplies, and, thus, both vent openings provide
for pressure relief. In the evaluation of possible smoke spread the counterpressure is presupposed
to be 100 Pa. If the pressure increase exceeds 100 Pa only in the case of "1 opening” (not on case
of “2 opening”), and there will be no smoke spread via the air supply channel to other rooms. If
there shall be any severe smoke spread via the ventilation plant to other rooms, the pressure
increase in the room in case of 2 openings has to exceed 100 Pa.
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3. EVALUATIONS
3.1 The Resulting Temperature Load and Pressure Build-up

3.1.1 Temperature Load

From Table 2.4 it appears that the parameters affecting the temperature loads are primarily the fire
load density and the air supply to the room. Generally, high fire load densities and a high air
supply rates will result in high temperatures in the rooms (e.g. in Generator Control Room and in
Electrical Room). This because a high air supply rate is capable of sustaining a larger fire in the
room.

However, if the fire load is high and the air supply rate is low, which is the case for L.LR. 1, the
temnperature load will be low. This because the low air supply rate will restrict the rate of heat
release within the room. Generally, a high air supply rate is usually more important, for attaining a
high temperature load, than a high fire load. The fuel load will usually be abundant anyway, even
in these rooms with rather restricted fuel load. This is, however, not at all the case for the air
supply, which is rather restricted for all the 17 rooms of this study.

The time for the occurrence of the maximum temperature loads is for all room approximately 10
minutes after the start of the fire. This applies generally, apart from two rooms, i.e. HVAC (starb.
mid.) and Electrical room, in which this occurs somewhat later, i.e. at 13.5 minutes after the start
of the fire.

3.1.2 Pressure Build-up

It appears from the curves in Appendix A that there is a very close relationship between the
temperature and pressure build-up. As shown in the curves in Appendix A, the pressure build-up
follows the temperature development rather closely. The time for the occurrence of the maximum
pressure loads coincides with the occurrence of the maximum temperature load. That is, the times
for the maximum pressure loads are for all room approximately 10 minutes after the start of the
fire. This applies generally, apart form two rooms. That is, HVAC (starb. mid.) and Electrical
room, in which this occurs somewhat later, i.e. at 13.5 minutes after the start of the fire.

It is, however, not only the temperature of the room that determines the pressure build-up in a
room. The pressure relief area of the room is certainly also a very important parameter for the
pressure build-up, in addition to the volume of the room. The pressure relief area is either equal to
the effective exhaust area (i.e. the upper curve in the curves in Appendix A), or it is equal to the
opening area of the exhaust and air supply vent. The latter area is valid, as already mentioned,
only if the pressure build-up exceeds the counterpressure in the air supply channel.

In fact, the main parameters affecting the pressure build-up due to restricted thermal expansion
are the temperature load and the ratio of room volume to the pressure relief area. This ratio will
from now on only be termed as the “ratio”. A high value of the ratio implies that a large volume
of smoke gases at a certain temperature has to be relieved through a small pressure relief area.
Consequently, the pressure build-up will be rather high in case of high values of the rafio. From
the results of this study it seems as if a high value of the ratio is definitely more important, for
achieving a high pressure build-up, than a high temperature load.
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It appears from Table 2.5 and the figures in Appendix A, that the pressure build-up is very
dependent on whether one or two openings serve as the pressure relief area. The pressure build-up
due to thermal expansion is in fact inversely proportional to the square of the pressure relief area.
Consequently, when the pressure relief area is doubled, as in case of "2 openings”, the pressure
build-up is reduced to one-fourth of the pressure build-up in case of "1 opening" (see figures in
Appendix A). From table 2.5 and the curves in Appendix A, one may see that this is true.

From Table 2.5 it appears that fortunately the areas with high values of the "ratio” and
temperature load do not coincide. For example, one may see that the Water Injection H.V. Trafo
Room has the highest ratio, but only one room has a lower maximum temperature load than this
room. In spite of this, this room attains an extremely high-pressure build-up of 2082.5 Pa in case
of only one opening, and 679.1 Pa in case of two openings. Likewise, the two rooms with the
second highest ratio, i.e. the HVAC (port mid.) and HVAC (starb. mid.), have the third lowest
temperature load. However, these two rooms attain a pressure as high as 675.5 Pa in case of one
opening, and a pressure of 183.5 Pa in case of two openings.

Provided that the ratio is high enough, there will be a high-pressure build-up for even small
temperature increases in the rooms. In the three above-mentioned examples, the temperature loads
are only slightly above 50 °C, while the ratios of these rooms are as high as 53476 and 25669.

On the other hand, a high temperature load needs necessarily not to give a high-pressure build-up
in the room due to thermal expansion, if the "ratio" is low. The rooms with the highest
temperature loads, i.e. HVAC (port outer fwd. col.) and Electrical room, have a temperature load
of only slightly above 200 °C. However, since the "ratio" is less than 2500, i.e. less than one-
tenth of the ratios of three above mentioned rooms, pressure build-up of these rooms are only
100.7 and 118.2 Pa (one opening), respectively.

3.1.3 The Effects of Pressure Build-up on the Air Supply Rate and the Fire

As shown in the diagrams in Appendix A, the temperature, as well as the pressure, increase
rapidly after the start of the fire. This rapidly increasing counterpressure in the air supplies, will
also result in a decreased rate of air supply to the room. Due to the already mentioned high
sensitivity of the heat release to the rate of air supply, this will result in a decreased rate of heat
release in the fire room, which again will lead to a decreased temperature load. This is however,
not taken into account in the calculations the resulting temperature development.

For the calculation method used in here, the fire development is calculated independently of the
pressure build-up in the room. However, in a real fire situation, the pressure build-up will affect
the air supply rate to the fire, and, thus, the resulting temperature load of the room. The fire will
probably suffer from oxygen starvation before the pressure reaches its maximum value. Thus, the
maximum calculated values of the pressure build-up will in a real fire situation probably be lower
than estimated here, due to the effects of pressure build-up on the air supply rate. However, the
calculated results are an indication of the maximum pressure build-up in all-welded and forced
ventilated compartments, even though this pressure probably is somewhat overestimated.

When the fire begins to suffer from oxygen starvation, the rate of heat release will decrease. Thus
temperature and pressure gradients will decrease correspondingly. This will continue until the
pressure has decreased so much that the air supply rate again is capable of sustaining a more
severe fire. Thus, the temperature and pressure will increase once more, until the fire again will
suffer from oxygen starvation.



SI][WEF 15

In this way the temperature and pressure will oscillate between a maximum and a minimum value.
The time period between the maximum and the minimum value will depend on the insulated
fraction of the boundaries of the fire room. If this insulation fraction is O %, this time period will
be short. On the other hand, if the insulation fraction is 100 %, this time period will be
significantly longer. The latter is due to the fact that the heat loss of the fire room is low, and the
temperature and pressure build-up in the room will decrease slowly.

Due to the rather severe effects of the pressure build-up on the air supply rate and pressure build-
up, as previously discussed, it can be concluded that the real values of the maximum fire
temperature and pressure build-up in table 2.5 are conservative estimates compared to real case.

3.1.4 The Effect of a Ventilation System in Operation on the Pressure Build-Up

As already mentioned pressure build-up in the room are calculated on the basis of a ventilation
system not in operation. A question in this connection may be: To what extents will a ventilation
system in operation affect the pressure build-up in a fire room, and in what direction? - positive or
negative, i.e. a larger or a smaller pressure build-up?.

In this connection we have consulted ventilation expertise within SINTEF Energy (i.e. section for
HVAC) /6/. Our own assumptions have by this contact to a large extent been confirmed. That is, a
ventilation system in operation will most likely have an insignificant or no effect on pressure
build-up due to restricted thermal expansion within the room.

3.1.5 The Effect of Balancing Dampers on the Calculated Pressure Build-Ups

The balancing dampers in ventilation channels will reduce the sectional area of the given effective
supply/exhaust opening diameter of the ventilation channels too a certain degree. This will have
an effect on the calculated pressure build-up by increasing the pressure build-up compared to the
calculated pressure build-ups, where this reduction of the sectional area is neglected. However, it
has already been pointed out that the calculated results are rather conservative, due to the fact that
the effect of the pressure build-up on the air supply rate and the fire is not taken into account in
these calculations. Consequently, it is expected that the results are still rather conservative, even
though the effect of the narrowing of the sectional area of the ventilation channels (due to the
balancing dampers) is taken into consideration.

3.2 Smoke Spread

3.2.1 Exhaust System

The exhaust system will, according to Jensen /5/, hardly cause smoke spread to other rooms via
the ventilation system. All the smoke gases will effectively and safely be evacuated via the
exhaust system. However, this applies primarily to moderate pressure build-ups, i.e. below 500-
800 Pa according to the calculations in this report. The highest-pressure build-up calculated in this
study is in the Water Inj. H.V. Trafo Room. Since, the maximum pressure increase in case of two
openings is of 679.1 Pa, there may be smoke spread through both the exhaust and air supply
channel from this room. However, for all the other 16 rooms the pressure is too low to cause
smoke spread via the exhaust system. Consequently, it can be concluded that there will be smoke
spread via the exhaust system only in case of fires in the Water Inj. H.V. Trafo Room.
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3.2.2 The Air Supply System

Smoke spread via the air supply system will occur, as already stated when pressure build-up due
to thermal expansion in the room exceeds the counterpressure in the air supply channel. If this is
the case, there will be smoke spread through the air supply channel primarily to rooms, which are
located downstream (with respect to the air supply system) of the room. Consequently, there will
be pressure relief through both the exhaust and the air supply channel, and the pressure relief area
is doubled.

As it appears from Table 2.5 and the figures in Appendix A, pressure build-up in the room will
fall dramatically (i.e. by one-fourth), when there is pressure relief through two openings instead of
only one opening. In this evaluation we will presuppose that the pressure in the air supply
channels is approximately 100 Pa, and that only rooms with pressure build-up exceeding this
value, will attain smoke spread via the air supply system.

Table 2.6 shows the evaluated degree of smoke spread from the different rooms on the Troll C
platform in case of a fire in the rooms. That is, no and insignificant smoke spread, as well as
smoke spread to a certain degree and to high degree to other rooms. The conservative estimates
of pressure build-up in Table 2.6 are also taken into account in these evaluations (refer section
3.1.3). The smoke spread will in any case not be continuos, but rather intermittent.

Table 2.6: An evaluation of the possibilities of smoke spread to other rooms, via the air supply
system. The assumed effects of the flow resistance at the inlet to as well as in the
exhaust and air supply channels to the fire room are also taken into consideration.

Degree of smoke dispersion to other Ma.x. PREAAIRE
rooms via the ventilation system: Mux, MIEREASE
gas in case of

temp- One Two
Fire room To a Toa Tnidiiii- No rature | open- open-

high Certain P smoke ing ings

icant
degree degree spread

(°C) (Pa) (Pa)

LIR.1 X 69.7 204.9 52.2
HVAC (port aft) X 65.8 223.4 57.1
HVAC (starb aft) X 74.8 302.9 77.6
LIR.2 X 69.7 204.9 52.2
Generator control room X 200.8 100.7 25.2
HVAC (port outer fwd col) X 68.5 290.4 74.6
HVAC (port inner fwd col) X 50.6 131.6 33.5
HVAC (starb outer fwd col) X 71.6 199.8 50.8
HVAC (starb inner fwd col) X 68.5 290.4 74.6
Water Inj. H.V. Trafo Room X 534 2082.5 679.1
Process Utilities X 73.5 149.8 37.9
HVAC (port mid) X 54.8 675.5 183.5
H.V. Switch Room X 85.6 433.1 111.7
HVAC (starb. mid.) X 54.8 675.5 183.5
Electrical Room X 207.3 118.2 29.7
HVAC (port outer fwd. col. low.d.) X 68.5 290.4 74.6
HVAC (port outer fwd. col. low.d.) X 68.5 290.4 74.6

From table 2.6 it appears that there will be smoke spread to a high degree to other rooms both via
the exhaust system and the air supply system for the Water Inj. H.V. Trafo Room. There will be
smoke spread to a certain extent via the air supply system of the rooms HVAC (port mid.) and
HVAC (starb. mid.). The pressure build-ups of the latter two rooms are 675.5 and 183.5 Pa in case
of pressure relief through one and two openings, respectively.
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The three rooms mentioned above will be supplied with more or less large amounts of highly
toxic smoke gases of temperature only slightly above 50 °C. Thus, the smoke spread to these three
rooms may presumably cause incapacitation of platform personnel after some time, if gvacuation
of the this room is hindered.

3.3 Fire Spread

Fire spread may take place either by loss of integrity (penetration of smoke gases) or by loss of
heat insulation. In the latter case fire spread may occur, either by radiation from the heated
surfaces of the channel (i.e. the unexposed side of the heated ventilation channel due to the flow
of hot smoke). If this shall be prevented, the maximum and average temperature increase on the
exterior side of the heated ventilation channel shall not be higher than 180 and 140 °C,
respectively. Thus, in rooms in which the calculated smoke gas temperature exceeds 140 °C, the
ventilation channels have to be insulated correspondingly in order to prevent fire spread.

Loss of integrity (penetration of smoke gases) may occur if the fire gases spread to other rooms
via the ventilation system. As already stated, smoke spread may occur if the overpressure due to
thermal expansion in the fire room exceeds the counterpressure in the ventilation channels. If, at
the same time, the temperature of the smoke gases is high enough to ignite easily ignitable
materials in the room, the fire may spread to this room. The minimum smoke gas temperature,
which is capable of igniting a material, is very dependent on the type of the material. For most
combustible materials this minimum temperature is between 300-400 °C /7/. In case of prolonged
exposure, this temperature limit may be even lower than this.

However, the gases may be cooled significantly in the ventilation channels before they enter the
room, and after being discharged into the room and mixed with the air in the room. A critical
value of at least of 400 °C will be chosen as the maximum smoke gas temperature that can be
tolerated in the room if loss of integrity by smoke spread via the ventilation system. For fire
spread due to loss of insulation (for non-insulated channels) a corresponding critical value of at
least 200 °C may be chosen. For insulated channels the smoke gas temperature must be
significantly larger than 200 °C if a loss of insulation of the channels shall take place.

Since the maximum temperature of the actual rooms of this study is slightly above 50 °C, it may
be concluded that these temperatures are far too low to cause fire spread via the ventilation
system. However, there may be a severe smoke spread of highly toxic fire gases to other rooms in
case of fire in the Water Inj. H.V. Trafo Room, and smoke spread to a certain degree in case of
fire in the HVAC (port mid.) and HVAC (starb. mid.).

3.4 Measures to prevent smoke spread

3.4.1 Generally

There are in principle the following two ways of preventing smoke spread via the ventilation
system if the pressure build-up is too high:

1. Increasing the diameter of the ventilation channels and the area of the vents
2. Installing fire dampers
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3.4.2 Increasing the diameter of the ventilation channels

If the of the exhaust and air supply channel diameters are increased from 200 mm to 315 mm for
the Water Inj. H.V. Trafo Room, the maximum pressure build-up in the room will decrease to
459.0 Pa and to 121.7 for pressure relief through one and two openings, respectively. These will
probably lead to no or insignificant smoke spread to other rooms via the air supply system. If the
diameters of these channels are increased to 400 mm, the corresponding pressure build-ups will be
185.1 and 47.4 Pa, and there will definitely not be no smoke spread to other rooms.

If the diameters of the ventilation channels to the rooms HVAC (port mid.) and HVAC (starb.
mid.) are increased from 200 mm to 250 mm, the corresponding pressures as mentioned above
will decrease to 295.1 and 47.4 Pa, and, thus, no smoke spread will take place via the ventilation

system.

3.4.3 Installing Fire Dampers

An alternative to increasing the diameter of the ventilation channels, for preventing smoke spread,
is to install fire dampers in the actual channels, primarily when the channel is passing through the
fire partitions of the room.

Fire dampers are usually actuated when the gas temperature exceeds 67-70 °C.

In the three rooms, in which smoke spread may take place via the ventilation system, the
maximum gas temperatures are only slightly above 50 °C. The fire dampers will not be actuated,
because of the fact that the maximum temperatures never will reach the actuation temperatures of
the fire dampers.

From the gas temperature and pressure development curves in Appendix A applying to Water Inj.
H.V. Trafo Room it appears that the pressure build-up is still rather high, even for temperatures in
the range 30-40 °C in the room. There will most likely be smoke spread even at this temperature
level in the room. Since this temperature level is rather close to the maximum temperatures in the
room without any fire n the room, it will hardly be of any help to have a lower set point for the
actuation temperatures of the fire dampers. The fire dampers in the ventilation channels may in
such cases be actuated even at normal room conditions.

Shutdown of the fire dampers must in these cases be actuated by other devices than heat detectors,
e.g. smoke of flame detectors.
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APPENDIX A: Curves Showing the Temperature and Pressure Development
in the Rooms as a Function of Time

On the subsequent pages in this there are curves showing the temperature and pressure
developments as function of time in 21 room on the Troll C platform.

LIR. 1
HVAC (port aft)
HVAC (starb aft)
L:LR. 2
Generator control room
HVAC (port outer fwd col)
HVAC (port inner fwd col)
HVAC (starb outer fwd col)
HVAC (starb inner fwd col)
. Water inj. h.v. trafo room
. Process utilities
. HVAC (port. mid.)
. H.V. Switch room
. HVAC (starb. mid.)
. Electrical room
. HVAC (port outer fwd. col. low.d.)
. HVAC (port outer fwd. col. low.d.)

3T e i O3 L s 0 B e

el el el e e N
STy R W= O



21

ainjetaduwa) seL) —

(s1y) 841 8y} JO Yels woly sull]

QINGIEE

sbuiuado g ‘esealoul ainssald --- ! 80 90 ¥0 2o 0
Buluado | ‘esealou] ainssaid — O 1T . | \
3 B /
.lJlIlJlllllllflllll // \
-
o 09 m | \
o | |
2 |
S 06 M
]
a3 02l ———
. \
|
S 08l /E
g 0LZ
2 |
2 ote |

o o o o o o o o
M~ (o} (9] <t ™ Al ~-
(D,) dInesadwa | sen

o
o0

L N7 ul @414 e Jo 8sed ul uoisuedxs jew.iay} 0} anp
asea.loul ainssoalid bunnsaua pue sainjesaodws) seb ayows




22

IR
UL s

ainjeladwis} sen) — (S1y) 841} @Y1 JO UBIS WOJ) Jwil|

(e pod) DYAH Ul 841 B JO 35D UJ UOISURdX® [BULIBY} O} 9N

sbuluado g ‘eseea.oul ainssald --- ! 80 90 0 c0 0
Buiuado | ‘esealoul ainssald — e e | | \
B e ———— \ \
09 AN = \
06 N M
—+—L [\
0clt |

~\| |

(ed) @sealoul ainssald

o

o
|2
R

osealoul ainssald buiynsai pue sainjesadwa) seb ayows

o o o o o o o o
M~ (o) o < ™ a\| —
(D,) ainesadwa ] sex)

[=]
o0




23

alnjeladws] sen) — (S1y) 8413 8U} JO UEIS WOl S|

sBuiuado g ‘esealoul ainssald --- | 8'0 9'0 #'0 20

Buluedo | ‘esealoul ainssald — | [~—-----t-——-—-- -

001 / \
oSl

oo s \ L)

- RN/

(ed) @sealoul ainssald
/

0S¢ / \

00¥

o

o
—

o
Al

o
™

o
<

o
Lo

o
(o)

o
M~

o
0

(D.) @injesodwa] sen

(34e "qiels) HYAH ul aiij e Jo 9sed ul uoisuedxa jewliay) o} anp
aseaJloul ainssaid bunynsai pue sainjeiadwa) seb ayows




24

QIRIGEE
DN O

alnjeladws) ser) —

(s1y) @114 8Y} JO UElS Wolf BWI|

sbuluado g ‘esealoul ainssaid --- | 80 90 7’0 A 0
Buiuado | ‘eseealoul 8inssald — ¢ R e S \ L
s M s — \ 0l
= 00! "y 02
w
: A
S 061 0€
@ J|
a5 006 ———— . o
|
@ ]°14 / \ 0]°]
& 008 L 09
0G€ 0L
00t 08

(Do) @anjesadwa] sen

Z ‘¥°I"7 ul 841} e Jo ased ul uoisuedxs jeuLiay) o) anp
aseaJoul ainssauid buiynsau pue sainjesadwa) seb ayows




23

alnjeladwa) ser) —

(sdy) aa1y 8Y} JO Hels woiy swi|

RINEPEE
DIINJICiTy

WOO0Y TONLNOD HOLVHINTO Ul 81 © Jo aSeD UJ UojSuedxd [BuLIDY]
0] eanp aseaJoul ainssa.id bunnsaui pue sainjeiladws) seb ayows

(D,) 8inmeladws ] sex)

sBuluado g ‘esealoul ainssald - | 80 9'0 70 20 0
Buiuado | ‘@sealoul ainssald — e o - 7 0
—_— TNl \
5 0S 0S
®
7))
n
-
o 00} — 00+
=
Q
3 /
D 05} oS}
D
K
~ 00¢ 00¢
052 | 0se




26

:
00€
ﬂ.\oo ‘PM] i9)N0 tOQy IOVAH Ui aliij e JO ased Ul :O.-WENQX¢ jewiiayy}

ainjeladwsa)] ser) —

(sdy) 8413 BY} JO Yels woly awi |

sbuluado g ‘esealoul ainssald --- ! 80 9'0 ¥'0 A0

Buiuado | ‘esealoul ainssaid — .
. ]
g |
i 00}
3 . I
=
N )
nl_w [ e
Q
3 N

o O O o
O N

o o o o o
0 N~ o o] <
(D,) @injesadwa] sex)

o
(@)

0] anp asea.laui ainssaid buiynsai pue sainjeiadwa) seb ayouws




27

eineledwe} sen — (s1y) a1} 8Y1 JO YB)S Woi} swl]
sbuiuado g ‘esealoul ainssald --- ! 80 90 0 ¢0 0
Buiuedo | ‘esealoul ainssald — R W . \ 0
2 —— : \ ok

o
N

o
a\|

/

(ed) @seaioul ainssaid
e
?
-
™
(Do) 8injesadwa | sen

o

o o
— o0
o o
Lo <t

|

0)4"
(‘102 "pmy sauul pod) HYAH Ul 8y e Jo ased ul uoisuedxa jeulidy)
0} anp aseaJoul ainssaid bulynsau pue sainjesadwa] seb ayows

%

QEONSAERE
ol slr

o
M~

®




rAREcCaradrad

alnjeladwa] ser) —
sBujuado g ‘esealoul ainssald -
Buiuado | ‘esealoul 8inssald —

OF
09
08
001
02!
ol
091
081
002

asealoul aInssald

(ed)

(

I 80

v'0

siy) @41} 8y} Jo Uels wolj awi|
90

¢0

0

(‘109 "pm} Jouul ‘qiels) HYAH ul alij e Jo 8sed uj uoisuedxs jeulLisy}
0} anp asealoul ainssaid bunnsal pue sainjeisadwa) seb axyows

0¢

0] 7%

09

08

00}

(D,) @ineiadwa]| sen




29

ainjeladws)] sen) —
sBuluado g ‘esealou] ainssald -
Buluado | ‘esealoul ainssald — 0
DE
Y 09
B 06
(7))
c
3 02l
3 0S|
2
D 08l
@
Mum )]
~ 0%c
o
=
iE 0.2
m@ 008

(sdy) a4i 8y} JO Uels woly sl

8 80

50

¥'0

¢0

f =

(‘102 "pMm{ 483N0 "qielS) HYAH Ul 8i) e JO dsed ul uoisuedxe jeuLisy}
0} anp asea.Joul ainssaid bunnsal pue sainjeiaduwa) seb ayows

o
(Q\

o
ﬁ-

-
O

08

001

(D,) @injesadwa] sey




30

alnjeladwe] ser) —

(s1y) @i @y} Jo yess woly sul|

RN PEE
U T

®

sbuluado g ‘asealoul ainssald --- ! 80 90 0 c0 0
Buiuedo | ‘esealoul ainssald — o 2
0ov L
IJG /X;llll[f[f'l % ___,
D %
wn
® 008 - 02
o)
3 002k -
g afrrllll;llllfil/
Q
wn
D 009} O
-
&,
000¢ —
00%¢ 09

wooy ojel] AH “fuj 1o)epn Ul 841 B JO 8SBI Ul UoIsuedXxad [eulidlj}
0} anp aseaJloul ainssaid bunnsai pue sainjesadwa) seb ayows

(D,) @ineiadwa] sen




31

alnjeladwsa) ser) —

(1) 81y BY} JO UEBlS WOl dul|

(@) GQIRINEE
DI TE

sbuluado g ‘esealoul ainssald --- I 80 90 ¥'0 20 0
Buluado | ‘esealoul ainssald — 0 \ 0
Al P e — \\ 0]
3 op = 0z
A |
S 09 | 0€
m N
o 08 d \ \ 1}%
D
@ 00} // \ \ 0S
3 ozt T~ // \\ y
oVl /< 0L

091

o
(00

(Do) @anesedwa] sen

SoI}1jI}) SS820.14 Ul 841} B JO dSeI Ul uoisuedxa jew.iay} o} anp
aseatoul ainssaid buiynsai pue sainjesodwa) seb ayows




32

a.neiadwie) sel — (S1Y) 11 BU} JO LIS WO} BWI|
sbuluado g ‘eseealoul ainssald --- | 80 90 ¥'0 AV 0
Buiuedo | ‘esealoul ainssald — O 1T e | \ 2
00} ————— T \ t
T N
@ 002 - \ \ 02
wn
C
® 006 ———— / 0g
~L \
® 00¥ O
wn
: N
- 009 0S
s /\\\
mm 009 09
|/
A 00/ 04
@ (‘piw pod) HYAH ul 84ij e Jo 8sed uj uoisuedxa jeuwliay) 03 anp
asea.Joul ainssaid bunnsal pue sainjesadwa) seb ayows

(D,) @injelodwa] sen




einjeladiue) seQ — (S14) @41 BU} JO LEIS WOy S|
sbuiuado g ‘esea.oul ainssald --- L 80 90 70 20 0
Buluado | ‘asealoul 8inssald — S i} o 0
e -~ \\\ oL
5 00} , \ \ 0c
7
c
3 002 ot
S e
)
o 00€ 09
n
° ~VL T,
5 \
~ 00% | 08
& v
= m 06
== |
@ 00S “ 00}
@ Wooy Ya3ums "A°H Ui alij e Jo ased uj uoisuedxa Jeulidyl oy anp
aseaJoul ainssald buiyjnsal pue sainjeisadwa) seb ayows

(D,) @inresadwa] sen




34

alnjeladwa) ser) —

sbuluado g ‘esealoul ainssald ---
Bujuado | ‘esealoul ainssald —

(ed) @sealoul ainssald

001t

00¢

00€

00¥

0059

009

004

008

(sdy) 41 8y} JO UelS Wolj awi |

2 80 90

70

¢0

(‘piw ~qie}s) DYAH ul 8414 e Jo ased ui uoisuedxa jeuwiay)
0} anp asealaul ainssaid buynsal pue sainjeiadwal seb ayouws

o

o
—

o
Al

o
™

o
<

o
O

o
O

o
M~

o
e 0]

(D,) @anelodwa ] sexn




35

EONIEAEE
U TSP

alnjeladws) ser) — (S1y) @i} 8} JO UBIS WO} S|

sbuluado g ‘esealoul ainssaid --- I 80 90 ¥'0 A0 0

Buluado | ‘esealoul ainssald — ,

ré
S '
~— ’
T i
-~ ....
N /
Gc ;

Qo
{9)

(ed) @sealoul ainssaid
0o
N~

001 /<\

Gcl

0G1}
Wiooy [eaLi}oa]g ul a.dij e JO 8sed Ul uoisuedxa jeuliay)
0} anp aseaJoul ainssa.id Buiynsai pue seineiadwa) seb ayouws

o
0

00t

o
L0
g

o
o
Q\

0S¢

00¢

(D,) @ineladwa] sen




36

ainjeladws)] ser) —

sbujuado g ‘esealoul ainssald ---
Buiuado | ‘esealoul ainssald —

(@» QAN =M=
UL B0

(ed) @sealoul ainssaid

08

0cl

091

00c¢

0} 74

08¢

0cC

(s4y) a1} ©Y} JO UBIS WO Wil |

I 80 90 v'0 ¢0 0

o o o o - o o o
N~ © L0 < ™ (o] —
(Do) ®Injesadwa | sen

o
(e8]

(‘P "moj ‘|02 "pm{ 4o3n0 Liod) HYAH Ul 8dij e JO 8Sed ul uojsuedxs Jeuwiay)
0} anp aseaJaul ainssaid bunynsal pue sainjessdwa) seb ayows




37

ainjeladws) ser) —

sbujuado g ‘esealoul ainssald -
Buiuado | ‘esealoul ainssaid —

o
(o8]

r4t

091

00¢

(ed) @sealoul ainssaid

o
ﬁ-
a\|

CON =
U LTSI

(s1y) o411 BY1 JO UBIS WOl dwl|

I 80 90 ¥0 ¢0 0

("P "MOJ “J0I "pPMJ 483N0 “q°IS) HYAH Ul 841 B JO 8seI Ul uoisuedxs [euwLidy)
0} @np aseaJoul ainssaid buynsau pue saimeiadwa) seb ayows

o o o o o o o e
M~ © O < ™ Al =
(D,) 8injeladwa | sey)

o
(s 0)




Sﬂ[ﬂﬁ@ﬁ 3

APPENDIX B: Documentation of Calculation method Used for the Prediction
of the Pressure Build-Up

General

The following two calculation methods will be used in this evaluation:

o Fire load density: NS 3478 /3/.
e Temperature loads: The “Swede Method” /4/.
e Pressure build-up: A method developed by SINTEF NBL /2/ (see section 2.1.3).

When the fire load density is, the pressure build-up due to thermal expansion may be predicted by
the method presented in this appendix. The “Swede Method” uses the fire load density of the
actual room, predicted on the basis of NS 3478, as a basic input parameter for the prediction of
temperature load of the actual fire room.

In order to take into account that a fire in the actual rooms not will have that rapid fire
development as predicted by the “Swede Method” (i.e. due to the extensive use of fire retarded
materials), the energy release term of the model is replaced by a “t-squared fire”, and by assuming
a slow fire development. The energy release term Q. of the fire room is given by the following
equation:

Q=cc-1? 2.1)

o, is a coefficient representing the speed of the fire development. For a “slow fire development”,
which applies in this case, o is equal to 2.9 W/s2. On the other hand, for a medium, fast and
ultrafast fire development o is equal to 11.3, 46.8 and 187.7 W/s?, respectively. The reason for
using a slow fire development is to predict a more realistic fire development, reflecting the fire
development of a fire in electronic equipment, like for example fire retarded cables, panels etc.
The introduction of a slower fire development, will, however, not affect the values of the
maximum temperature load and pressure increase in the room, only the time when these values
occur.

Table 2.1 shows the values of the basic parameters of the “Swede Method” chosen for the
calculations. Since these parameters are recommended to be used by the authors of this method
(i.e. Peterson and Oden /4/), these parameters are kept unchanged for all the rooms.

Table 2.1: An overview of the basic input parameters for the "Swede Method" and the values of
these parameters chosen for the calculation of the temperature load of the rooms on

the Troll C platform.

Input parameter (/4/°) Input value Unit
The temperature in the rooms at the start of the fire: 17 °C
The heat transfer coefficient of external surfaces of bulkheads and deck: 10 W/m K
The coefficient "¢" in the expression of the heat release rate: 330 kg/hm™~
The coefficient "y" in the expression of the convective heat loss: 1950 kg/hm"”
The coefficient o for the degree of complete combustion of the material: 0.6 -
Specific heat if the fire gases: 1300 JikgK
Effective heat of combustion of the combustible materials: 20.0 MI/kg
o in the "t-squared fire" expression of the heat release rate of the model: 29 Wis®

' gee reference /4/ for a closer description of this method and the input parameters.
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The following heat of combustion of the respective materials of the rooms are used /8/:

- Fire resistant cables: 23.3 Ml/kg
- Panels (polyethylene): 20.0 "
- Solvents (glycol/alcohol): 250 "
- Hydraulic oil: 430 "
- Lubeoil: 420 "
- Paper: 17.0 "

The “Swede Method” uses as a basic input parameter the dimensions of one or more ventilation
openings of a naturally ventilated compartment. In this case, where the rooms are only forced
ventilated, the forced air supply rate (in m?/s) is known. However, the forced air supply rate, m,
(in kg/s), can be transferred to the “equivalent dimensions” of an opening in a naturally ventilated
fire compartment by the following relation:

m, =05-4,/H, (2.2)

A, is the area (in m?) of the ventilation opening, and H, and W, are the height and the width (in
m) of the ventilation opening. By assuming a square opening (i.e. Ho = W), the equivalent width
and height of the ventilation opening may be predicted by the following relation:

H =W =@2m)" (23)

0 ¢

Pressure Build-up due to Thermal Expansion

The following basic equation for the mass balance for a fire compartment may be established
when the ventilation of the fire compartment is neglected':

m=m,—p-v, A, -dt (2.4)
where: m = the mass content of heated fire gases and air at time t (kg)
m, = the initial mass content of air at the ignition of the fire (kg)
t = the actual time at which m is mass content of air and fire gases in the room (s)
dt = the time increment (s)
p = the density of the heated fire gases leaving the fire compartment through the exit
openings of the compartment (kg/m?)
ve = the exit velocity of the heated fire gases through the exit openings (m/s)

A. = the area of the exit openings (m?)

The following equations apply for the exit velocity ve (m/s), the mass content m (kg), pressure
build-up Ap (Pa) and pressure p (Pa), all at time t (s):

V= 1’%}1 (2.5)
P

m=pV (2.6)

' The reason for this is partly due to the fact that the counterpressure of the air supply channel is not known and

partly for simplicity. As discussed later in Section 3.2.3, it is not expected that the ventilation will affect the
overpressure due to restricted thermal expansion very much.
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Ap=p-p, 2.7
p=pRT (2.8)
where: R = the gas constant for air = 286,7 (kJ/kg K)
T = the temperature of the fire gases at time t (K)
V = the volume of the fire compartment (m?)

po= the initial pressure in the room (i.e. the atmospheric pressure = 1-10° Pa) (Pa)

When combining the equations (2.4) - (2.8), the following relation for the pressure build-up Ap
may appear:

i —(2k,p,RT — kyp,) + \[@k,p,RT — k,p,)* +4(=k, + k; )k, (PRT)* ,

. (2.9)

2(=k, + k)

V 2
where: k, = (2.10)
A, RTAt

2
d: k,=— 2.11
an > = T (2.11)

At (in seconds) in Eq. (2.10) is the time interval between each calculation. A time interval or time
step of 90 seconds is used in the calculations of temperature load and pressure build-up .

The expressions (2.9)-(2.11) were used in order to calculate the ]gressure build-up in the fire room
at time t when the temperature load, T (K), the volume, V (m ), and the exit opening area, A.
(m?), of the room are known.

In equation (2.4) a drag coefficient due to flow resistance of the air supply inlet and the exhaust
vents, as well as the exhaust and air supply channel to and from the room (i.e. flow resistance in
channels, bends etc.), should also be included. A high resistance in the channels and valves will
increase pressure build-up in the room compared to the situation where an ideal flow nozzle is
representing vent of the room. This latter nozzle with a minimum of flow resistance is assumed in
these calculations.

However, the drag coefficients of the ventilation system were not available for SINTEF NBL.
Thus, the calculations are carried out without including any flow resistance in the ventilation
system. The flow resistance in the inlet of the exhaust and air supply channel is, however, not
expected to be very high, and it is, thus, neglected in the calculations. The omission of the drag
coefficient and by assuming an ideal nozzle is in fact slightly underestimating the pressure build-
up in the rooms.

As accounted for in Section 3.1.3 the pressure increase will restrict the air supply to. This is not
taken into account in the estimation of the temperature loads, which probably will be lower than
estimated by the “Swede method”. Since the pressure build-ups are a strong function of the
temperature in the room, the pressure build-up will also be overestimated. This overestimation
will more than compensate the underestimation of the pressure build-up due to the omission of the
drag coefficient and by assuming an ideal nozzle.
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The inner heat transfer coefficient

The inner heat transfer coefficient o; used in the calculations is given by the following expression:

: T.+273Y (T 3\* ;

‘T -T, 100 100

where: T, = the smoke gas temperature calculated by the "Swede Method" (°C)
Ty = the temperature of the enclosing boundaries or "walls" (&)
g, = the resultant emissivity between flames, smoke gases and the boundaries of the fire

room (-).
The inner heat transfer coefficient, oy, consists of the following two terms:
o, =@, +a,; (2.13)

The first term o<, represents the heat transfer due to thermal radiation from the flames and hot
gases, while the second term e<. represents heat transfer coefficient due to convective heat
transfer. This latter number is assumed constant and equal to 25 W/m?K. The first term is very
dependent on the temperature of the fire gases Tg. It is, at least to a certain degree, also dependent
on the temperature of the inner boundary surfaces T,.. Calculated values of o, based on the
calculated values of the temperature loads (based on an iteration process) are shown in Table 2.2.

Table 2.3 shows the rest of the input data for the calculation of the fire load densities. That is, the
dimensions, inner surface area, the pressure relief area, i.e. the diameter of exhaust and air supply
channels, and the weight of light fixtures, cables, panels and other combustible materials.



