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Abstract

Water distribution tests using Extended Coverage sprinklers for the
Muskd Tunnel

The objective of the tests was to determine the water distribution characteristics using
different water pressures and sprinkler spacing of two selected Extended Coverage
sprinklers. The sprinklers may be used for the protection of the Muskd tunnel and the
test set-up simulated a freight truck trailer positioned inside the tunnel.

Adequate sprinkler coverage would require that sprinklers are positioned close to the
peak of the ceiling. A relatively short vertical distance from the sprinklers and the
ceiling is also essential for proper thermal activation. These requirements are best met
by the use of upright sprinklers. Two extended coverage upright sprinklers with a
K-factor of 363 (metric) and 202 was selected for the tests.

For the extended coverage upright K363 sprinkler (Tyco model EC-25), a sprinkler
spacing of 4.0 m is recommended, in order to account for the fact that full coverage of
the freight truck trailer was not achieved at the tested 4.2 m spacing. A density of
10 mm/min requires an operating pressure of around 0.7 bar at this particular
spacing.

The tested extended coverage upright K202 sprinkler (Tyco model EC-14) provided a
wider water discharge pattern, with a proper water distribution on the top of a freight
truck trailer positioned offset in the tunnel at sprinkler spacing up to 5.0 m. For an
actual installation, a K202 sprinkler designed for a density of 10 mm/min require an
operating pressure of around 3.6 bar at this particular spacing.

Key words: Tunnel fire, automatic sprinklers, extended coverage sprinklers, water
distribution.
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Summary

The objective of the tests was to determine the water distribution characteristics using
different water pressures and sprinkler spacing with two selected Extended Coverage
upright sprinklers. The sprinklers may be used for the protection of the Muské tunnel
and the test set-up simulated a freight truck trailer positioned inside the tunnel. The
long-term objective is to investigate whether an automatic sprinkler system is feasible
in the Muskd tunnel. This would require additional intermediate- or large-scale fire
sprinkler tests.

The test set-up was designed to simulate a freight truck trailer positioned close to a
sidewalk in the tunnel. The rationale is that a freight truck on fire would be parked as
far as possible to the side of the road by an alert driver. A platform with a horizontal
plane that measured 5000 mm (L) by 2600 mm (W) was constructed to simulate the
top of a trailer.

The water discharge densities were measured at the top of the platform and at floor
level, with a total of 22 water collector trays. Each tray measured 500 mm by 500 mm
and had a rim height of 100 mm. At the top of the platform, 4 by 4 trays were abutted
together and at the floor, 2 by 3 trays were used. The individual discharge tests were
conducted for two minutes and the amount of water in each tray was determined by
the measurement of the water level at four different positions in each tray. The result
is presented as the mean level (water density) of the four measurement points.

Prior the tests, a review of commercially available extended coverage sprinklers were
undertaken by RISE. Two upright sprinklers with a K-factor of 363 (metric) and 202
was selected for the tests; Tyco model EC-25 and Tyco model EC-14.

The tests showed that the Tyco model EC-25 sprinkler may be installed at a spacing of
4.2 m. For a design density of 10 mm/min, the operating pressure would be around
0.8 bar. A reduction of the spacing to 4.0 m would reduce the required pressure to
around 0.7 bar, which would meet the minimum pressure requirement of 0.5 bar and
would improve the coverage over a freight truck trailer.

The Tyco model EC-14 sprinkler may be installed at a spacing of 5.0 m. For a design
density of 10 mm/min, the operating pressure would be around 3.6 bar. A reduction of
the spacing to 4.2 bar would reduce the required pressure to around 2.6 bar.

An attempt was made to increase the area of coverage of the Tyco model EC-25
sprinkler by a modification of the deflector. A sprinkler spacing of 4.2 m was required
to distribute water on the top of the simulated freight truck trailer. Compared to the
non-modified sprinkler, the discharge density on the top increased with
approximately a factor of 2, but less water was collected in the trays at the floor. To
some extent, it is likely that the wider spray pattern would affect the downward
momentum and water uniformity directly under the sprinkler.

The last tests combined the model EC-14 and the EC-25 sprinklers, which improved
water coverage on the top of the platform as compared to only using Tyco
model EC-25 sprinklers.
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1 Introduction

Fire Research as RISE Research Institutes of Sweden has on request by the STA, the
Swedish Transport Administration (Trafikverket) conducted water distribution tests
with selected large K-factor, extended coverage sprinklers. The objective of the tests
was to determine the water distribution characteristics using different water pressures
and sprinkler spacing. The sprinklers may be used for the protection of the Musko
tunnel and the test set-up simulated a freight truck trailer positioned inside the
tunnel. Furthermore, the test set-up mimicked the actual horizontal distance from one
line of sprinklers installed along the centerline of the tunnel ceiling as well the actual
vertical distance from the deflector of the sprinklers to the top of the freight truck
trailer. The centerline position has been found to be the most optimal position in
relation to activation time [1].

The tests were conducted inside the large fire test hall of RISE in Boras, during
June 2017.

The long-term obijective is to investigate whether an automatic sprinkler system is
feasible in the Muskdé tunnel. This would require additional intermediate- or
large-scale fire sprinkler tests.

2 Musko tunnel

The Muskd tunnel is part of the connection between Muské and the shore and was
opened for traffic on March 15, 1964. Today, approximately 1 300 vehicles pass the
tunnel daily (daily average traffic). The tunnel is 2 912 meter and stretches about 60
meters below the seabed!. Initially, the free height was assumed to be 4.5 m, but
measurements2 conducted in 1988 showed that some parts were less high and the free
height was reduced to 4.2 m.

Prior the water distribution tests, an analysis were undertaken by RISE of recent laser
scan data. The analysis indicates that the mean width of the tunnel is approximately
7.7 m and the mean height approximately 5.2 m. On both sides of the tunnel, there are
sidewalks, approximately 850 mm in width. These figures were used to create an
schematic cross-sectional illustration of the tunnel, with the potential position of a
sprinkler distribution pipe along the length of the tunnel, refer to Appendix 1. In an
ideal case, a single line of sprinklers intended to protect the full width of the tunnel
should be positioned as high as possible, in order to maximize the coverage area and
to minimize the influence of any obstructions (lights fixtures, cable trays, etc.)
positioned entirely below sprinklers. However, in practice it is likely that sprinklers
need to be positioned at a somewhat lesser distance below the peak of the ceiling and
that the water distribution pipe needs to be installed offset the centerline. At a more
probable vertical distance of 300 mm below the ceiling, the vertical distance from the

1*Vag 539, Muskétunneln”, http://www.trafikverket.se/nara-dig/stockholm/projekt-i-
stockholms-lan/vag-539-muskotunneln-/, Senast uppdaterad/granskad: 2016-08-31.
2 http://www.musko.nu/muskotunneln/, 2017-08-21.
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deflector of the sprinkler to the top of a freight truck trailer would be 900 mm, as
illustrated in Appendix 1.

3 Potential sprinklers to be used in
the Musko tunnel

Prior the tests, a review of commercially available extended coverage sprinklers were
undertaken by RISE. The review is summarized in Tables 1 and 2, indicating the make,
the K-factor, the Sprinkler Identification Number (SIN), the type of thermal element
on the sprinkler and the available temperature ratings.

Table 1 Commercially available upright extended coverage sprinklers.
Make K-factor [metric] SIN Zreen:r;‘r?tl A\/rzzltl?nb;: E?g} P-
Tyco 363 TY9128 Fast response link 74 and 100
Viking 363 VK592 Fast response link 74 and 100
Tyco 202 TY6137 3 mm glass bulb 57, 68, 79, 93, 141
Viking 202 VK570 3 mm glass bulb 57, 68,79, 93, 141
RASCO 202 R6553 Fast response link 74 and 100
Victaulic 202 V3425 3 mm glass bulb 57,68, 79, 93
Table 2 Commercially available pendent extended coverage sprinklers.
Make K-factor [metric] SIN -Ie—:]eer:]?:tl A\/rz;::ialnbg;: Efg]] P-
RASCO 363 RA0842 Fast response link 74 and 100
Tyco 202 TY6237 3 mm glass bulb 57, 68,79, 93, 141
Viking 202 VK572 3 mm glass bulb 57, 68,79, 93, 141
RASCO 202 R6043 Fast response link 74 and 100
Victaulic 202 V3421 3 mm glass bulb 57,68, 79, 93

The review shows that there are two commercially available upright extended
coverage sprinklers having a K-factor of 363 and four sprinklers with a K-factor of
202. There is one commercially available pendent extended coverage sprinkler having
a K-factor of 363 and four sprinklers with a K-factor of 202.

Preferably, sprinklers used for the Musko tunnel should have a large K-factor, in order
to reduce the operating pressure. It is also preferable that the sprinklers are upright
orientated sprinklers, in order to be positioned closer to the ceiling than would
pendent sprinklers. Therefore, the water distribution tests focused on upright
sprinklers.

The upright K363 sprinklers in the list are intended for warehouse protection. These
sprinklers offer a maximum coverage area of 196 ft2 (18.2 m2), which is almost double
the area offered by standard coverage sprinklers used for similar applications. The
maximum coverage area corresponds to a maximum sprinkler spacing of 4.3 m.

The upright K202 sprinklers in the list are intended for light- or ordinary hazard
applications. These sprinklers are intended for use in accordance with NFPA 13 for a
maximum coverage area of 400 ft2 (37.2 m2), as compared to the maximum coverage
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area of 130 ft2 (12.1 m?2) for standard coverage sprinklers used in ordinary hazard
occupancies or 225 ft2 (20.6 m?) for standard coverage sprinklers used in light hazard
occupancies. The maximum allowed coverage area of corresponds to a maximum
sprinkler spacing of 6.1 m.

4  Water flow rate and operating
pressure requirements

Given that the mean width of the tunnel is approximately 7.7 m, the area of coverage,
the corresponding water flow rate and the corresponding operating pressure was
calculated given a sprinkler spacing of 4.2 m, 4.6 m and 5.0 m, respectively and for
three different design densities; 5mm/min, 7.5mm/min and 10 mm/min,
respectively.

Table 3 shows the results for K363 sprinklers.

Table 3 The area of coverage, the water flow rate and the operating pressure for
K363 sprinklers if used in the Muskd tunnel.
K-factor Tunnel Sprin_kler Area of Desi(::]n COVE;iZ?C;FO?,:/ng Correspo_nding
metric) w0000 | opersoe | ey | e | cperete
[liter/min]
363 7.7 4.2 32.3 162 0.20
363 7.7 4.6 35.4 177 0.24
363 7.7 5.0 38.5 193 0.28
363 7.7 4.2 32.3 7.5 243 0.45
363 7.7 4.6 35.4 7.5 266 0.54
363 7.7 5.0 38.5 7.5 289 0.63
363 7.7 4.2 32.3 10 323 0.79
363 7.7 4.6 35.4 10 354 0.95
363 7.7 5.0 38.5 10 385 112

For a K363 sprinkler the area of coverage is significantly larger than the maximum
allowed, although it is regarded that the smallest spacing match the minimum
required spacing of 4.3 m well. The calculation shows that the required operating
pressure is reasonably low even at a design density of 10 mm/min. It also is noted that
the minimum required operating pressure of 0.5 bar is undershot at a design density
of 5 mm/min and at a design density of 7.5 mm/min for the 4.2 m spacing.

Table 4 shows the results for K202 sprinklers.
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Table4  The area of coverage, the water flow rate and the operating pressure for
K202 sprinklers if used in the Muskd tunnel.

K-factor Tunnel Sprin!der Area of Design CO\LZZ??FO%\'IHQ Correspo!ﬁding
metri] wiatn )| PR | COprse | sersw | e | cperete
[liter/min]
202 1.7 4.2 32.3 5 162 0.64
202 1.7 4.6 35.4 5 177 0.77
202 7.7 5.0 38.5 5 193 0.91
202 1.7 4.2 32.3 7.5 243 1.44
202 7.7 4.6 35.4 7.5 266 1.73
202 7.7 5.0 38.5 7.5 289 2.04
202 1.7 4.2 32.3 10 323 2.56
202 7.7 4.6 35.4 10 354 3.07
202 7.7 5.0 38.5 10 385 3.63

For a K202 sprinkler the area of coverage is below or slightly larger than the
maximum allowed, which from that perspective make the sprinkler an interesting
option. The calculations shows that the minimum operating pressure is not undershot
at any of the design options. However, for a design density of 10 mm/min the required
operating pressures are from a practical perspective high, but probably not critically
high.

5 The test set-up

The test set-up was designed to simulate a freight truck trailer positioned close to a
sidewalk in the tunnel, as shown in Appendix 2. The rationale is that a freight truck
fire would be parked as far as possible to the side of the road by an alert driver. A
platform with a horizontal plane that measured 5000 mm (L) by 2600 mm (W) was
constructed. However, for practical reasons the width of the platform was extended
400 mm in to the “sidewalk”. The top edge of the trays at the top of the platform was
positioned 4000 mm above floor level. The width and height represents the maximum
allowed geometry of a freight truck trailer in Sweden.

The water discharge densities were measured at the top of the platform and at floor
level, with a total of 22 water collector trays. Each tray measured 500 mm by 500 mm
and had a rim height of 100 mm. At the top of the platform, 4 by 4 trays were abutted
together and at the floor, 2 by 3 trays were used.

The individual discharge tests were conducted for two minutes and the amount of
water in each tray was determined by measuring the water level at four different
positions in each tray. The result is presented as the mean level (water density) of the
four measurement points.

A piping arrangement was fabricated consisting of one DN50 (2") pipe with
connections for sprinklers at an optional spacing of 4.2 m, 46 m and 5.0 m,
respectively, i.e. a coverage area of between 32.3 m? and 38.5 m?, based on the
assumed width of the tunnel. The pipe was secured in two parallel grid beams and
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water was fed from two directions using a fire hose with a diameter of 76 mm,
connected to the public main via a pump. The system was fitted with a pressure
transducer installed in the pipe between the two sprinklers and a flow meter was
installed directly after the pump. The test set-up is shown in Figure 1.

Figurel The test set-up, with the platform that simulated the freight truck trailer
and the sprinkler pipe positioned at the centerline of an imaginary
tunnel. The water distribution was measured with trays positioned at the
top of the platform as well as on the floor. Imaginary sidewalks and the
outer boundary of the tunnel are drawn on the floor.

For each of the sprinkler test set-ups, a maximum water flow rate test was conducted,
at the maximum possible pressure obtained with the pump. This test was conducted to
visually verify that the water spray pattern remained unaffected and did not ‘collapse’
due to a high pressure. For these tests, the water distribution was not measured.

6  The sprinklers used in the tests

Two commercially available sprinklers were tested:

e Tyco model EC-25 (SIN TY9128) with a K-factor of 363. The sprinkler is aan
upright extended coverage sprinkler for warehouse protection and is available with
a temperature rating of 74°C and 100°C. The sprinkler is fitted with a solder link
that was removed prior the tests.

e Tyco model EC-14 (SIN TY6137) with a K-factor of 202. The sprinkler is aan
upright extended coverage sprinkler for use in light or ordinary hazard
occupancies and is available with a temperature rating of either 57°C, 68°C, 79°C,
93°C or 141°C. The sprinkler is fitted with a glass bulb that was removed prior the
tests.

© RISE Research Institutes of Sweden
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The sprinklers are shown in Figure 2.

“‘!
W

||H|
Tt

Figure2 The Tyco model EC-25 (left) and Tyco model EC-14 extended coverage
sprinklers used in parts of the tests.

During the test series, it was concluded that a wider water distribution pattern was

desired. Therefore, the deflector of the Tyco model EC-25 sprinkler was modified by

pressing the deflector between a piece of steel pipe and a steel plate. The intent was to

provide a more flat profile of the deflector, see figure 3.

l

Figure 3  The modification of the deflector of the Tyco model EC-25 sprinkler (left)
and the result (right). The modified sprinkler is shown to the left.
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7 Results

The results are summarized below. All measurement data is given in Appendix 3.

7.1  Tyco model EC-25 sprinklers

The first series of tests was conducted using the Tyco model EC-25 sprinkler, refer to
Table 5.

Table 5 A summary of the test results using the Tyco model EC-25 sprinkler.

Mean
Water density in Mean
. Water . density in .
Sprinkler ress- flow Spacin Nominal the trays the trays Comments regarding the
Test | K-factor pure rate p[m] 9 density at the top on thg water distribution on and over
[metric] [bar] per spr [mm/min] of the floor the simulated trailer

1/min latform .

fi/mind [mm/eming | Imm/min

Very little water in the trays,
1.1 363 0.56 266 4.6 75 1.4 9.2 due to the narrow discharge
pattern of the sprinkler.

Only water in the two rows of
tray closest to the sprinklers.

1.2 363 0.56 266 4.2 8.2 3.1 9.5 Mean for row 1 and 2:

6.3 mm/min

Only water in the two rows of
13 363 0.95 354 4.2 10.9 45 8.6 tray closest to the sprinklers.

Mean for row 1 and 2:
8.8 mm/min

The spray pattern remained
unaffected by the higher

1.4 363 4.3 760 4.2 235 - - pressure. It was observed that
water did not reach beyond the
simulated roof.

At a horizontal spacing of 4.6 m, very little water was collected in the trays at the top
of the platform. When the spacing was reduced to 4.2 m, water was collected in the
two rows of trays closest to the sprinklers, but no water reached the two furthest rows
of trays. The mean density in the two rows of trays closest to the sprinklers was
6.3 mm/min, as compared to a nominal density of 8.2 mm/min. When the water
pressure was increased from 0.56 bar to 0.95 bar, the mean density in these trays
increased to 8.8 mm/min, as compared to a nominal density of 10.9 mm/min, refer to
figures 4 and 5, respectively.
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Figure4 Test 1.2: The water spray pattern of the Tyco model EC-25 sprinkler at a
pressure of 0.56 bar and a spacing of 4.2 m. The water flow rate per
sprinkler was 266 liter/min.

—= =

Figure5 Test 1.3: The water spray pattern of the Tyco model EC-25 sprinkler at a
pressure of 0.95 bar and a spacing of 4.2 m. The water flow rate per
sprinkler was 354 liter/min.

© RISE Research Institutes of Sweden
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For all three tests, the measured discharge density on the floor was reasonably similar
to the nominal density.

When the water pressure was increased to the maximum limit of the pump it was
visually verified that the spray pattern remained unaffected, refer to figure 6.

Figure 6 Test 1.4: The water spray pattern of the Tyco model EC-25 sprinkler at
the maximum pressure of 4.2 bar obtained with the pump. The water
flow rate per sprinkler was 760 liter/min.

7.2  Tyco model EC-14 sprinklers

The second series of tests was conducted using the Tyco model EC-14 sprinkler, refer
to Table 6.

Table6 A summary of the test results using the Tyco model EC-14 sprinkler.

Mean Mean
Water density in density in
Sprinkler | Water | fiow Spaci Nominal the trays the t Y Comments regarding the
Test | K-factor p[ﬁzs' rate p[ar::]l]ng density at the top 0?1 :sgs water distribution on and over
[metric] [bar] per spr [mm/min] of the floor the simulated trailer
[1/min] platform .
[mm/min] [mm/min]
The spray pattern remained
21 202 6.8 522 4.2 16.1 - - unaffected by the higher
pressure.
22| 202 07 | 162 42 5.0 6.6 47 | Water concentrated in the
middle.
23 202 18 266 4.2 8.2 104 78 Relatively uniform distribution
of water.
24 202 3.2 354 4.2 10.9 14.0 13.1 Uniform distribution of water.
25 202 0.7 162 50 4.2 55 46 Relatively uniform distribution
of water.
2.6 202 3.2 354 5.0 9.2 13.2 12.8 Uniform distribution of water.
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The design of this sprinkler results in a larger coverage area, which was verified by
improved water distribution on the top of the platform. The mean desired density of
10 mm/min was recorded or exceeded at a pressure of 3.2 bar when the spacing was
4.2m and at a pressure of 3.2 bar when the spacing was 5.0 m. Figures7 and 8,
respectively, shows the water distribution at the spacing of 5.0 m.

Figure7 Test 2.5: The water spray pattern of the Tyco model EC-14 sprinkler at a
pressure of 0.7 bar and a spacing of 5.0 m. The water flow rate per
sprinkler was 162 liter/min.
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Figure8 Test 2.6: The water spray pattern of the Tyco model EC-14 sprinkler at
a pressure of 3.2 bar and a spacing of 5.0 m. The water flow rate per
sprinkler was 354 liter/min.

When the water pressure was increased to the maximum limit of the pump it was
visually verified that the spray pattern remained unaffected, see figure 9.
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Figure9 Test 2.1: The water spray pattern of the Tyco model EC-14 sprinkler at
the maximum pressure of 6.8 bar obtained with the pump. The water
flow rate per sprinkler was 520 liter/min.

7.3  Modified Tyco model EC-25 sprinklers

The third series of tests was conducted using the modified Tyco EC-25 sprinkler, refer
to Table 7.

Table 7 A summary of the test results using the modified Tyco model EC-25

sprinkler.
Mean Mean
Water density in density in
Sprinkler | Water | flow Spacin Nominal | the trays the trZ < Comments regarding the
Test | K-factor press- rate p g density at the top Y water distribution on and
. ure [m] : on the . R
[metric] [bar] per spr [mm/min] of the floor over the simulated trailer
[1/min] platform [mm/min]
[mm/min]
27| 363 | 095 | 354 | 50 9.2 48 65 | Oniythefirstrowhadagood
coverage of water.
Non-uniform distribution and
2.8 363 0.95 354 4.2 10.9 9.0 5.7 water concentrated to rows 1
and 2.
Almost no water in rows 3 and
2.9 363 0.56 266 4.2 8.2 5.9 4.9 4. Mean for row 1 and 2:
10.8 mm/min
The spray pattern remained
2.10 363 5.7 835 4.2 25.8 - - unaffected by the higher
pressure.
211 363 52 485 4.2 15.0 11.6 7.3 Non-uniform distribution.

The first test was conducted using 5.0 m spacing, however, water did only reach to the
first row of trays on the top. For the second test, the spacing was reduced to 4.2 m,
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maintaining the water flow rate, but the water distribution was non-uniform and
concentrated to rows 1 and 2.

For the third test, the 4.2 m spacing was kept and the water flow rate reduced. This
did not increase the coverage area, but reduced the water density accordingly.

When the water pressure was increased to the maximum limit of the pump it was
visually verified that the spray pattern remained unaffected. For the last test, the
water density at a high pressure was measured, see figure 10.

Figure 10 Test 2.8: The water spray pattern of the modified Tyco model EC-25
sprinkler at a pressure of 0.95 bar and a spacing of 4.2 m. The water
flow rate per sprinkler was 354 liter/min. The modification of the
sprinkler deflector provided improved coverage on the top of the
platform but a reduced discharge density on the floor.
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7.4

sprinklers

In the fourth series of tests, the model EC-14 and the EC-25 sprinklers were combined,
refer to Table 8.

20

Combined Tyco model EC-25 and EC-14

Table 8 A summary of the test results when combining the EC-14 and EC-25
sprinklers.
Mean
Total density in d I:T/Iei?nin
Sprinkler | Water | water Spacin Nominal the trays tEeStr;/ < Comments regarding the
Test | K-factor press- flow P g density at the top Y water distribution on and over
R ure [m] ? on the X .
[metric] [bar] rate [mm/min] of the floor the simulated trailer
[1I/min] platform [mm/min]
[mm/min]
2.12 2024?363 1.7 708 4.2 10.9 10.4 6.2 A bit more water to the right.
(modified)
2.13 | 202+363 1.7 708 4.2 10.9 8.4 8.6 Less water in row 4.

It should be noted that the total water flow rate is given in the table. The flow rate of
the model EC-14 sprinkler was approximately 250 liter/min and flow rate of the model
EC-25 sprinkler approximately 460 liter/min.

In the first test, the EC-14 sprinkler and the modified EC-25 sprinkler was combined
which resulted in a mean density of 10.4 mm/min in the top trays. The combination of
the EC-14 sprinkler and the non-modified EC-25 sprinkler resulted in less water in the
top trays but more water in the trays at floor level. Figure 11 shows the combination of
the EC-14 sprinkler and the non-modified EC-25 sprinkler.
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Figure 11 Test 2.13: The water spray pattern of the combined non-modified Tyco
model EC-25 (the furthermost sprinkler) and Tyco model EC-14 sprinkler
at a pressure of 1.7 bar and a spacing of 4.2 m. The total water flow rate
was 708 liter/min.

8 Discussion

It should be understood that the tested extended coverage sprinklers represents
sprinkler technology for other type of fire hazards than expected in the Musko tunnel.
The Tyco model EC-25, which is intended for warehouse protection, incorporates a
larger K-factor that delivers large, high-momentum water droplets to penetrate the
fire plume. The Tyco model EC-14 sprinkler is designed for light- or ordinary hazard
applications, which allows for a larger coverage area and a lighter discharge directly
under the sprinkler. The smaller K-factor and higher operating pressure of this
sprinkler would results in relatively smaller water droplets.

The visual difference of the spray patterns of these sprinklers are well illustrated by
the photos in the report.

8.1 Tyco model EC-25 sprinklers

The Tyco model EC-25 sprinkler is an upright extended coverage sprinkler for
warehouse protection, with a maximum coverage area of 196 ft.2 (18.2 m2). The
sprinkler was tested at a spacing of 4.6 m and 4.2 m, respectively. At the larger
spacing, very little water was collected in the trays at the top of the platform. When the
spacing was reduced to 4.2 m, water was collected in the two rows of trays closest to
the sprinklers, but relatively little water reached to the two rows of trays positioned
further away on top of the simulated freight truck trailer.

For the Muskd tunnel, the sprinkler may be installed at a spacing of 4.2 m. For a
design density of 10 mm/min, the operating pressure would be around 0.8 bar. A
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reduction of the spacing to 4.0 m would reduce the required pressure to around
0.7 bar, which would meet the minimum pressure requirement of 0.5 bar. This
reduction in spacing would to some degree improve the water coverage on the top of a
freight truck trailer.

8.2 Tyco model EC-14 sprinklers

The Tyco model EC-14 sprinkler is intended for light- or ordinary hazard applications
at a maximum coverage area of 400 ft2 (37.2 m?2). The sprinkler provided a uniform
spray pattern where the mean density measured in trays at the top of the simulated
freight truck trailer was reasonably similar to the mean density measured in the trays
at the floor. It should, however, be noted that the discharge (not measured) directly
under the sprinkler is less. The measured densities where comparable to the nominal
density, i.e. the calculated density based on the water flow rate and area of coverage of
the sprinkler. The results are in line with the wider spray pattern of this particular
sprinkler.

For the Muskd tunnel, the sprinkler may be installed at a spacing of 5.0 m. For a
design density of 10 mm/min, the operating pressure would be around 3.6 bar. A
reduction of the spacing to 4.2 bar would reduce the required pressure to around
2.6 bar.

8.3 Modified Tyco model EC-25 sprinklers

An attempt was made to increase the area of the coverage of the Tyco model EC-25
sprinkler by a modification of the deflector. A sprinkler spacing of 4.2 m was required
to distribute water on the top of the simulated freight truck trailer. Compared to the
non-modified sprinkler, the discharge density on the top increased with
approximately a factor of 2, but less water was collected in the trays at the floor. To
some extent, it is likely that the wider spray pattern would affect the downward
momentum and water uniformity directly under the sprinkler.

8.4 Combined Tyco model EC-25 and EC-14
sprinklers

When combining the model EC-14 and the EC-25 sprinklers, improved water coverage
on the top of the platform was achieved as compared to only using the Tyco model
EC-25 sprinkler.

9] Conclusion

An investigation of suitable commercially available extended coverage sprinklers for
use in the Muské tunnel has been made. The objective is to install a single line of
automatic sprinklers at the centerline of the ceiling. An adequate sprinkler coverage
would require that sprinklers are positioned close to the peak of the ceiling. A short
vertical distance from the sprinklers and the ceiling is also essential for proper
thermal activation. These requirements are best met by the use of upright sprinklers.

A market study shows that K363 and K202 upright sprinklers are available from
several sprinkler manufacturers and two sprinklers manufactured by Tyco Fire
Protection Products were selected for water distribution tests. The mean width and
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height of the Muskd tunnel was determined based on a laser scan of the tunnel and a
generic cross-sectional drawing was established. Based on this generic drawing, a
water distribution test set-up was designed to simulate a freight truck trailer
positioned close to a sidewalk in the tunnel.

The tests show the tested K363 extended coverage upright sprinkler (Tyco model
EC-25) require a sprinkler spacing of equal or less than 4.2 m in order to obtain some
degree of water distribution on the top of a freight truck trailer positioned offset in the
tunnel. For an actual installation, a sprinkler spacing of 4.0 m is recommended to
account for the fact that full coverage of the freight truck trailer was not achieved at
the tested 4.2 m spacing. A density of 10 mm/min requires an operating pressure of
around 0.7 bar at this particular spacing.

The tested K202 extended coverage upright sprinkler (Tyco model EC-14) provided a
wider water discharge pattern, with a proper water distribution on the top of a freight
truck trailer positioned offset in the tunnel at a sprinkler spacing up to 5.0 m. For an
actual installation, a K202 sprinkler designed for a density of 10 mm/min require an
operating pressure of around 3.6 bar at this particular spacing.

Additional tests indicate that a modification of the deflector of a K363 extended
coverage upright sprinkler may provide a wider water discharge pattern, but the
downward momentum and water uniformity directly under the sprinkler is affected.
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Appendix 3: Water distribution
measurement data

Color pattern:

<2,4 mm/min

2,5 - 4,9
mm/min
5,0 - 9,9
mm/min

>10,0 mm/min

Tyco model EC-25 sprinklers

The first series of tests was conducted using the Tyco model EC-25 sprinkler.

Test 1:1 flow 266 I/min, spacing 4,6 m

Platform mm/min Floor mm/min
0,0 0,0 0,0 0,0 9,2 9,2
0,0 0,0 0,0 0,0 7,4 6,0
1,9 0,2 0,3 1,0 7.4 5,4
9,3 0,5 1,4 8,4 Mean 7,4
Mean 14 Median 7,4
Median 0,1

Test 1:2 flow 266 I/min, spacing 4,2 m

Platform mm/min Floor mm/min
0,0 0,0 0,0 0,0 9,9 9,2
0,0 0,0 0,0 0,0 8,6 8,6
3,4 25 1,9 4,0 8,9 11,9
15,8 2,9 2,8 16,9 Mean 9,5
Mean 3,1 Median 9,1

Median 0,9
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Test 1:3 flow 354 I/min, spacing 4,2 m

Platform mm/min Floor mm/min
0,0 0,0 0,0 0,0 9,3 8,5
0,1 0,3 0,5 0,5 7,4 8,0
5,4 7,1 6,6 6,4 7,9 10,7
18,3 4,3 3,4 19,4 Medel 8,6
Mean 4,5 Median 8,3
Median 2,0

Tyco model EC-14 sprinklers

The second series of tests was conducted using the Tyco model EC-14 sprinkler.

Test 2:2 flow 162 I/min, spacing 4,2 m

Platform mm/min Floor mm/min
0,9 4,3 2,1 2,9 53 4,6
5,4 9,3 9,0 4,5 5,0 4,2
8,3 12,4 10,4 5,8 53 3,7
8,5 3,5 55 12,8 Medel 4,7
Medel: 6,6 Median 4,8
Median 5,6

Test 2:3 flow 266 1/min, spacing 4,2 m

Platform mm/min Floor mm/min
6,4 9,9 8,3 8,6 7,0 8,3
11,1 14,6 14,1 11,1 7,8 8,1
10,5 15,1 13,6 8.1 8,5 6,9
10,1 3,8 6,4 14,0 Medel 7,8
Medel: 10,4 Median 8,0
Median 10,3
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Test 2:4 flow 354 I/min, spacing 4,2 m

Platform mm/min

9,0 13,8 13,1 12,1
11,0 21,6 22,5 12,6
13,6 19,5 19,3 12,6
12,0 51 8,9 17,5
Medel: 14,0
Median 12,9

Floor mm/min

9,9 12,5
13,9 13,8
16,5 12,3
Medel 13,1
Median 13,1

Test 2:5 flow 162 I/min, spacing 5,0 m

Platform mm/min

4,3 2,1 3,0 2,1
7,1 8,4 6,6 4,5
7.4 6,4 7,3 7,0
4,3 4,0 7,3 6,5
Medel: 5,5

Median 6,4

Floor mm/min

4,5 4,5
4,6 4,3
6,1 3.4
Medel 4,6
Median 4,5

Test 2:6 flow 354 I/min, spacing 5,0 m

Platform mm/min

11,0 18,9 14,8 4.4

17,4 23,3 16,9 9,1

11,9 9,8 13,9 18,6
11,5 10,3 9,6 9,6

Medel: 13,2

Median 11,7

Floor mm/min

10,9 13,1
12,8 13,4
15,4 11,4
Medel 12,8
Median 12,9
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Modified Tyco model EC-25 sprinklers

The third series of tests was conducted using the modified Tyco EC-25 sprinkler.

Test 2:7 flow 354 1/min, spacing 5,0 m

Platform mm/min Floor mm/min
0,1 0,0 0,1 1,1 8,3 7,2
1,1 0,5 1,0 2,1 6,5 6,0
10,0 1,8 5,6 11,4 5,8 5,4
12,3 9,6 7,3 12,1 Medel 6,5
Medel: 4,8 Median 6,3
Median 1,9

Test 2:8 flow 354 1/min, spacing 4,2 m

Platform mm/min Floor mm/min
0,1 0,0 2,4 9,1 6,3 5,5
3,4 3,9 2,6 12,9 5,8 5,0
8,1 27,1 12,5 5,1 59 5,6
17,0 9,0 18,8 11,8 Medel 5,7
Medel: 9,0 Median 5,7
Median 8,6

Test 2:9 flow 266 I/min, spacing 4,2 m

Platform mm/min Floor mm/min
0,0 0,0 0,0 1,3 53 5,0
0,4 0,3 0,4 5,8 5,0 4,5
8,5 7,8 9,1 11,3 5,0 4,9
16,8 7,9 14,3 10,9 Medel 4,9
Medel: 5,9 Median 5,0
Median 6,8
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Test 2:11 flow 485 I/min, spacing 4,2 m

Platform mm/min Floor mm/min
0,6 0,0 5,6 13,8 7,6 7,0
4,3 13,9 3,5 15,9 7,8 6,0
12,0 39,5 16,0 59 7,3 8,0
21,6 11,3 5,9 15,4 Medel 7,3
Medel: 11,6 Median 7,4
Median 11,6

Combined Tyco model EC-25 and EC-14
sprinklers

In the fourth series of tests, the model EC-14 and the EC-25 sprinklers were combined.

Test 2:12 flow 354 I/min, spacing 4,2 m

Platform mm/min Floor mm/min
2,1 2,4 5,5 10,3 8,4 6,3
5,0 11,6 9,5 14,3 6,3 5,8
6,9 16,8 20,6 9,4 4,9 6,0
14,6 9,1 10,5 17,6 Medel 6,2
Medel: 10,4 Median 6,1
Median 9,9

Test 2:13 flow 354 I/min, spacing 4,2 m

Platform mm/min Floor mm/min
1,9 2,3 4.4 1,0 10,3 10,0
4.4 7,9 7,1 7,8 8,3 8,3
7,4 10,9 13,8 11,0 5,9 9,1
13,0 6,5 9,6 25,0 Medel 8,6
Medel: 8,4 Median 8,7
Median 7,6
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Through our international collaboration programmes with academia, industry, and
the public sector, we ensure the competitiveness of the Swedish business community
on an international level and contribute to a sustainable society. Our 2,200
employees support and promote all manner of innovative processes, and our roughly
100 testbeds and demonstration facilities are instrumental in developing the future-
proofing of products, technologies, and services. RISE Research Institutes of Sweden
is fully owned by the Swedish state.

| internationell samverkan med akademi, naringsliv och offentlig sektor bidrar vi till
ett konkurrenskraftigt naringsliv och ett hallbart samhalle. RISE 2 200 medarbetare
driver och stoder alla typer av innovationsprocesser. Vi erbjuder ett 100-tal test- och
demonstrationsmiljoer for framtidssdkra produkter, tekniker och tjanster. RISE
Research Institutes of Sweden &gs av svenska staten.
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