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Performance of the ducted silencers
FVS 200-1000

FVS 200-600

FVS 200-300

Requested by Flexovent OU
Mart Petermann
Kadaka tee 70a
12618, Tallinn
ESTONIA
mart.petermann@flexovent.ee

Order ref. Mart Petermann, 20.12.2021, EF4APT210087-03

Contact person Eurofins Expert Services Oy
Pekka Kettunen
Tekniikantie 4B
02150 Espoo
tel. +358 40 159 6471
PekkaKettunen@eurofins.fi

Assignment Determination of the performance of the ducted silencer FVS 200-1000/600/300

Sample details The customer delivered the silencer, the specifications of which are in
appendix 1.

Samples were received 5.1.2022.
Measurements were carried out 2.2.2022.

Methods Total pressure loss measurements, flow noise measurements and insertion loss
measurements were carried out according to ISO 7235:2003 /1/. Description of
the test facility is presented in appendix 2.

Air flow rates were measured according to ISO 5167-1:2003 and I1SO 5167-
2:2003 /2/ using orifice plates with corner tappings.

FINAS Finnish Accreditation Service has accredited our laboratory (T001) to
perform measurements according to standards ISO 7235:2003, ISO 5167-1:2003
and I1SO 5167-2:2003. Other measurements mentioned in this test report do not
belong to the field of accreditation.
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Results Measurement results are presented in appendix 3-5. Measurement results are
valid only for the tested samples.

Instruments used in measurements are presented in appendix 6.

References /1/1S0O 7235:2003. Acoustics - Laboratory measurement procedures for ducted
silencers and air-terminal units - Insertion loss, flow noise and total pressure loss.

12/ 1SO 5167-1:2003. Measurement of fluid flow by means of pressure differential
devices inserted in circular cross-section conduits running full. Part 1: General
principles and requirements.

ISO 5167-2:2003. Measurement of fluid flow by means of pressure differential
devices inserted in circular cross-section conduits running full. Part 2: Orifice
plates.

Espoo, 3.2.2022

Pello Verranemn —

Pekka Kettunen Mika Hurme
Expert Expert

Appendices 6
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Ducted silencer: FVS 200-1000/600/300
Description of the sample
ISO 7235:2003

Symbols and units FVS 200-1000 | FVS 200-600 FVS 200-300 | Substitution duct
Type Ducted silencer Spiral duct
Diameter of the inlet and outlet sections @d, mm 200 200
Width a, mm 300 -
Height b, mm 255 -
Length L, mm 1000 600 300 1000/ 600 / 300
Mass, kg 10.63 7.15 4.38 -
Thickness of steel duct material, mm 0.7 0.7
Direction of flow determined no no
Direction of insertion loss no no
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Ducted silencer: FVS 200-1000/600/300

Test facility

ISO 7235:2003

L, L, L L, L,
I
Reverberation
room
— —
1 2. 3 4. 5

Components: Symbols and units Length

1. Transition @1600 / $200 L,, mm 5420

2. Duct @200 L,, mm 2000

3. Silencer L, mm 300/ 600/ 1000

4. Duct #200 L,, mm 3000 /2500 /2500

5. Transition 3200 / #1250 L;, mm 4100

Total lenght of measurement duct 14820/ 14620/ 15020

Volume of the reverberation room is 298 m?.

Microphone location in the reverberation room

/ Symbol Unit | Distance
door L. m 2.0
Ly, m 3.6
h, m 2.7
o, L= L, m 3.7
o, L, m 2.1
h, m 2.6
Ly
Ly, L m 4.0
Lxl
Q. L m 4.1
Connection of hy m 3.9
the duct Ly
% /2
Symbols and units
L, Distance from wall, m
L, Distance from wall, m
h Distance from floor, m
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Ducted silencer: FVS 200-1000/600/300
Test facility
ISO 7235:2003

Volume of the reverberation room: 298 m?

Reverberation time T of the reverberation room and the transmission coefficient t of the
measurement duct transmission element @ 200.

Symbol | Unit T Symbol |  Unit T
Ts S 5.15 Ts0 - 0.890
Te3 ] 5.51 T63 - 0.949
Tgo S 3.82 Tgo - 0.971
Tioo ] 3.85 T100 - 0.987
Tias S 6.28 Ti2s - 0.997
Tis0 S 5.19 Ti60 - 0.997
Tso0 s 5.72 T200 - 0.997
Tss0 S 5.25 Tas0 - 0.997
T35 ] 5.71 315 - 0.997
Ta00 S 421 T400 - 0.997
Ts00 S 5.17 T500 - 0.997
Te30 s 4.43 T630 - 0.997
Ts00 s 5.44 T800 - 0.997

T1000 ] 5.68 T1000 - 0.997
Tias0 S 4.94 T1250 - 1.000
Ti600 S 4.14 Ti600 - 1.000
Ta000 ] 3.91 T2000 - 1.000
Tas00 s 3.11 T500 - 1.000
T3150 ] 2.39 T3150 - 1.000
T4000 S 2.06 T4000 - 1.000
Ts000 s 1.62 T5000 - 1.000
Te300 ] 1.30 T6300 - 1.000
Tgo00 s 1.03 T3000 - 1.000
T 10000 ] 0.69 T10000 - 1.000

Transmission coefficient t has not been measured at frequencies below 50 Hz.

Symbols and units
Tso..10000 Reverberation time, s
T50...10000 Transmission coefficient, -
50...10000 Centre frequency of one-third octave band, Hz
N2
ilam FINAS The results are only valid for the tested sample(s).
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Ducted silencer: FVS 200-1000/600/300
Limiting insertion loss of the test facility
ISO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 15020 mm
80
Symbol Unit D
D /30et50 dB 58.0 75 /\
D dB 56.0 pAaRn
1/30ct63 . 70
D1 /30c80 dB 61.5 /\
65 ’\\‘ \
D1 j30ct100 dB 61.5 / \
@ )
D1 j30ct125 dB 66.0 5 60 ] /
D1 j30ct160 dB 64.0 é 55 \4 \
D 30¢1200 dB 69.5 % \\
D 30c1250 dB 71.5 g \
g —o
Dijoc315 dB 74.0 Ig 45
D 30ct400 dB 72.0 3 “
D1 30ct500 dB 71.0
D 30et630 dB 70.0 35
D /30e1800 dB 63.0 30
D1 30ct1000 dB 59.5 X
5
D1 j30ct1250 dB 60.0
D1 30ct1600 dB 65.5 20
D /30¢12000 dB 66.5 s
D /30e12500 dB 68.0
Dij30e3150 dB 64.0 10
D1 /30c14000 dB 59.5 5
D 130ct5000 dB 57.5 .
D /30et6300 dB 51.5 %$%§§§§§£§§§§§§§§§§§§§§§
D1/300t8000 dB 46.5 Centre frequency of one third octave band, Hz
D /30ct10000 dB 46.0
Symbols and units
D1 30¢t50...10000 Insertion loss in one-third octave bands, dB
50...10000 Centre frequency of one third octave band, Hz
N2
S 7
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Ducted silencer: FVS 200-1000/600/300
Limiting insertion loss of the test facility
ISO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 15020 mm
80 -
Symbol |  Unit D 751
Docies dB 58 70 H\
Doctas dB 64 65 1 PN
Dowso | dB 72 60 .// h \\
Doeis00 dB 71 » N
Docon | 4B | 61 5 .
Dooors | dB | 67 £
Docao00 dB 60 ‘g‘% j: ]
Docsooo | dB 48 i 30 |
= 201
s
10
5
Centre frequency of the octave band, Hz
Symbols and units
Dyets3 3000 Insertion loss in octave bands, dB
63...8000 Centre frequency of octave band, Hz
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Insertion loss in one-third octave bands

ISO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 1000 mm
50
Symbol Unit Di ]
] —4
Dl/3oct50 dB 1 \
45 \
Di30ci63 dB 9 ] \
Dyj30ct80 dB 16 ] 4 \
Dijoctioo | dB 13 ]
Dl/3oct125 dB 9 1
D s30ct160 dB 11 3
D1 /30c1200 dB 13 ]
D 30ct250 dB 22 . 30 / \
Disoesis | dB 23 ] \
2 ]
D 30ct400 dB 25 Y
D300 dB 29 5 ]
1/30¢t500 E ] / \
Dieso | dB 35 o /
Dysoesoo | dB 41 ] /
D 30et1000 dB 45 ] 2 / f
Dieerizso | dB 47 a \
Dieteno | dB 47 : \
D1 /30ct2000 dB 44 01 \//
D) 30e12500 dB 42 4/
D 30e13150 dB 35 5]
D 30ct4000 dB 29
D 30ct5000 dB 22 0 |
Dy jseeiszoo | dB 20 RBRESERRI§REEEREEETEEEES
D 30e18000 dB 20 Centre frequency of one-third octave band, Hz
D 30et10000 dB 17
Symbols and units
Di Insertion loss, dB

D1/30c150.u 10000

50...10000
Uz
SN2,
X Z
jacws FINAS
é/fa\f Finnish Accreditation Service
"/,,,m\\\\\\ T001 (EN ISO/IEC 17025)

Insertion loss in one-third octave bands, dB

Centre frequency of one-third octave band, Hz
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Ducted silencer: FVS 200-1000

Insertion loss in octave bands

ISO 7235:2003

Diameter of the inlet and outlet sections:
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50 1
45

40

Insertion loss, dB

35 1
30 1
25 1

20 1

200 mm
1000 mm

[3e) vy =3 (=3 (=3 (=3 (=3 (=3
= o vy =3 =4 =3 =4 =3
- o el = =3 =3 =3

- N < 3

Centre frequency of octave band, Hz

Insertion loss in octave bands, dB

Centre frequency of octave band, Hz

The results are only valid for the tested sample(s).

This report may be published in its entity, parts of it only with a written permission by Eurofins

Length:
Symbol | Unit Di
D63 dB 9
Dycii2s dB 11
D50 dB 20
D500 dB 28
Doctiooo | dB 43
Doci2000 dB 44
Deta000 dB 26
Doet3000 dB 19
Symbols and units
Di Insertion loss, dB
Doctes....8000
63...8000
\‘QQIJ_Z’/
lacws FINAS
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mmy
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Ducted silencer: FVS 200-1000

Pressure loss and flow noise in octave bands

ISO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 300 mm
Air density 1,20 kg/m?

Duct velocity (9160 mm duct) v,,, m/s

2 3 4 5 6 7 8 9 10 11 12131415
100 ] ] ] ] 1L 1 1 1
A-weighted sound power level in the duct
Ly, dB(A)
S0
£
% 20 40:
a
2 *34.5]
0
§ *3(); =
=6
g s
-]
E 4
3
2 EB=
1
50 100 200 300 400 500
Air volume flow q,,, dm?/s
Symbol Unit 1 2 3 4 5 6 7 8
Qv dm®/s 60.3 89.0 123 164 207 256 321 403
Va1 m/s 1.9 2.8 3.9 5.2 6.6 8.1 10.2 12.8
Prot Pa 1.8 3.7 6.7 11.7 18.1 27.4 42.6 69.3
Ciot - 0.80 0.76 0.73 0.71 0.70 0.69 0.68 0.70
Lwes dB * * 39.9 40.7 46.1 50.3 53.8 57.5
Lwias dB * * 35.8 37.9 434 46.4 51.1 55.8
Lwaso dB * * 29.9 35.0 39.2 42.8 46.8 51.5
Liwsoo dB * * 25.8 32.8 37.7 41.8 45.9 49.8
Lwio0o dB * * *19.3 28.8 35.1 40.4 45.4 50.2
Lwa000 dB * * *14.8 *22.5 30.7 37.4 43.6 49.3
Lwao00 dB * * *19.9 *20.3 *23.5 *30.3 38.2 44.9
Lwsooo dB * * *26.1 *26.1 *26.1 *26.5 *29.2 *35.5
Lw dB * * 419 43.9 49.1 53.1 57.1 61.5
Lwa dB(A) * * *29.8 *34.6 39.9 44.9 50.1 55.3

*) The background noise requirements of standard ISO 3741:2010 have not been met.

Data represent upper bounds to the sound power level of the noise source under test.

Symbols and units

qv Air volume flow rate, dm?/s

Vai Duct velocity (6200 mm duct), m/s
Prot Total pressure loss, Pa

ot Total pressure loss coefficient, -

Lwes. s000  Sound power level in the duct in octave bands, dB

635000 Centre frequencies of the octave bands, Hz

Ly Sound power level in the duct, dB
Lwa A-weighted sound power level in the duct, dB(A)
N2
il;gzm FINAS The results are only valid for the tested sample(s).
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Ducted silencer: FVS 200-600
Insertion loss in one-third octave bands
ISO 7235:2003
Diameter of the inlet and outlet sections: 200 mm
Length: 600 mm
50
Symbol Unit Di ]
D1/30c150 dB 1 45 ]
Di/30063 dB 4 |
Dy 300180 dB 10 ]
Disgeuion | dB 8 ©]
D\ /30et125 dB 5 ]
D\ /30ct160 dB 6 357
Dy 30¢200 dB 9
Dy 30e250 dB 11 o 30 1
Dysocis | dB 14 P
D 30¢t400 dB 15 é 25
D\ 30ct500 dB 16 5 -
Dy | dB | 19 . /’/ \‘H\
Dy 30¢1800 dB 21 ] 2 \\
D 30e11000 dB 22 ] / \
Disazso | dB 23 ? \
D130ct1600 dB 23 / \0—4\0
D1 30c12000 dB 22 107 //
D) 30e12500 dB 22 ] /
Dy 3003150 dB 19 5 /
Disocono | dB 17 ; /
D130ct5000 dB 13 0]
Dijsouszo0 | dB 12 RBEENERR §EEEEREEE2EEEEE
D1 30018000 dB 12 Centre frequency of one-third octave band, Hz B
D /30c10000 [ dB 11
Symbols and units
Di Insertion loss, dB
D1 30e150... 10000 Insertion loss in one-third octave bands, dB
50...10000 Centre frequency of one-third octave band, Hz
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/,//\\7\\\\ Finnish Accreditation Service This report may be published in its entity, parts of it only with a written permission by Eurofins
iy N T001 (EN ISO/IEC 17025)

Eurofins Expert Services Oy, VAT ID FI2297513



o eurofins

Ducted silencer: FVS 200-600

Insertion loss in octave bands

ISO 7235:2003

Diameter of the inlet and outlet sections:

Expert Services

200 mm

600 mm

50

Report no EUFI29-22000064-T4
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45

40

35 1

30 1

25 1

Insertion loss, dB

20 1

e

e

125

Insertion loss in octave bands, dB

Length:
Symbol | Unit Di
Dociss dB
Dociins dB 6
Dociaso dB 11
Doeisoo dB 16
Doctiooo | dB 22
Doci2000 dB 22
Deta000 dB 16
Doet3000 dB 12
Symbols and units
Di Insertion loss, dB
Doctes....8000
63...8000

e
N2

SN\ 7%
iewx FINAS
%///-\\/&5 Finnish Accreditation Service

iy N T001 (EN ISO/IEC 17025)

=3 (=3
el S
IS\l e

1000

2000
4000
8000

Centre frequency of octave band, Hz

Centre frequency of octave band, Hz

The results are only valid for the tested sample(s).
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Ducted silencer: FVS 200-600
Pressure loss and flow noise in octave bands
ISO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 600 mm
Air density 1,20 kg/m?
Duct velocity (6200 mm duct) v, m/s
2 3 4 5 6 7 8 9 10 11 12 131415
100 —= | | . .I...I...I... — ...I. .
80 A-weighted sound power level in the duct [ S=S=========: e
60 —+ Ly, dB(A)
50 Ll s4A5:H'
40 IS
E1OJ SN 6 6 N O O O N N MMM AW ESR PE AR AR BRI
Qr:: 44
L 20 44,
o
g 39.57T4
g 10
2 8
= 6
5 S
g 4 F=:
3t
3
2 :
-
1
50 100 200 300 400 500
Air volume flow g, dm*/s
Symbol Unit 1 2 3 4 5 6 7 8
Qv dm/s 66.2 98.0 118 159 196 242 306 376
Vai m/s 2.1 3.1 3.7 5.0 6.2 7.7 9.7 12.0
Pt Pa 1.7 3.7 48 8.9 13.1 19.6 30.7 472
Ciot - 0.65 0.63 0.58 0.58 0.56 0.55 0.54 0.55
Lwes dB * * *35.7 41.8 44.6 49.9 54.3 58.3
Lywis dB * * 332 39.0 422 46.4 51.1 55.7
Lwaso dB * * 29.9 35.3 38.9 42.4 46.4 50.4
Lwsoo dB * * 25.7 33.1 37.7 419 46.0 492
Lwiooo dB * * *18.4 283 343 39.5 44.9 49.1
Lwa000 dB * * *14.2 *21.8 29.7 36.5 43.1 48.3
Lwaooo dB * * *19.8 *20.3 *22.4 *28.8 37.2 437
Lwsooo dB * * *26.1 *26.1 *26.1 *26.4 *28.2 *33.5
Lw dB * * *38.9 44.8 48.0 52.7 57.3 61.5
Lwa dB(A) * * *¥29.3 *34.6 39.5 44.4 49.8 54.3

*) The background noise requirements of standard ISO 3741:2010 have not been met.

Data represent upper bounds to the sound power level of the noise source under test.

Symbols and units

qv Air volume flow rate, dm?/s

Vai Duct velocity (6200 mm duct), m/s
Prot Total pressure loss, Pa

ot Total pressure loss coefficient, -

Lwes. s000  Sound power level in the duct in octave bands, dB

635000 Centre frequencies of the octave bands, Hz

Ly Sound power level in the duct, dB
Lwa A-weighted sound power level in the duct, dB(A)
W,
M FINAS The results are only valid for the tested sample(s).
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Ducted silencer: FVS 200-300
Insertion loss in one-third octave bands
1SO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 300 mm
50
Symbol Unit Di ]
Di30cts0 dB 1 45 ]
D/30ct63 dB 1 ]
D /30180 dB 3 ]
Difsocion | dB 2 “
D 30ct125 dB 3 ]
D s30ct160 dB 3 3
D) 30c1200 dB 2
D) 30c1250 dB 3 o 30 ]
Dysocis | dB 5 P
D 30¢t400 dB 5 é 25
D 30¢t500 dB 5 % ]
D) 30ct630 dB 6 - 201
D 30et800 dB 6 ]
D1 /30ct1000 dB 6
D130ct1250 dB 7 "
D130ct1600 dB 7
D1/30ct2000 dB 6 10
D\ /30ct2500 dB 8 ,_4,\ /\,\
Di/30ct3150 dB 7 5 \
>
D130ct4000 dB 6 ] /\ /H\ / \/
D130ct5000 dB 3 o
Disoeezoo | dB 4 RESES8ERE 3388888 EE2E88E8¢
D 30¢18000 dB 5 Centre frequency of one-third octave band, Hz B
Di/30ct10000 | dB 4
Symbols and units
Di Insertion loss, dB
D1 30e150... 10000 Insertion loss in one-third octave bands, dB
50...10000 Centre frequency of one-third octave band, Hz
S,
ii;\ﬁgi FINAS The results are only valid for the tested sample(s).
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Ducted silencer: FVS 200-300
Insertion loss in octave bands
1SO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 300 mm
50
Symbol Unit Di ]
Doct63 dB 1 45 :
Doc1125 dB 3 40
D0c1250 dB 3 1
DoctSOO dB 5 3 ]
m 1
Doct1000 dB 6 = 30 4
DothOOO dB 7 E 1
S 25
Docranno dB 5 -
Docis000 dB 4 = 20
15
10
] 1
0

! !
| |
T
[3o) %) =] =3
N [ el S
— IS "

1000
2000
4000
8000 -

Centre frequency of octave band, Hz

Symbols and units

Di Insertion loss, dB

Docts3....8000 Insertion loss in octave bands, dB
63...8000 Centre frequency of octave band, Hz

e
N2

SN~
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Ducted silencer: FVS 200-300
Pressure loss and flow noise in octave bands
ISO 7235:2003

Diameter of the inlet and outlet sections: 200 mm
Length: 300 mm
Air density 1,20 kg/m?
Duct velocity (6200 mm duct) v, m/s
2 3 4 5 6 7 8 9 10 11 12 131415
100 —= | | . .I...I...I... — ...I. .
80 % A-weighted sound power level in the duct === =
60 + Ly, dB(A)
50 ;
40 :
oA bbb b e B R S L
£ 2 S0
o
g 10
g 8
X
SR
3 29.5
2
1
50 100 200 300 400 500
Air volume flow g, dm*/s
Symbol Unit 1 2 3 4 5 6 7
qQy dm’/s 78.1 110 144 189 240 301 379
Vai m/s 2.5 35 4.6 6.0 7.6 9.6 12.0
Pt Pa 1.4 2.7 46 7.7 12.3 20.0 311
Ciot - 0.38 0.37 0.36 0.36 0.35 0.36 0.36
Lwes dB * *35.8 39.9 45.4 49.8 53.7 58.1
Lywis dB * 345 385 433 47.4 52.0 56.7
Lwaso dB * 31.0 34.9 39.2 43.1 47.2 51.6
Lwsoo dB * 26.9 33.0 37.8 21 46.1 49.6
Lwiooo dB * *16.2 26.9 34.6 39.9 45.0 49.6
Lwa000 dB * *13.7 *19 29.3 37.3 43.6 49.1
Lwaooo dB * *19.8 *20 *22.1 *29.2 37.7 448
Lwsooo dB * *26 *26 *26 *26.3 *28.1 *33.7
Lw dB * *39.5 43.6 48.7 53.1 57.4 61.9
Lwa dB(A) * *29.6 *34 39.6 44.9 50.1 55.0

*) The background noise requirements of standard ISO 3741:2010 have not been met.

Data represent upper bounds to the sound power level of the noise source under test.

Symbols and units

qv Air volume flow rate, dm®/s

Vai Duct velocity (6200 mm duct), m/s
Prot Total pressure loss, Pa

ot Total pressure loss coefficient, -

Lwes. s000  Sound power level in the duct in octave bands, dB

635000  Centre frequencies of the octave bands, Hz

Ly Sound power level in the duct, dB
Lwa A-weighted sound power level in the duct, dB(A)
W,
M FINAS The results are only valid for the tested sample(s).
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APPENDIX 6 1(1)
Instruments used:
Instrument Type code Serial number Calibrated
Micromanometer Furness FC012 9802124 07/2021
Micromanometer Furness FC012 110057 07/2021
Micromanometer Furness FC012 9802125 07/2021
Barometer Vaisala PTB220BAC2A1 W4230002 07/2021
Hygrometer Rotronic HTT 8501156 11/2021
Temperature logger Agilent 34970A MY44071581 07/2021
Pistonphone B&K 4228 3063558 01/2021
Microphone B&K 4943 2415046 before measurements
Microphone preamplifier B&K 2660 15040598
Real-time analyser Norsonic RT 830-2 11504 07/2020
Rotating microphone stand B&K 3923 1678218
Reverberation room 298 m?
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