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Device | Grille description Grille Grille strut Grille strut
ref dimensions type dimension*
(rectangular d, mm
duct), m
A Orthogonal metal mesh (25 mm 1.0x0.5 Round 25
square openings)
B Asymmetric metal mesh (nhon- 1.0x0.5 Round 25
uniform rhomboidal openings)
C Glass-reinforced plastic orthogonal 1.0x0.5 Flat (parallelto | 4.0
‘eggcrate’ grid (~50 mm square flow)
openings)
D Machined slot-perforated metal plate | 1.1 x 1.1 Flat 5.0**
(rectangular openings ~300 mm (perpendicular
length, varying width) to flow)
E Orthogonal metal mesh (rectangular | 0.6 x 0.6 Round 3.0
openings)

*Estimated based on available information and adjusted according to model peak frequency fit.

**Slot widths varied slightly, imposing a corresponding variation in the strut width. A single,
representative, value had to be estimated for use in the prediction modelling.

Table 1: Grille test details

Dev | Dir | T¢, | U, AP, 63 125 | 250 500 1 2 4 8

ref °C ms? | Pa Hz Hz Hz Hz kHz kHz kHz kHz
A 1 22.6 | 10.0 29.0 56.3 |54.1|51.7 55.7 58.6 543 | 43.7 354
A 1 226 | 25.0 191.0 79.1 75.7 | 74.7 76.4 774 | 80.6 74.9 67.6
A 1 22.6 | 40.0 517.0 857 |84.7|85.1 87.1 87.4 | 893 89.6 82.9
A 1 22.6 | 55.0 | 1007.0* | 100.7 | 94.4 | 92.0 |93.7 | 950 |96.8 |98.4 |954
A 2 23.6 | 10.0 | 31.0 58.3 |55.7 (520 |54.7 |[582 |540 |443 | 356
A 2 236|252 |226.0 745 |76.0|742 |759 |768 |829 |752 |69.4
A 2 23.6 | 40.2 | 604.0 857 |858 (853 |87.2 |881 |91.3 |939 |857

Learning Legacy Paper -Development of practical approaches to predicting flow-induced sound from
termination devices in large-scale railway tunnel ventilation systems



Dev | Dir | T, U, AP, 63 125 | 250 500 1 2 4 8
ref °C |ms! |Pa Hz Hz | Hz Hz kHz | kHz |kHz |kHz
A 2 23.6 | 55.0 1163.4* | 100.7 | 945 | 925 |94.2 | 95.0 | 96.8 100.6 | 97.2
B 1 22.7 | 10.0 25.0 56.2 |53.7|526 |53.7 |543 |48.7 |418 | 333
B 1 22.7 | 25.0 180.0 780 | 750|732 |752 |764 |80.8 |720 |66.7
B 1 22.7 | 40.2 454.0 96.0 |87.1|854 |873 |87.3 |882 |956 |81l8
B 1 22.7 | 55.0 885.3* | 104.3 |96.9 | 91.8 | 943 | 955 |96.3 105.7 | 103.3
B 2 23.2 | 10.0 26.0 572 | 554|533 |553 |580 |54.2 |458 | 358
B 2 23.2 | 250 178.0 738 | 753|739 |766 |77.3 |843 |76.0 |68.7
B 2 23.2 | 40.2 462.0 93.0 | 848|851 |873 |882 |90.3 |98.6 |839
B 2 23.2 | 55.0 867.1* | 100.7 | 944 | 92.0 [ 949 |954 |97.1 107.0 | 105.1
C 1 22.7 | 10.0 69.0 64.1 |66.7 693 |69.6 |656 |62.7 |52.1 |46.0
C 1 22.7 | 25.0 442.0 80.8 | 815|877 |93.7 |929 |918 |816 | 746
C 1 22.7 | 40.2 1153.0 | 87.8 | 90.7 | 96.7 103.2 | 105.6 | 105.7 | 97.9 | 91.3
C 1 22.7 | 49.0 1718.0* | 94.5 | 93.6 | 99.6 107.4 | 110.8 | 111.4 | 105.2 | 98.0
C 2 23.3 | 10.0 43.0 573 | 579|583 |614 |589 |59.2 |512 |43.2
C 2 23.3 | 25.0 288.0 740 |768|828 |848 |853 |841 |784 |721
C 2 23.3 | 40.2 753.0 838 |838|932 |97.2 |965 |983 |923 |86.2
C 2 23.3 | 49.0 1046.1* | 91.0 | 90.1 | 98.0 | 102.4 | 101.9 | 103.4 | 99.0 | 93.7
C 2 23.3 | 55.0 1325.8* | 100.7 | 94.4 | 100.3 | 105.3 | 104.9 | 106.4 | 102.9 | 97.2
D 1 - 4.4 55.0 55.7 | 616|570 |515 |501 |47.3 |39.8 |29.8
D 1 - 4.2 48.0 55.7 |60.2|558 |503 |489 |457 |38.0 |27.3
D 1 - 4.1 46.0 559 |599 554 |501 |488 |452 |374 |27.1
D 1 - 3.5 34.0 544 |53.8|49.6 |452 |44.2 |38.3 |293 18.1
D 1 - 3.1 24.0 53.6 |48.1 433 |404 |395 |315 |205 111
D 1 - 2.3 15.0 46.4 |40.7 |36.1 |344 |306 |189 |5.2 8.0
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Dev | Dir | T¢, | U, AP, 63 125 | 250 500 1 2 4 8
ref °C ms?t | Pa Hz Hz Hz Hz kHz |kHz |kHz kHz
D 2 - 4.5 57.0 555 |63.1|57.8 |521 |500 |471 |40.7 |3l11
D 2 - 3.9 43.0 542 |59.0 529 |478 |456 |418 |338 |221
D 2 - 3.6 36.0 53.1 |56.6 |505 |457 |436 |38.8 |30.0 |18.9
D 2 - 3.1 26.0 51.1 | 506|446 |409 |[385 |313 |213 |14.6
D 2 - 2.4 17.0 473 403|368 |[340 [303 |19.7 |101 |74
E 1 - 5.0 10.0 40.1 369|382 |346 |[304 |271 |213 |244
E 2 - 5.0 38.0 423 | 420|422 |428 |380 |348 |27.7 |253
*Pressure drop estimated using additional data and regression modelling as per Table 3 (values
displayed with rounded precision).

A temperature of 20°C has been assumed for tests without reported temperature values.

Table 2: Grille flow-generated sound power test data

As noted in Table 2, pressure drop values were unavailable for some of the tests at higher
flow velocities. Therefore, these values were estimated by using the available flow and
pressure test data to fit 2@ order polynomial multiple linear regression models and predict
the pressure drop values for the higher velocity tests. The models incorporated additional
data points for which only flow data (not sound data) were reported, as summarised in Table
3.

Dev | Dir | T, | U, AP, Regression model* Model fit R?
ref °C ms*t Pa (coefficient of
determination)*

A 1 226 | 32.8 340.0 APa = 0.3645U% — 1.9602U + 12.153 | 1.0000

A 2 23.6 | 32.8 386.0 APa = 0.4229U% — 2.3381U + 12.701 | 0.9998

B 1 22.7 | 32.8 229.0 APa = 0.3751U% — 5.3903U + 47.109 | 0.9635

B 2 23.2 | 32.8 303.0 APa = 0.2900U% — 0.1656U — 1.0193 | 0.9999

C 1 22.7 | 32.8 764.0 APa = 0.7270U% — 0.6121U + 2.4918 | 1.0000

C 2 23.3 | 32.8 510.0 APa = 0.4555U2 + 0.7496U — 10.837 | 0.9998

*Coefficients shown rounded to displayed precision.

Table 3: Additional flow data and regression models used to estimate pressure drop values
indicated in Table 2
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Jet sound emission similarity spectra formulae

The formulae for the narrowband, linear frequency resolution power spectral representation
of the jet sound emission similarity spectra derived by Tam et al (45) are provided below as
functions of frequency relative to the spectral peak for the large-scale (f;) or fine-scale (fg)
turbulence spectrum — it should be noted that there are typographical errors contained in
the original publication (45), which have been amended in the formulae presented below.

Large-scale power spectrum 10log,o[X(f/fu)]:

10log o X
fy. f
5.64174 — 27.74721ogy (=) ; ~>25
fi fu
f A\ fy. f
1.06617 — 45.299040 log,, (=) + 21.40972 [log,o (= )| {logio(=); 2.5>%=1.0
_ f fu fu fu
B £ AT f
—38.19338 [logw (—)] —16.91175 [log10 (—)] ; 1.0 >>->05
fu fu fu
fy. f
2.53895 + 18.4logy (= ); 05>
fu fu
Equation 1
Fine-scale power spectrum 10logo[Y (f/f)]:
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Learning Legacy Paper -Development of practical approaches to predicting flow-induced sound from
termination devices in large-scale railway tunnel ventilation systems



The outputs from these formulae are shown in Figure 1:
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Figure 1. Narrowband jet sound emission similarity spectra developed by Tam et al (45) (linear
frequency resolution, normalised to peak frequency level)
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