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1 INTRODUCTION

The sound pressure level and sound power level of a medium speed diesel engine
was studied under different acoustical conditions. The sound pressure level varied
even 5 dB in the field depending on the acoustical conditions. Because of the envi-
ronmental requirements and economic considerations prevailing in building
practices today, the sound pressure level caused by the engine should be
‘predictable.

The diesel engine discussed here is shown in Fig. 1. The engines of this type
produce 500-16000 kW output power depending on the cylinder number and cyl-
inder diameter. The engine weight varies between 7 and 255 tons. These engines
are designed for power plants and ships. The laboratory measurement of sound
power level is practically impossible. Moreover, the environment in the factory as
well as the operating site is not appropriate for precision measurements.

The problem can be divided into three parts which are studied in this paper:

« How accurate methods are available to determine sound power level reliably
and what is the performance of the method in different environments ?
» Could the sound power level be determined in an easy and fast way reliably and

what is the performance of the method in different environments 7
» Is the sound pressure level predictable at the operating site ?

METHODS

Intensity Method. One precision grade method exists for the determination of
sound power level L, in situ: ISO 9614-1:1993 intensity method by point
measurements.[1] The method is very useful when operating with small test
objects. When the measurement area is large and time available is limited the
situation is different. On the other hand, ISO/DIS 9614-2:1989 intensity method by
scanning is much faster, According to the comparison made [3], the measurement
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accuracy can be very good, even better than with 130 9614-1, when the test is
carried out carefully.
In the sound intensity method, L, is calculated using equation

L,=L,+10log$ (1)

where L, is the average sound intensity level (dB) on the measurement surface and
S is the area of the that surface {m?). The pl-index Fo=Ly-Ly and the negative
partial power indicator F., must be calculated. The criteria £,<L, and F,,<3 dB
must be fulfilled to ensure’ Grade 2 accuracy.

sl

Fig. 1. The diesel engine and the partial measurement surfaces used in the ISO
9614-2 measurements.

The measurements were carried out with two microphone spacings: 6 mm (25-
1250 Hz) and 50 mm (125-10000 Hz). [2] The results obtained with different
spacings were combined afterwards. The intensity differences in the overlapping
frequencies were below 1 dB. The dynamics of the intensity equipment,
L#F 1 ma-10 dB, was determined in a small calibration chamber. F;,,,, is the
maximal pl-index measured in the calibration chamber. The measurement distance
from the reference surfzce {minimum surface enclosing the engine) was 400 mm,
50 the total surface was 8250 x 2500 x 3450 mm, or 94.8 m2. The measurement
surface was divided into 48 partial surfaces, so as to obtain partial areas as similar
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as possible (2.16 m? at ends, 1.90 m2 at long sides, and 2.06 m? on the top side).
The small differences in the partial areas were not compensated, e.g., by varying
the measurement time, because the source was close to omnidirectional. The error
due to incorrect spatial weighting was therefore small. On the partial surfaces, the
total scanning time was 32 s. The A-weighted sound power level Ly, was
calculated from the measured frequencies.

Pressure Method. In the sound pressure method, L, is calculated by

_— —_ ] 45
L, =Lp+1(}logS—K=LP+lOlogS-1010g(l+—A—) 2

where E is the average sound pressure level (dB) on the measurement surface, X
is the environmental correction (dB) and A is the total absorption area of the room
(m2). The background noise level must be more than 7 dB below the noise
measured, and the measurement is valid afler background noise level corrections.
The absorption area 4 is determined from the reverberation time measurements
using equation

0.161-V
A== =Y a5 (3)

[}
where V is the volume (m?), T is the reverberation time (s) of the room using 10
-dB decay range, and &; is the absorption coefficient in the partial surface S;. The
fatter term can be used when the reverberation time can not be determined or when
sufficient absorption data is available.
In our arrangement, a modified ISO 3746 was used and only L,, 4 was deter-

mined. The I, was measured as an equivalent level at a distance of one meter
from the engine, walking stowly (0.5 m/s) around the engine and pointing the
sound level meter towards the engine. The height was fixed to 1.5 m. No data were
collected overhead and at the top corners because the levels scarcely deviated from
the levels measured on the floor, and it was often impossible to collect data
overhead, The modified ISO 3746 and official ISO 3746 gave similar results in an
accuracy of 0.5 dB. '

The Prediction of The Sound Pressure Level. From Eq. (2), the sound pressure
level depends on the distance from the original measurement surface according to
equation

1 4 '
L(d)=1, +10103[@+Z) @)

where S{d)=2(x+2d)(3+2d)+2(y+2d)(z+dyHx+2d)(z+d). The original measurement
surface §=2xy+2pz-+xz is thus streched by d to all directions excluding the floor di-
rection. The dimensions were x=7450 mim, }=1700 mm, and z=3050 mm. A
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diffuse sound field and an omnidirectional point source is assumed. If the room
dimensions are asymmetric or absorption is not smoothly distributed in the room,
the attenuation is stronger with increasing distance. [4]

The Test Cases. The sound power level of the same engine was measured in three
Cases:

Case A:  in the large test run room, the engine running alone,

Case B:  in the large test run room, a similar engine was running 5 m away,

Case C:  in a small room, the engine running alone.
Case C corresponds a typical power plant room. The room dimensicns in cases A
and B were 22.0 x 29.5 x 14.0 m and in Case C they were 22.0 x 8.0 x 7.5 m. The
reverberation times of both rooms are shown in Table 1. The A-weighted absorp-
tion area A was 775 m? in cases A and B, and 150 m2 in Case C.

RESULTS AND DISCUSSION

Table 1 shows the values of L, obtained by ISQ 9614-2 and the intensity
indicators in cases A-C. The sound intensity method ISO 9614-2 gave almost equal
results for L, (2.5 dB in 1/3 octaves) in the cases A (large room) and C (small
roomy).

Table 1. ISO 9614-2 results in conditions A, B and C and reverberation times for
both rooms.

Frequency Lw ’ Fpl Fp] Fp] F+.|'- F.hr_ F'H'- T T
Aa K ® © &K ® (© LB (©

Hz dB dB dB dB dB dB dB s s

63 1124 58 68 51 01 43 1.5 - -
125 1099 48 66 51 00 39 02 111 115
250 1182 48 55 74 00 35 01 164 144
500 1167 49 57 72 00 24 00 210 147
1000 1180 53 64 74 00 24 00 224 157
2000 1162 52 66 84 00 21 08 185 1.39
4000 1145 41 61 71 00 17 02 135 101
8000 11.7 38 33 61 00 L1 00 101 088

In Case B, where a similar engine was running next to the measured engine, the
results were considered unreliable with both methods. [SO 9614-2 gave better re-
sults than ISO 3746, as supposed, but the reliability of the former was not as good
as expected. The background noise affected the sound intensity measurements by
causing negative sound intensity values on the disturbed side of the measurement
surface. The total effect of the sound passing through the closed measurement sur-
face was theoretically zero but, practically, the indicator F, . increased too much.
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L, values obtained with both methods are tabulated in Table 2. The
reverberation times of both rooms are shown in Table 1. The A-weighted
absorption area was 775 m2 in cases A and C, and 150 m? in Case B. In cases A
and C the measured value L, ., was higher than predicted value L, ,,4;. The ISO
9614-2 result was used in predictions. In Case A the average A-weighted F,; value
at a distance of 1 m from the reference surface was 5.1 dB but the environmental
correction X was only 2.4 dB. The rest of the Fp,, marked by K'=2.7 dB, was
supposed to be due to the nearfield effects. Theoretically, far from the sound
source, the L, is due to the reverberant sound only, and the environmental
correction X explains entirely the deviation between L; and L, Close to the engine,
the sound flow observed by the intensity probe also contained sound entering from
the sides. This increased L, but decreased L;. When X' is added to the predicted
value L .4, the new prediction, L ; ;e 7 is consistent with L, ..o, In Case C, F,
and K were closer to each other. The reverberant sound field (X=6.8 dB) was
stronger than the near field effect, which is constant and independent of acoustic
environment. The course of the calculations in Cases A and C is shown in Table 2.

Table 2. Correction of the L, ; due to the nearfield effects, by determining the
difference of K and Fy;. The ISO 9614-2 result was used in prediction .

Parameter Case A Case C
Ly meas 106.4dB 109.0 dB
K 24dB 6.8dB
Fo Cs1dB 7.7dB
K=F,;-K . 2.7dB 09dB
Ly preas 103.8 dB 108.2 dB
Ly prear=Lapreart®’, . 106548 109.1 dB
8- _ _ " Fig. 2. The meas-
. A  ured and predicted
@ 108 ' — (Eq. 4) attenuation
= : \ . , R of A-weighted SPL
E 104 \ Thoay ;s :1 j_‘imc.;;"on o;);
. istance from the
é 10z '\\: - > [Measueed engine in the test
“*\ﬂ,_‘_.________ run room (Case A4).
B 100 _4 S = _  The difference near
1 o | theengineisdueto
83 h the strong near
2 ‘ 6 8 0 12 geld and far from
Distarce from the engirie (im) the engine Eq. (4}
Jails.
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The proportion of X in F,; should decrease with increasing distance from the
engine because the far field is approximated better. This is evident according to
Fig. 2, where thé attenuation of sound in the test run room (Case A) is measured
and calculated according to Eq. (4).

The obtained Ly, ; in different Cases and with different methods are shown in
Table 3. The uniformity between ISO 9614 and ISO 3746 was not satisfactory
without the correction shown in Table 2.

Table 3. Comparison of A-weighted soupd power levels Ly, , obtained by ISO
9614-2, ISQ 3746, and corrected ISO 3746 in Cases A and C.

Method Case A Case C
1SO 9614-2 122.9 122.6
ISO 3746 125.5 123.7
(corrected) ISO 3746 122.8 122.8
CONCLUSIONS

Different results of sound power level were obtained with ISO 9614 and modified
ISO 3746, The reason for the difference was supposed to be in the nearfield
effects. The relation between pl-index F; and environmental correction term X
was discussed. When a nearfield correction was applied to the results measured by
the modified ISO 3746, both standards gave similar results under both tested
acoustical conditions. The results concern so far only the tested engine type, but
similar results are expected in firture for different engine types.

In this examination, the effect of background noise was detrimental for both
methods. Even the intensity method gave unacceptable results. The background
noise level stiould be hence distinctly lower (7-10 dB) than the level caused by the
test object. The reverberation did not affect the measurement accuracy of either
method noteworthly. ISO 9614-2 was found to be the best method for the sound
power level measurements which will be used as a reference in SPL predictions.

The sound level at the final operation site, at a distance of 1 m, seems to be
predictable when the acoustical conditions and the pl-index of the engine (in free
field) are known.
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