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SPECIAL NOTES

1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A
GENERAL NATURE. WITH RESPECT TO PARTICULAR CIRCUM-
STANCES, LOCAL, STATE, AND FEDERAL LAWS AND REGULATIONS
SHOULD BE REVIEWED.

2. APILIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS,
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN
AND EQUIP THEIR EMPLOYEES, AND OTHERS EXPOSED, CON-
CERNING HEALTH AND SAFETY RISKS AND PRECAUTIONS, NOR
UNDERTAKING THEIR OBLIGATIONS UNDER LOCAL, STATE, OR
FEDERAL LAWS

3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND
PROPER PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS
AND CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE
MANUFACTURER OR SUPPLIER OF THAT MATERIAL, OR THE
MATERIAL SAFETY DATA SHEET.

4. NOTHING CONTAINED IN ANY APl PUBLICATION IS TO BE
CONSTRUED AS GRANTING ANY RIGHT, BY IMPLICATION OR
OTHERWISE, FOR THE MANUFACTURE, SALE, OR USE OF ANY
METHOD, APPARATUS, ORPRODUCT COVERED BY LETTERS PATENT
NEITHER SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE
CONSTRUED AS INSURING ANYONE AGAINST LIABILITY FOR
INFRINGEMENT OF LETTERS PATENT,

5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED,
REAFFIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS
SOMETIMES A ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE
ADDED TC THIS REVIEW CYCLE THIS PUBLICATION WILL NO
LONGER BE INEFFECT FIVE YEARS AFTER ITS PUBLICATION DATE AS
ANOPERATIVE APISTANDARD OR, WHERE ANEXTENSION HAS BEEN
GRANTED, UPON REPUBLICATION. STATUS OF THE PUBLICATION
CAN BE ASCERTAINED FROM THE API AUTHORING DEPARTMENT
[TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY
BY API, 1220 L STREET, N W, WASHINGTON, D C. 20005

Copyright © 1981 American Petroleumn Institute ‘k/
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FOREWORD

This recommended practice is based on the accumulated knowledge and experience of
petroleum refiners, air-cooled heat exchanger manufacturers, and engineering contrac-
tors. The objective of this publication is to provide a standard test procedure for mea-
surement of noise emanating from air-cooled heat exchangers Separate procedures for
testing of an isolated single bay and for testing of a single bay of an installed unit are
given. Testing the isolated single bay is considered a more accurate procedure

The test procedure for installed air-cooled heat exchangers is similar to the procedure
given in CONCAWEE Report Number 5/78, **Method for Determining the Sound-
Power Levels of Air-Cooled (air-fin} Heat Exchangers ** Comparative tests have shown
that the two procedures yield similar results within %2 decibels.

Although it is recognized that the purchaser may desire to modify, delete, or amplity
sections of the practice, it is strongly recommended that all such changes be made by
supplementing this practice rather than by rewriting or by incorporating sections into an-
other complete practice

Suggested revisions are invited and should be submitted to the director of the Refining
Department, American Petroleum Institute, 1220 L Street, N W, Washington. D.C. 20005
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Measurement of Noise from Air-Cooled
Heat Exchangers

SECTION 1—GENERAL

1.1 Purpose

This recommended practice establishes standard proce-
dures for measuring and reporting sound-pressure levels
(SPLY and sound-power levels (PWL) of air-cooled heat
exchangers.

1.2 Scope

This procedure applies to air-cooled exchangers used for
general refinery service, including both forced- and in-
duced-draft type units. The procedures are based on testing
complete air-cooled exchangers and are not intended for
testing individual components such as fans, motors, gears,
and so forth Separate procedures are given for the follow-
ing types of tests:

[. Test of an isolated single-bay air-cooled exchanger for
determining sound-power levels and sound-pressure levels
(Section 2).

2. Test procedures for conducting noise tests on a single
bay of installed air-cooled exchangers (normally multibay
installations) (Section 3).

1.3 Instrumentation

The following are the required instrumentation and ap-
plicable specifications to be used to perform the measure-
ments required

Instrusent Specification

Seund level meter. including mi-
crophone Type I precision

Qctave band filter, Type E. Class 11

Acoustic calibrator of coupler type

ANSE ST 4-1971 (R197&}
ANST S1.11-1966 (R1975)
ANSE ST J-1971 (R1976)

Wind screen ANSE ST 4-1971 (RI970)

1.4 Nomenclature and Definitions
1.4.1 NOMENCLATURE

The following abbreviations are used in this recom-
mended practice

Abbireviation Definition Unit
B Measuring distance from sur-

face meter
D Fan diameter meter
dB Unit of measure for sound level decibel

dB{A) Decibel weighted to correspond
to standard “'A’" scale decibel
A Height of geometric center meter
hp Horsepower —
Hz Hertz. sound frequency cycle/second
L Lengtl of bay meter
N Number of fans per bay —
n Number of measurement posi-
tions per source o
PWL Sound-power level decibel
R Radius of hemisphere and
cyclinder meter
S Surface area (measuring
surface) sguare meter
S, Reference area of | square
meter square meter
SPL Sound-pressure level decibel
SPL Mean sound-pressure level decibel
w Width of one bay meter

1.4.2 DEFINITIONS

A bav is one or more tube bundles served by two or
more fans complete with structure. plenum, and attendent
equipment

The geamerric center is located at the center of a bay on
a plane midway between the air inlet and the air outlet tor
both forced-draft and induced-draft units The geometric
center is also considered the acoustic center of a bay for
calculations.

Ocrave hands are the preferred frequency bands

The spund level is the sound-pressure level when fre-
guency is weighted according to the standardized A, B or
C weighting used in sound-level meters Only A weighted
readings [dB{A}] are referenced in this procedure

The sound-power level 1s ten times the fogarithm to base
10 of the ratio of the total acoustic power radiated by a
sound source to the reference power of 107" watt

The sound-pressure level is twenty times the logarithm
to base 10 of the ratio of the root mean squarg sound pres-
sure to the reference sound pressure of 2 X 107 newtons
per square meter.

A unit is one or more tube bundles in one or more bays
for an individual service
NoTe: For additional definitions see API Publication EA 7301 Guide-
fines e:n Noise
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2 APl RECGMMENDED PRACTICE 631M

SECTION 2—PROCEDURE FOR CONDUCTING NOISE TESTS ON AN ISOLATED
SINGLE BAY

2.1 Procedure for Obtaining Noise Test
Data

2.1.1 DESCRIPTION OF TEST SET-UP

The more accurate noise tests on air-cooled heat ex-
changers are those which are performed on a single bay
without interference from nearby moise or structures. Such
accuracy is usually precluded on an operating installation
but is attainable at the point of assembly. Units which have
typical overall dimensions of from 4 to 6 meters wide. 7 to
12 meters long, and 2 to 5 meters high are discussed here.

For test, the unit should be supported above grade high
enough for reasonable air access during the test. An eleva-
tion 3 to 6 meters from grade to air inlet is usually ade-
quate to minimize ground effects. There are several op-
tional pieces of equipment which influence noise 10 a
negligible degree and such pieces may be omitted from the
assembly for noise test purposes Included in this category
are louvers, walkways. and recirculation chambers (The
presence or absence of recirculation walls will have litle
effect on the total noise emitted but may cause noise to be
emitted in a different direction or at a different location.)

In many cases tests will be conducted as units are com-
pleted immediately prior to shipment However, if noise
levels are critical and a large number of units are involved,
consideration should be given to testing a single unit carly
enough to permit design changes

2.1.2 TEST CONDITIONS

The equipment should be operating as near as is practi-
cal to design fan tip speed and motor horsepower. Since
most tests must be run at conditions other than design con-
ditions, it is desirable to agree beforchand on the correc-
tions to be made for these varizbles I the customer re-
quires, the blade angle can be set to duplicate design
horsepower when temperature or elevation differs apprecia-

made for test conditions which differ from design condi-
tions

2.1.3 LOCATION OF TEST MEASURING POINTS

A radius of 10 meters used to define imaginary hemi-
spherical and cylindrical surfaces surrounding the equip-
ment to be tested is recommended. The test measuring
points shall be located on this surface. There should be
nine points on the hemisphere and four poiats on the cyl-

Full document details: API RP 631M-1981 (1986) scan

inder. (See Figure | and Table | for the location of these
test points )

The geometric center is focated at the center of the unit
on a plane midway between the air inlet and air outlet for
hath forced- and induced-draft units. A radius of 10 meters
is recommended; however, the radius could range from 9
to 12 meters with little effect on results The test points
should be far enough trom the equipment to minimize near
field distortions, yet near enough to allow positioning the
microphone at the various points on the imaginary enclos-
ing surface All fans should be running during these tests

In addition to the above readings, which are used to cal-
culate PWL, a set of readings at a single point should be
taken below each fan. On lorced-draft units, the point
should be on a horizontal plane | meter below the lower
edge of the fan ring The maximum reading attainable on
this plane should be taken by placing the microphone no
closer than | meter from the motor. machinery mount. or
other members. On induced-draft units, this measurement
point shouid be on a horizontal plane 1 meter below the
finned tubes. Again, the maximum reading attainabie on
this planc should be taken while placing the microphone
no closer than 1 meter from the moter, machinery mount.
or other members. [The noise meter should be reading
dB{A) while finding the maximum noise point | Again, all
fans should be running during these readings This data is
taken for future reference in correlating PWL and sound
level data and for estimating noise levels directly below
the upit.

Table 1—Test Point Coordinates for Figure 1

Coordinates®

Position X v b

1 Q 0 + | 000R
2 0 +0.745R +{1 667R
3 + (1 7438 0 +{ 6BTR
4 0 -0 7458 + 0 66TR
5 -~ 745R 8] +0 667R
6 + 0 689R +0 689R +4 222R
7 +0 6898 -0 689R +€ 2228
8 -0 6891 - 0.689R +{0 22IR
9 ~ 0 689R +0 689R + 0 222R
10 g + | GOOR -0 560H
1t + 1 O00R 0 -0 500H
12 G — 1 Q00R - S00H
13 -1 QGOR 0 ~(} 300H

4 Coordinates x. v, and z for all positions are measured from an origin lo-
cated at the geometric center of the unit
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MEASUREMENT OF NOISE FROM AIR-COOLED HEAT EXCHANGERS 3
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Figure 1—Isolated Single Bay Noise Measurement Points

2.1.4 CHECKLIST

A noise test will usually be run immediately before a
unit is shipped. Therefore, all required steps must be per-
formed and all pertinent data must be recorded, since it is
impractical to recall the equipment and rerun the test at a
later date. The following steps should aid operators in pre-
paring for a test.

1. Prepare ail drawings and data forms prior to the test.
Lay out the test points in the X,y plane and paint spots on
the working surface. Then, oniy the z dimension need be
measured during the test,

2. Check that all noise test equipment is in working order
and calibrated. A discharged battery, a faulty connection,

Climent.details: AP RP 631M-1981 (1986) scan - © . %"=

or similar problem has invalidated many tests

3 Check that equipment necessary o position the micro-
phone at all test points is on hand prior to beginning the
test.

4. Check the weather forecast. The test should not be run
during rain or while winds are above 10 miles per hour.
5. Da a preliminary check of motor amperes and volts to
assure the operation of motors near design speed.

6. Start the unit and check it for any unusual noises or
problems. Is either fan running backwards? Is there any
unusual belt noise, gear noise, motor noise, or bearing
noise? Are there any loose parts rattling?

7. Be aware that toothed sheaves with lobed or toothed
belts create a dominant noise in the 10600 to 2000 Hz
range.
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4 APl RECOMMENDED PRACTICE 631M

2.1.5 RECORDING OF DATA

Prior to recording the data, a preliminary survey should
be conducted with the sound level meter on the dB(A) set-
ting. If the noise levels for either the hemisphere or cylin-
der differ by more than 6 dB(A), either additional mea-
surement positions should be used or the hemisphere and
cylinder radius should be increased. If the large difference
resnlts from the background noise, it may be necessary to
record background noise at each measuring point. If it is
not possible to measure the noise emission at a particular
point because of high background noise, either the source
of the background noise should be reduced or eliminated
or the measurement from a similar point may be used. The
latter procedure is not recommended, and any such similar
point shall be noted in the test report.

Record all data as required on the data sheet {see 2.3
and Appendixes A and B}, The calibration readings shall
be recorded at the start and f{inish of a noise test. Back-
ground readings shall be taken at every fifth test point
{more often if either party feels conditions warrant it). Al
sound level readings should be taken with the meter set to
“‘slow’” response and with a wind screen over the micro-
phone

2.2 Calculations and Interpretation
2.2.1 REDUCING TEST DATA
2.2.1.1 Correction for Background Noise

If the test point reading exceeds the background level by
more than 10 dB, no correction of the test point reading is
required. When the difference between the noise level and
the background is less than 3 dB, the measurements have
o significance and valid test results cannot be obtained. If
the difference between the test point reading and the back-
ground level is greater than 3 dB but less than or equal to

Table 2—Corrections for Background Noise

Decibels to be Subtracted
from the Total Measured

Difference Between
Total Noise Level

and Background® Noise Level”

3 3o

4 22

5 i 7

6 i3

7 i 0

8 47

9 6

1¢ a5

=10 40

° Difference is defined as the test point reading minus the background
noise level.

b Correction is defined as the dB value to be subtracted from the test point
reading

Full document details: API RP 631M-1981 (1986) scan

10 dB, the measured noise level shall be corrected accord-
ing to Table 2.

2.2.1.2 Determining Mean Sound-Pressure Levels

Adjust the test point readings at each location for back-
ground noise. For dB(A} plus each of the nine frequencies,
determine SPL for both the hemisphere and the cyclinder.
The mean sound-pressure level (SPL) values are deter-
mined using the following calculations.

If the maximum difference between values to be aver-
aged is greater than 6 dB, SPL is derived from the follow-
ing equation:

SPL
10!

+ antilog SPL

2

SPL = 10 log l:(l/n) (antilog

SPL )
10"
If the maximum difference between the values to be av-

eraged is 6 dB or less, SPI is derived from the following
equation:

+ antilog

SPL = 1/n{SPL, + SPL» + ... SPL,)

2.2.1.3 Sound-Power Level

Convert the representative SPLs to PWLs. This is done
for each of the nine frequencies plus the overall dB(A). It
is done separately for the hemisphere and for the cylinder

To convert SPL to PWL for the hemisphere or cylinder
use the following equation:

PWL = SPL + log (S/s,)

Where.
S =the surface area of the hemisphere or cylinder,
in square meters,
s, = a reference area of | square meter.
27R* = area of hemisphere
2mRH = area of cylinder
SPLy,, = sum of PWL for the hemisphere and the cylin-
der.

To add PWLs use:

PWLes, = 10 log Gmtilog _PWLeytinger

[0

PWI lmmisphum)
10

+ antilog
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MEASUREMENT OF NOISE FROM AIR-COOLED HEAT EXCHANGERS 5

. Sound-power level per fan can be determined as fol-
lows:
PWLfan = PWLhay w10 Iog N

Where
N = the number of fans per bay.

2.2.1.4 Design versus Test Horsepower

Since a test is seldom run with the motor at design
horsepower, it is necessary to adjust test conditions to de-
sign conditions.

If a watt meter or plant power factor data are not availa-
ble, the following approximation for test horsepower can
be used:

Volts,., X Amperes,.

hptcsi = hpnamcpl:s!cx (
VO]tSnameplu!cx Ampemsnamcplmc

To convert sound-power level calculated at test motor
horsepower (PWL,. at fipy.s) to predicted sound-power
level at design power (PWL g, at HP yesipnd use the fol-
lowing equation:

PW[-design = PWLn:sl + 10 (308 hpdcsign - log hptcsl)

Test horsepower should be within 15 percent of design
horsepower to use this equation.

2,2.2 APPLICATION OF REDUCTION
PROCEDURES
2.2.2.1 Background Noise

Adjust test point readings for background noise level
Prepare a tabulation of adjusted values for each position.
The example in Table 3 illustrates the procedure

2.2.2.2 Sound-Pressure Level

Consider a test in which an imaginary cylinder has the
following dimensions: R equals 10 meters and H equals

4 88 meters with adjusted test point readings of 8§19,
74.8, 80.8, and 75.4 dB in one octave band and adjusted
test point readings of 51 .8, 53.8, 529, and 52.3 dB in an-
other octave band.

In the first case, the maximum difference in values to be
averaged is 7.1 (81.9 — 74 8); therefore, the representa-
tive SPL equals:

SPL 74.8

1l

+ antilog

10 log |:l/4 (antilog 8;69

80.8 + antilog 75.4)}
10 10

10 log [1/4 (1 5488 x 10%) + ( 3020 x 10%

+ antilog

I

+ (1.2023 x 10% + (3467 x 10%]

=793 dB

In the second case, the maximum difference in values to
be ave_rgggd is 20(53 8 — 51 8); thercfore, the represen-
tative SPL equals:

— - 2
TP _S51.8 + 53.5 + 532.9-+ 523

=5274dB

2.2.2.3 Sound-Power Level

Convert representative SPL for the cylinder in the first
case to PWL. From 2.2.2.2, SPL equals 79.3 dB,

PWL =5SPL + 10 log (2wRH)
=793+ [0log (2 x wx 10 X 488
=793 + 10 log 306.6
=793 4+ 249
= 1042 dB

Table 3—Example of Reduction Procedures for Test on an Isolated Unit

Cetave Band Center Frequency

dB(A) 31 63 125 250 500 1000 2600 4000 8000

Position |

Test Vaiue 77 82 83 8O 79 5 72 68 62 56

Background 68.5 76 73 H 69 67 62 61 5t 44

Difference 85 6 8 9 10 8 10 7 il 2

Correction -7 -1.3 -0.7 —-0.6 -0.5 -0.7 -05 - b0 oa G0
Adjusted Test

Point Value

Position 1 76.3 807 823 79 4 785 74.3 L5 67.0 620 60
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6 AP RECOMMENDED PRACTICE 631M

Determine the sound-power level per bay, assuming that
the hemispherical PWL equals 106 and the cylindrical
PWL equals 104.2.

9
PWLys, = 10 log (antilog 11%6 + antilog I'Cl}g'“ )
= 10 log (6.6114 X 10'%)
= 10 x 1082
=108.2 dB

Determine the sound-power level per fan in a two fan
bay if the PWL per bay is 108.2

PWL =108.2 — 10 log 2
=108.2 ~ 3
=105.2

2.2.2.4 Design versus Test Horsepower

If nameplate horsepower is 25, nameplate voltage is
460, nameplate amperage is 31, test voltage is 470, and

test amperage is 27, then—
hp!z:st = 25 X —ﬂg— b4 21
460 31

=223

If design horsepower is 23 .7, test horsepower is 22 3,
and test PWL per fan is 105.2 dB, determine adjusted PWL
per fan at design horsepower.

PWLeign = 105.2 + 10 (log 23 7 — log 22.3)
1052 + 10 (1.3747 ~ 1.3488)
1052 4+ (10 x 0.0264)

1055 dB

fl

il

2.3 Reporting of Data
2.3.1 GENERAL REQUIREMENTS

The noise test report shall include a summary sheet with

the main results, a description of the equipment tested, and
the noise test data Appendix A provides a model format
for noise test reports. Appendix B provides a completed
noise test report for a noise test conducted on an isolated
single bay.

2.3.2 SUMMARY

The summary shail make reference to this API recom-
mended practice.

The principal results of the test are to be reported on one
sheet. These results are to be supported by the test data,
calculations, and sketches which follow. Al calculations
and interpretation of data shall be in accordance with 2.2,
The calculations shall be appended to the noise test report.

The test results shall include the following:

1. The overail sound power levels and the octave band
sound power levels shall be tabulated.

2. Measurements taken at special locations for future refer-
ence in correlating sound-power level and sound level data
and for estimating noise levels below the unit shall be
shown separately. Corrected and uncorrected noise levels
shall be reported.

2.3.3 REQUIREMENTS FOR DATA SHEET

[. A sketch of the test layout and microphone locations
shall be provided Special measuring locations shall be
noted on the sketch.
2. A description of the equipment tested and its operating
conditions shall be provided.
3. Details of the measuring equipment including make,
model, and serial number shall be recorded.
4. A tabulation of all test data [dB(A) and octave band
sound pressure levels] shall be provided, which includes:
a. Sound level measurements at each test point.
b. Background sound level measurements at selected
points,
¢ Sound level measurements at special locations.

SECTION 3—PROCEDURE FOR CONDUCTING NOISE TESTS ON INSTALLED UNITS

3.1 Procedure for Obtaining Noise Test
Data

3.1.1 DESCRIPTION AND REQUIREMENTS OF
TEST

This section covers procedures for noise testing on in-
stalled units. However, it should be noted that a more ac-
curate test procedure for the determination of noise levels
of air-cooled heat exchangers is given in Section 2. The
Section 2 procedure would not usually be satisfactory for

'Full document details: APl RP 631M-1981 (1986) scan

application on installed air-cooled heat exchangers in oper-
ating plants.

The test procedure outlined in Section 2 is ideally suited
for shop test situations and employs measurements of
sound pressure levels of an imaginary hemisphere and cyl-
inder having a radius of about [0 meters. This large mea-
suring distance, 10 meters, would be impractical for in-
stalled exchanger situations and would yield inaccurate
results because of noise interference from other operating
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