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1 INTRODUCTION 

This report details work to determine airflow rates and noise on an XB55 heat recovery unit 
constructed by Nuaire and installed in the factory training room at Caerphilly, Wales. The work was 
requested by Nuaire and was conducted on 31st October 2012. 
 
 

2 OBJECTIVE 

The objectives of the test were to measure airflow rates at various fan speeds and determine the noise 
generated by the heat recovery unit at those fan speeds and compare with the acoustic and airflow 
requirements of Building Bulletin 101 Ventilation of school buildings (Clause 1.5 ventilation 
provision) and Building Bulletin 93 (Table 1.1 Performance standards for indoor ambient noise levels) 
for a classroom or general teaching area. 
 
 

3 ITEMS SUBMITTED FOR TEST 

The item submitted for test was a mechanical heat and ventilation recovery unit, with a generic 
designation XB55.***, the asterisk denoting various options available. Close coupled attenuator 
sections were fitted to the unit designated XB55-SIL-AT (Atmospheric side) and XB55-SIL-RM 
(Room side). It was installed in the Nuaire training room. The duct work consisted of a main extract 
and supply, each of nominal diameter 400mm. There was a two branch supply duct from the unit to 
the room, each branch having two circular air outlet terminals, without diffusers. The branch duct and 
terminals were nominal 315mm diameter. The extract from the room was a grille in the end of the unit. 

Figure 1 Training room 

 

 
Appendix B shows the product details. 
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4 INSTRUMENTATION 

Description Identifier Calibration due
1m pitot static tube 20151 03/10/12 
TSI 8705 Micromanometer 682 05/01/13 
TSI 8371Balometer 200115 23/10/13 
Kino 100mm anemometer 1080 13/05/13 
Barometer 334 29/10/13 
Nor 140 Precision Sound Analyser S.N. 1402789 07/07/13 
Nor 1251 Acoustic Calibrator S.N. 30754 31/07/13 
 
  

5 TEST METHOD 

The test method consisted of two distinct parts: 

5.1 AIRFLOW MEASUREMENTS 

 
Airflow was measured using three different techniques, to cross reference the air volumes obtained. In 
theory the sum of the branch traverses should match the main traverse, as should the sum of the 
terminal airflow rates. 
 
These were: 

 A classic duct traverse on the main extract duct and two supply branches, using a pitot static 
tube and digital manometer. 

 A hand held balometer used to measure each terminal airflow 
 An anemometer used to measure each terminal air velocity 

 
The duct traverse used existing holes in the ductwork by Nuaire. These allowed a traverse on three 
diameters using the log linear rule for a circular duct, with six readings for each diameter (BS 
1042:section 2.1: 1983), giving eighteen readings per traverse. This was conducted on the main and 
branch ducts at fan speed settings 10, 8, 6 and 4. The duct configuration limited the amount of straight 
length available to approximately 5 duct diameters. 
 
A 1m ellipsoidal nose pitot static tube and digital micro manometer was used giving a direct reading 
of velocity in m/s. The instrument did not apply a density correction to the measured value. 
 
In addition static pressure at three points on the heat recovery unit (main extract, main supply and 
branch tee) was measured using the same instrumentation. 
 
The balometer consisted of an annular ring with radiused entry containing a circular modified Wilson 
grid arrangement that used differential pressure samples at multiple points to determine air volume. To 
this was attached a standard 610mm square hood. This was modified by BSRIA with a 25mm thick 
piece of foil faced insulation fixed across the top of the hood, with a 315mm diameter hole cut in the 
centre to give a close fit over a terminal outlet.  
 
The balometer gave a direct readout in litres/second. The instrument did not apply a density correction 
to the measured values. 
 
Measurements were conducted on all terminals at fan speeds- 10, 9, 8, 7, 6, 5, 4, 3 and 2. 
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The anemometer was a 100mm diameter van type, used to conduct velocity measurements on each 
terminal at fan speeds 9, 7, 5, 4, 3 and 2. This was initially placed in the centre of each outlet and then 
moved across the outlet diameter. Again, the instrument did not apply a density correction to the 
measured values. It had the facility to also measure temperature, which was used in determining air 
density. 
 

Figure 2 Airflow measurements 

 
 

5.2 NOISE MEASUREMENTS 

 
Noise measurements were carried out in order to determine the emission sound pressure level of the 
unit in general accordance with BS EN ISO 11202:2009 “Acoustics – Noise emitted by machinery and 
equipment – Measurement of emission sound pressure levels at a work station and at other specified 
positions – Survey method in situ”. 
 
Noise levels are denoted by the decibel (dB) unit, where a sound pressure level of 0 dB is the threshold 
of human hearing and a sound pressure level of 120 dB is the threshold of pain. The human ear is 
frequency dependant, being more or less sensitive at certain frequencies. The A-weighted noise level 
is an approximation to how the human ear perceives the noise and the unit is dB(A). 
 
The unit under test was installed in the training room at the Nuaire Ltd factory in Caerphilly, as shown 
in Figure 1 and Appendix A. The unit was installed and commissioned by Nuaire Ltd. The fan speed 
of the unit was adjusted from setting 2 to 10 using a controller located on the wall of the training 
room. Only the Test Engineer was present inside the room during the noise measurements. All doors 
and windows were shut. 
 
The unit is intended to be installed in a school classroom so eighteen discrete microphone positions 
were selected to represent a range of room user positions around the room. The height of the 
microphone positions was 1.2m, the distance between the microphone positions was 1.5m, and the 
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microphone positions were at least 1m from the walls of the room.  The microphone positions are 
shown in Figure 3.  
 
A Nor140 Precision Sound Analyser was utilised to measure the sound pressure levels and background 
noise levels in one-third octave band centre frequencies between 63 Hz and 10 kHz. The microphone 
was calibrated before and after the noise measurements to ensure in remained within ±0.5 dB. A 
measurement period of 15 seconds at each measurement position was utilised and due to the relatively 
steady state of the noise from the unit this was acceptable in order to fully quantify the noise produced 
by the unit under test. 
 
The unit under test was very quiet at the lowest fan speeds. It was therefore necessary to carry out 
noise measurements when the influence of background noise levels were minimised. Noise sources 
when the unit was not operational consisted of individual car movements on the surrounding roads and 
plant noise from other parts of the Nuaire Ltd factory. At the lowest fan speeds, noise measurements 
were carried out when there were no car movements. 
 
For each fan speed the emission sound pressure levels were calculated for each of the positions around 
the room. The emission sound pressure levels were calculated in accordance with BS EN ISO 
11202:2009 using the background noise correction K1 and the local environmental correction K3. In 
accordance with BS EN ISO 11202:2009 the mean acoustical absorption coefficient of the test room 
was estimated from Table A.1 in Annex A of ISO 3746:2010. BS EN ISO 11202:2009 states that the 
overall A-weighted emission sound pressure level should be calculated. For additional information the 
one-third octave band centre frequency emission sound pressure levels from 63 Hz to 10 kHz have 
also been calculated. 
 
The average A-weighted emission sound pressure level across all positions is compared against the 
criteria of Building Bulletin 93 (BB93). BB93 states that the upper limit for the indoor ambient noise 
level (LAeq,30min, dB) for a school classroom is 35 dB(A). 
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Figure 3 Microphone positions 
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6 RESULTS 

The results are shown split into those fan speeds for which a series of pitot traverse were measured and 
those for which measurements of the supply terminals were taken with the balometer. Density 
corrections were applied to the measured readings to give airflow at standard temperature and pressure 
of 20oC and 1013mbar. 
 
The data obtained from the anemometer readings was highly variable across the terminal diameter. At 
lower fan speeds it ranged between zero and 0.6 m/s depending on position. Local terminal velocities  
have not therefore been reported. 

6.1 AIRFLOW MEASUREMENT RESULTS-TRAVERSE 

 

Table 1 Traverse 

 

 
The duct velocities were considered too low to obtain reliable readings below speed 4. 

Fan speed Location Duct size Duct Vol Vol
area Average measured STP

mm m2 1 2 3 4 5 6 m/s l/s l/s
4 1 400 0.1257 2.17 2.34 2.29 1.94 2.00 1.98 2.27 285.4 292.8 Extract
4 2 400 0.1257 2.23 2.43 2.58 1.98 2.16 2.30
4 3 400 0.1257 2.51 2.56 2.51 2.20 2.36 2.34
4 4 400 4.6
4 5 400 Static pressures (Pa) -20.4
4 6 400 1.5
4 7 315 0.0779 2.00 2.03 1.65 1.61 1.65 1.73 1.73 134.8
4 8 315 0.0779 1.61 1.63 1.63 1.70 2.01 1.94
4 9 315 0.0779 1.58 1.47 1.43 1.65 1.90 1.92
4 10 315 0.0779 1.60 1.56 1.74 1.87 1.80 1.39 1.71 133.6
4 11 315 0.0779 1.47 1.44 1.68 1.81 1.86 1.88
4 12 315 0.0779 1.57 1.60 1.86 1.89 1.94 1.90 Sum 268.5 275.3 Supply

Variation (from extract) 5.9%
6 1 400 0.1257 3.26 3.32 3.39 3.12 3.48 3.40 3.35 421.1 431.9 Extract
6 2 400 0.1257 3.20 3.45 3.72 2.98 3.01 3.03
6 3 400 0.1257 3.87 3.76 3.15 3.11 3.35 3.71
6 4 400 9.8
6 5 400 Static pressures (Pa) -46.5
6 6 400 4.0
6 7 315 0.0779 3.04 3.10 2.75 2.35 2.34 2.22 2.51 195.5
6 8 315 0.0779 2.23 2.44 2.35 2.51 2.76 2.61
6 9 315 0.0779 2.10 2.12 2.11 2.49 3.08 2.56
6 10 315 0.0779 2.07 2.31 2.60 2.82 2.61 2.08 2.51 195.5
6 11 315 0.0779 2.05 1.98 2.56 2.77 2.91 2.67
6 12 315 0.0779 2.37 2.47 2.67 2.90 2.80 2.52 Sum 391.1 401.1 Supply

Variation (from extract) 7.1%
8 1 400 0.1257 3.64 4.02 4.36 3.99 3.98 3.15 4.18 524.9 538.4 Extract
8 2 400 0.1257 4.54 4.61 4.69 3.31 3.39 3.45
8 3 400 0.1257 5.38 5.40 4.85 4.16 4.08 4.18
8 4 400 19.7
8 5 400 Static pressures (Pa) -75.6
8 6 400 5.9
8 7 315 0.0779 3.98 3.90 3.51 3.02 3.06 3.22 3.27 255.1
8 8 315 0.0779 3.03 2.98 3.15 3.32 3.81 3.35
8 9 315 0.0779 2.57 2.58 2.47 3.30 3.99 3.67
8 10 315 0.0779 2.35 2.96 3.31 3.64 3.55 2.87 3.21 250.2
8 11 315 0.0779 2.74 2.83 3.19 3.89 3.75 3.15
8 12 315 0.0779 2.84 3.34 3.47 3.30 3.51 3.10 Sum 505.3 518.3 Supply

Variation (from extract) 3.7%
10 1 400 0.1257 4.33 4.78 4.58 4.02 4.77 4.95 4.64 583.4 598.3 Extract
10 2 400 0.1257 4.71 4.76 5.12 4.24 4.67 3.78
10 3 400 0.1257 5.50 5.70 5.08 4.28 4.29 3.99
10 4 400 29.9
10 5 400 Static pressures (Pa) -87.0
10 6 400 8.2

10 7 315 0.0779 4.13 4.31 3.75 3.16 3.84 3.39 3.64 283.6
10 8 315 0.0779 3.29 3.30 3.43 3.80 4.32 3.65
10 9 315 0.0779 3.16 2.53 3.16 3.92 4.60 3.76
10 10 315 0.0779 2.91 3.02 3.73 4.24 4.00 3.50 3.61 281.2
10 11 315 0.0779 2.99 3.09 3.28 4.15 4.23 3.82
10 12 315 0.0779 3.77 3.75 4.04 4.06 3.74 2.63 Sum 564.9 579.3 Supply

Variation (from extract) 3.2%

Traverse
m/s
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6.2 AIRFLOW MEASUREMENT RESULTS-TERMINALS 

Table 2 Terminals 

 
 
The supply terminal volumes determined by the balometer gave a close correlation with the main 
extract duct and are considered to be a reliable indicator of the total supply air volume within ±5%. 
 
This value was used to assess the unit performance against the requirements of BB101 for mechanical 
ventilation. 

Fan speed Terminal Duct size Duct Volume Volume Variation Proportion 
area measured STP from extract of total terminal

mm m2 l/s l/s % %
2 T1 315 0.0779 49.0
2 T2 315 0.0779 26.5
2 T3 315 0.0779 28.5
2 T4 315 0.0779 48.0

Sum 152.0 155.9 N/A 26.2%
3 T1 315 0.0779 70.5
3 T2 315 0.0779 34.5
3 T3 315 0.0779 36.5
3 T4 315 0.0779 69.5

Sum 211.0 216.4 N/A 36.4%
4 T1 315 0.0779 96.5
4 T2 315 0.0779 44.5
4 T3 315 0.0779 49.0
4 T4 315 0.0779 97.0

Sum 287.0 294.4 -0.5% 49.5%
5 T1 315 0.0779 120.0
5 T2 315 0.0779 53.5
5 T3 315 0.0779 57.5
5 T4 315 0.0779 117.0

Sum 348.0 356.9 N/A 60.0%
6 T1 315 0.0779 148.0
6 T2 315 0.0779 65.5
6 T3 315 0.0779 70.0
6 T4 315 0.0779 137.0

Sum 420.5 431.3 0.1% 72.5%
7 T1 315 0.0779 164.0
7 T2 315 0.0779 71.0
7 T3 315 0.0779 78.5
7 T4 315 0.0779 160.0

Sum 473.5 485.6 N/A 81.6%
8 T1 315 0.0779 184.0
8 T2 315 0.0779 78.5
8 T3 315 0.0779 91.5
8 T4 315 0.0779 185.0

Sum 539.0 552.8 -2.7% 92.9%
9 T1 315 0.0779 198.0
9 T2 315 0.0779 85.5
9 T3 315 0.0779 98.0
9 T4 315 0.0779 202.0

Sum 583.5 598.5 N/A 100.6%
10 T1 315 0.0779 195.0
10 T2 315 0.0779 87.5
10 T3 315 0.0779 98.5
10 T4 315 0.0779 199.0

Sum 580.0 594.9 0.6% 100%
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6.3 NOISE MEASUREMENT RESULTS 

The calculated A-weighted emission sound pressure levels are given in Table 3 and Figure 4 below. At 
the lowest fan speeds the operational unit noise was barely audible over the background noise levels. 
BS EN ISO 11202:2009 states that if the difference between the noise levels when the unit is 
operational and not operational is less than 3 dB then the measurement is invalid. Where some of the 
microphone positions result in an invalid measurement the average emission sound pressure level is 
calculated from the valid measurements only. 
 

Table 3 A-weighted emission sound pressure levels at all microphone positions 

Microphone 
Position 

A‐weighted Emission Sound Pressure Level, dB(A) re 20µPa 

Fan Speed

2  3  4 5 6 7 8  9  10

1  25.4  Invalid  34.3 37.1 42.7 44.3 48.4  49.7  49.6

2  Invalid  31.8  35.7 39.6 43.3 46.6 49.1  53.9  53.1

3  Invalid  28.5  36.3 37.6 42.8 46.8 50.8  54.6  54.3

4  Invalid 27.8  36.2 37.5 42.2 46.1 48.4  50.5  50.7

5  Invalid 27.4  33.5 36.5 41.0 45.3 48.0  51.1  50.8

6  Invalid 27.0  33.6 35.1 41.0 44.0 49.0  49.7  49.5

7  25.9  27.0  36.2 38.5 41.8 45.9 47.4  51.2  51.6

8  26.8  30.9  36.2 39.5 42.8 46.2 49.7  53.2  52.9

9  Invalid  29.5  36.2 39.1 42.7 47.6 50.5  51.3  51.3

10  24.4  28.0  35.0 37.7 44.1 46.1 48.8  52.9  53.1

11  25.4  28.9  36.1 37.5 42.2 47.0 47.5  51.7  51.8

12  23.5  25.6  34.6 35.4 41.5 47.8 46.4  48.5  48.2

13  Invalid  26.7  34.7 38.2 41.5 45.2 47.9  49.3  51.6

14  25.7  27.4  34.7 37.6 43.1 45.3 48.8  51.7  51.7

15  23.4  28.2  34.2 37.6 42.5 46.0 48.9  52.5  52.7

16  23.4  28.2  36.9 37.3 42.8 47.8 48.0  52.3  52.1

17  Invalid 28.7  35.1 36.2 43.0 44.0 47.6  51.0  51.7

18  Invalid Invalid  32.9 36.2 41.4 44.3 47.2  48.8  48.8

Average  25.01  28.51  35.3 37.6 42.4 46.1 48.6  51.6  51.7
 
Note 1: Calculated from valid emission sound pressure levels only 
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Figure 4 Average A-weighted emission sound pressure levels 

  
The average A-weighted emission sound pressure levels for fan speeds 2 and 3 are calculated from the 
valid emission sound pressure levels only. 
 
In order to provide additional information to Nuaire Ltd about the noise produced by the unit one-third 
octave band centre frequency emission sound pressure levels were calculated between 63 Hz and 10 
kHz. The position averaged emission sound pressure levels are given in Table 4. BS EN ISO 
11202:2009 states that if the difference between the noise levels when the unit is operational and not 
operational is less than 3 dB then the measurement is invalid. Where four or less of the microphone 
positions resulted in an invalid measurement the average emission sound pressure level is calculated 
from the valid measurements only. Fan speed 2 and 3 contained too many invalid measurements to 
warrant inclusion. 
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Table 4 Emission sound pressure levels for one-third octave band centre frequencies 

One‐third Octave 
Band Centre 
Frequency, Hz 

Emission Sound Pressure Level, dB re 20µPa 

Fan Speed

4 5  6 7 8 9  10

63  41.81  43.41  47.0  49.6  51.4  52.9  53.0 
80  39.01  41.4  43.1  45.1  47.4  48.1  48.3 
100  40.9  38.5  40.7  42.7  44.4  45.7  45.6 
125  42.6  47.1  44.2  45.9  47.6  49.1  48.8 
160  33.3  42.3  49.6  48.1  46.3  47.2  47.0 
200  33.3  38.2  44.8  54.3  55.8  55.9  55.9 
250  32.0  35.6  39.6  44.0  49.4  56.0  56.1 
315  25.6  29.0  32.8  35.8  38.6  41.2  41.1 
400  22.7  26.8  31.0  34.6  38.0  39.5  39.3 
500  21.51  25.9  30.7  33.5  36.4  39.0  38.9 
630  20.2  23.7  28.4  31.6  34.4  36.4  36.4 
800  21.5  26.7  29.6  32.6  35.2  37.2  37.1 
1000  31.0  23.1  35.2  31.5  33.4  35.4  35.4 
1250  21.1  23.8  26.9  30.1  33.3  40.6  40.7 
1600  18.2  20.3  25.4  28.5  30.9  34.2  34.2 
2000  18.3  21.2  25.4  29.1  31.6  33.7  33.7 
2500  16.8  20.7  25.2  28.5  31.4  33.5  33.5 
3150  14.5  17.7  23.5  26.8  29.5  31.6  31.6 
4000  16.1  19.0  24.1  28.2  31.4  33.6  33.4 
5000  Invalid  11.9  16.6  20.5  24.1  26.8  26.7 
6300  Invalid Invalid 11.4  15.8  19.4  22.2  22.1 
8000  Invalid Invalid 7.81 12.1  16.4  19.1  19.1 
10000  Invalid Invalid Invalid 7.7  12.0  15.1  15.4 

Note 1: Noise measurements contained four or less invalid measurements. 
 
 
 

7 COMMENTS/ANALYSIS 

 
Analysis of and comments on the test data is given below for airflow and noise test separately. 
 

7.1 AIRFLOW  

 
The airflow results for pitot traverse were not conducted below speed 4, where the average extract 
velocity was 2.3 m/s. As a general rule once velocity falls below 3 m/s methods other than pitot tube 
are preferred for air flow measurement. 
 
The balometer, although mainly designed as a balancing aid, uses a variation on a Wilson flow grid 
which gives a magnified signal compared to a pitot tube for the same air volume. It also gives a single 
reading, equivalent to a multipoint traverse. The disadvantage is that flows can only be measured at an 
open branch point, such that total airflow requires a summation of the branch measurements, with 
associated uncertainty for each branch measurement. 
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In this instance, while velocity was low, the readings obtained by traverse and balometer methods 
were stable and where readings using both methods were conducted at the same fan speed, correlation 
was close (within a 4% spread). 
 
It is therefore considered that the balometer readings can be used over the fan speeds and airflow 
range tested to determine total airflow with an uncertainty of  ±5%. 
 
Other points to note are that the static pressure in the supply branch was low and combination with the 
low velocities and duct layout gave an unusual effect of the air volumes in the two terminals nearest 
the heat recovery unit being approximately half that of the two terminals at the ends of the branches. 
 
The total air volumes for speeds 9 and 10 showed no significant difference (within 5%). 
 

7.2 NOISE 

 
The compliance of the calculated A-weighted emission sound pressure levels with the indoor ambient 
noise level criteria of BB93 for a classroom is given in Table 5. The 35 dB(A) criteria is met for fan 
speeds 2 to 4 and not met for fan speeds 5 to 10.  
 
Due to the survey grade accuracy of the measurement standard, assumptions made about the 
absorption of the training room, background noise corrections, and differences between the calculated 
emission sound pressure levels in the training room with measured ambient noise levels for the 
specific classroom installation and design, the noise levels measured in the training room may differ 
from the noise levels once the unit is installed and operational at the school. It may therefore be 
beneficial to carry out additional noise measurements once the unit is installed at the school to fully 
guarantee it’s compliance with the BB93 noise criteria. 
 

Table 5 Compliance of emission noise levels with BB93 

  Fan Speed

2  3  4 5 6 7 8  9  10

A‐weighted Emission 
Sound Pressure Level, 

dB(A) re 20µPa 
25.0  28.5  35.3  37.6  42.4  46.1  48.6  51.6  51.7 

Compliance with BB93 
noise criteria 
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8 CONCLUSIONS 

 
It is concluded from the tests that, using BB101 Clause 1.5.2  which states that an  8 l/s/per person 
capability be provided at all occupied times if a mechanical ventilation system is specified  and BB93 
Table 1.1, which states the upper limit for the indoor ambient noise level (LAeq,30min, dB) for a school 
classroom is 35 dB(A). 
 
The heat recovery unit XXB55, as tested in the Nuaire training room, demonstrated it was capable of 
meeting the BB101 ventilation rates/ per person and BB93 noise criteria for a non-specialist classroom 
at the following conditions: 
 
Fan speed Airflow l/s Occupants at 8/l/s/person A-weighted emission sound pressure level, 

dB re 20µPa 
2 156 19 25.0 
3 216 27 28.5 
4 294 36 35.3 
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