
Field measurement of air velocity: ~ 
pilot traverse or vane anemometer?l 

f 
A rotating vane anemometer at a downstream coil face can ( 
provide the same accuracy as an in-duct pitot tube traverse f 

i 

By Ronald H. Howell and Hany J. Sauer, Jr. 
f 

Fellow ASHRAE Fellow ASHRAE 

When making testing and balancing 
measurements in heating, ventilat

ing and air-conditioning systems, it is 
necessary to obtain field measurements 
of airflow rates in duct systems. The ac
curate measurement of airflow in an ex
isting duct system or at a coil is a very im
portant measurement and yet very dif
ficult to obtain. 

r---ASHRAE 

In most existing duct/coil situations, 
there is not sufficient straight duct length 
or even access to the duct in order to 
make pilot tube measurements. Some
times, the only possibility is to take veloci
ty measurements at the coil face, where 
there is usually access in large cabinets 
or built-up units, using a hand-held ane
mometer such as the rotating vane. 

Pltot tube measurements 
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When the pitot traverse is used in 
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round duct, 24 total and 24 static pres
sure measurements are taken at speci
fied locations along three defined dia
meters across the duct. Specifications for 
how and where these measurements are 
to be made are given in ASHRAE Stan
dard 41.2 (ASHRAE 1987). Specific de
tails concerning the calculation pro
cedure for airflow rate are also outlined in 
Standard 41.2. 

To have airflow measurements at 
standard density, it is necessary to take 
dry-bulb and wet-bulb temperature mea
surements and barometric pressure. It is 
also specified that the pilot tube traverse 
measurements are to be taken a mini
mum of 8-1/2 duct diameters down
stream from the last fitting and that a 
straightener needs to be installed five 
duct diameters upstream of the traverse. 
Additional details concerning pitot tube 
traverses, tube construction and applica
tions of tube traverses are given by 
Streeter (1961) and Dean (1953). 

Several sources, including Con
sidine (1976), also indicate that pilot tube 
measurements are not practical below a 
velocity of about 600 fpm. At this air 
speed, the velocity pressure would be 
0.0037 in. of water. It is impractical to ob
tain reasonable accuracy at a pressure 
this low during field measurements. 

Several investigations (Dean 1953; 
Sauer and Howell 1990) report that the 
uncertainty (difference between the true 
value of the quantity measured and the 
observed value) in the pitot tube traverse 
method is between 5 to 10 percent for 
field measurement conditions. Combin
ing these facts with the necessity for hav
ing at least 8-1 /2 duct diameters available 
for pilot tube traverses, there are many 
field measurement situations where a 
traverse cannot be used. 

Research 

Anemometer procedures ; 

Recently, ASH RAE Research Pro- l 
ject RP-451 (Howell and Sauer 1986, ! 
1987, 1989) addressed the problem of 
measuring airflow rates at coil faces us- ~ 
ing the rotating vane anemometer. An ii- ;, 
lustration of thi s technique is shown in j 
Figure 1. In a paper resulting from that ! 
research (Sauer and Howell 1990) , a ... 
measurement and calculation procedure ,. 
was developed (see Table 1). , 

In Table 1, all of the corrections for 
anemometer calibration density and ac- , ' 
tual air density are taken into account. In I 
Step 8, the volume flow rate through the . 
coil for standard density (0.075 lb/ft3) is 
calculated. In Step 9, the volume flow rate ' 
for the actual air density is calculated. i 
The procedures for anemometer calibra
tion density corrections and airflow den-11 

sity corrections are given by ASMEt 
(1959) and Ower and Pankhurst (1960). 

In the technical papers prepared 
from the results of ASHRAE RP-451, it is 
shown that the use of the k-factor concept~ 
and the above measurement and cal- ~ 
culation procedure using the 4-in. rotat
ing vane anemometer provides volume ... 
flow rates at coil faces to an accuracy of 
±7 percent, which is similar to the ac· ~ 
curacy obtained using pitot tube tra~~ 
verses (Sauer and Howell 1990; Howell ~ 
and Sauer 1990). The procedure is valid 
in a velocity range of 100 to 1,500 fpm. 
Upstream disturbances such as elbows, 
partially blocked coils, dampers and fan ~ 
blasts had virtually no effect on the ac· 
curacy of using the k-factor concept and 
procedure as long as the measured. 
velocities are positive and relatively 
uniform . 

Unfortunately, the complete meth· 
odology requires values of tube dis 

ASHRAE JOURNAL March 199C· 



r: proceedings of the ASHRAE IAQ 89 Conference in San Diego, CA 

r? The Human Equation: Health and Comfort 

an 
~se In the tradition of IAQ 86, '01and88, ASHRAE 

brings you the collection of indoor air quality 
conference papers presented in 1989-The 
Human Equation: Health and Comfort. 

This year the focus of the 1989 conference 
was on the human effects of indoor air quality 
-a timely subject as the general public 
becomes more sensitive to indoor air quality 
issues. 

The topics covered include: government 
activities in indoor air quality; pollutants 
and respective health effects; epidemio
logic approaches; air purification and 
humidity; ventilation and pressurization; 
case studies and investigations, evaluations 
and calculations. 
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Air velocity 

meter, tube spacing , fins per inch, num
ber of tube rows, and actual air density. 
Of interest is the loss in accuracy if these 
factors are not known. Two specific cases 
of proceeding with less than complete 

input were evaluated: density correction 
neglected ; and correlation of k-factor 
with face velocity only. 

A modified procedure without densi
ty correction is identical to the previous 

Figure 1. Positioning of rotating vane anemometer on the downstream side of 
dry coil at the face. 

.. ·. 

procedure except that the velocit) 
readings obtained in Step 4 are not cor 
rected to standard density at which thE 
anemometer was calibrated as indicatec 
in Step 5. The modified procedure i~ 
given in Table 2. 

Simplified procedure 

In this procedure, the k-factor is cor 
related only to face velocity and neglectf 
the separate effects of all other coil parn. 
meters, including air density. Figure ;: 
shows all of the k-factor data for the 4-in 
anemometer at all of the coil faces testec 
in ASHRAE RP-451. The best fit curve 
has been put through the data and the 
± 10 percent deviation lines are alsc 
shown. Virtually all of the results lie withir 
the ± 10 percent accuracy limits . 

In Figure 2, the k-factor is plottec · 
versus the average anemometer velocity 
of the traverse. By using the equatior· 
given in Figure 2, the user does not neec . 
to know number of rows, fins per inch , 
tube spacing or tube diameter for the j 
coil. This simplified procedure is given ir. 
Tabie3. I 
Comparison of the procedures I 

Calculations were made for various 

Selected Function 
Modules Available 

l 
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® ® 
/lllQDU-/lllAX by H~CAC uses a "building block" 

concept to create water treatment systems which meet a wide 
range of specifications . This modular approach to cooling tower and 
boiler water control offers flexibility previously nonexistent on 
conventional controllers. Each controller is manufactured to 
customer's specifications . This feature enables the user to "build" 
each controller with basic components and odd-on modules to 
accomplish only the functions required for each installation. 

CALL TODAY, FOR A QUOTE TO YOUR SPECIFICATIONS 
800-638-9566 or 301-228-5111 

(Circle No. 29 on Reader Service Card) 

e Boiler Blowdown Control Module 
with Indicating Dial or Bar 
Graph Display 

e Tower Conductivity Control 
Module with Indicating Dial or 
Digital Display 

e pH Control Module 

e Counter - Timer Control Module 

e Hi- Lo Conductivity Alarm 
Module 

e Flasher/Driver Module for 
Alarm Outputs 

e Time - Out Module to Eliminate 
Overfeed 

• Various Relay Modules 

CAMBRIDGE SCIENTIFIC INDUSTRIES: 
• ' '- ~C)x ,:Jb~ 1 ~'l.f'vlHH!f-:J, ,f V11 'b' J ..,.. 
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rows of tubes, tube diameters, tube spac
ing and fins per inch on coils with various 
values of air density. In these calcula
uons. the average velocity reading for the 
anemometer is varied from 100 to 1,400 
fpm Fo~ all of these conditions, the actual 
volume flow rates are determined using 
the three measurement techniques de
scribed in the three tables. 

The volume determined using the 
technique without density correction 
(Table 2) is compared to the RP-451 
:echnique (Table 1). The simplified pro· 
cedure in Table 3 is also compared to the 
RP-451 technique. The maximum error at 
600 tom in reference to the RP-451 
:ecr!'.(1ue is computed for density varia· 
:ion between ± 10 percent of standard 
'.Jensrry. 

In Figure 3, the error in the airflow 
measured quantity in percent is plotted 
for variations in the air density of plus to 
minus 10 percent from standard density 
of O.D75 lb/tt3. One bar graph is for the 
Modified Procedure Without Density 
Correction (Table 2). The maximum error 
~ound there was about ±5 percent for a 
: 10 percent departure in the air density 

:rom standard density. 
The other bar graph is for the Sim· 

plified Procedure (Table 3) . The max
imum error for this procedure was plus 1°7 
percent to minus 19 percent for a density 
departure of ± 10 percent. However, 
observe that at standard density (0 per
cent departure from standard density in 
Figure 3), the error due to not consider
ing rows of tubes, tube diameter, tube 
spacing and fins per inch was ±13 per
cent. This means that there is still about a 
±5 percent deviation due to ignoring 
density corrections with a ± 10 percent 
density variation in this technique. 

Conclusions 

For the greatest precision in using a 
rotating vane anemometer at a coil face, 
the RP-451 Measurement and Calcula
tion Procedure shown in Table 1 should 
be used. This technique yields volume 
flow measurements accurate to within 
± 7 percent, similar to the accuracy ex
pected from pilot tube measurements. 

If the Modified Procedure Without 
Density Correction shown in Table 2 is 
used, up to an additional ±5 percent 
error could occur if the density is different 
from standard air density by ± 10 
percent. 

If the Simplified Procedure shown in 
Table 3 is used, an additional error of up 
to 19 percent in comparison to the 
RP-451 Measurement and Calculation 
Procedure could occur, with a density 
departure from standard air density of 
±10 percent. 

The user would have to decide how 
much error can be tolerated in trade-off 
for the simpler procedure in taking mea
surements. In general, it appears that the 
additional accuracy is well worth the ef· 
fort required in measuring the air density 
and determining the number of rows, 
tube diameter, tube spacing and fins per 
inch. 

Table 1. RP-451 Measurement 
and Calculation Procedure 

Step 1. Mark the coil so that standard and 
offset location readings can be taken on 
a dry coil on the downstream side. This 
should all be done according to the pat
tern indicated in Figure 4. 

Step 2. Measure the coil height and 
width, and calculate the coil face area 
from 

A= H x L/144 
where: 

Now you can get the Apco-matic Variable Speed 
Pumping System from Aurora Pump. 

• Competitive Price 
• Lowest Installation Cost 
• Easy to Install 
• Easy to Start Up 
• Easy to Use and Upgrade 

You save money in a wide range of HVAC pumping 
applications with the Apco-matic Variable Speed Pumping 
System. 

Now you can get this dependable, reliable, and easy to use 
system that has been field-proven in thousands of installations 
for over 25 years. 

Write or call for a free product bulletin. 

800 North Airport Road 
North Aurora, IL 60542 

TEL: (708) 859-7000 
FAX: (708) 859-7060 
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Air velocity 

A = coil face area, ft2 

H = height of coil, in. 
L = length of coil, in. 

Step 3. With the air flowing through the 
coil, measure the air dry-bulb tempera
ture, the wet-bulb temperature. and the 
barometric pressure. Calculate the spe
cific volume of the air flowing through the 
coil from 

v = R8 T/P (1+1.6078 W) 

where: 
v = specific volume, ft3 /lb 

Ra = gas constant for air, 

and 

53.35 ft-lb1/lbm 0 R 
T = absolute temperature, 0 R 
P = total pressure. lb1/ft2 

W = ·humidity ratio, lb)lba 

w = (1093 - o.556 n w; - 0.24 (t - 1·) 
1093 + 0.444 t - t* 

where: 
t = air dry-bulb temperature. °F 

t* = air wet-bulb temperature, °F 
W5 = humidity ratio of saturated air at 

the wet-bulb temperature 

P* ws = 0.62198 p - WP* 
w 

P~ = saturation pressure for water 
vapor at the wet-bulb 
temperature 

Step 4. Using a calibrated 4-inch rotating 
vane anemometer (calibrated to stan
dard density air), take 19 velocity read
ings at the standard location and 19 
readings at the offset location (Figure 4). 

a Measured 
Best Fit 
±.100/olines 

KAPROX = 0.616149 + 1.835E-04 x VAVG + 9.59 E-08 x VAVG 2 

where: 

50 

KA PR OX = approximate k-factor tor the001I w1th·ou1 correcung lor density. 
rows of tubes. tube spacing, tOl:le dla'meter. a,nd fins per in. 

VAVG = average air velocity for the 3&measured c0ll velocities from a 
traverse. fpm 

0:3 0.5 0. 7 O ;~ t. I 1.3 

(Thousands) 

·K-factor variation with velocity only. -------

Departure from Standard Density, o/o 

Figure 3. Comparison of the technique accuracy evaluated at 600 
fpm face velocity. 

.. 

These are to be fixed location readings 1~ •• 
allowing a reasonable time for the ane
mometer to respond to the velocity at that 
location (5-15 seconds}. 

Step 5. Correct the measured velocity 
readings from Step 4 to standard density 
air at which the anemometer was cali
brated according to 

MVSTD = V x (13.33/v)1
' 2 

where: 
V = measured velocity, fpm 
v = specific volume of air. ft3/lb 

MVSTD = corrected velocity for calibra
tion density, fpm 

Step 6. Determine the average velocity 
reading at the coil face using 

where: 

38 

!:; MVSTD; 
MVSTDAV = _i=-1---

38 

MVSTDAV average air velocity for 
the 38 measured coil 
velocities. fpm 

Step 7 Determine the K-factor for this coil J. 
from the following equation. 

KSTD = a0 + a, x MVSTDAV 

where: 

+ a2 x ROWS + a3 x FPI 

+ a4 x SP + a5 x D 

+ a6 x MVSTDAV2 

MVSTDAV = average air velocity for 
the 38 measured coil 
velocities. fpm 

ROWS = number of rows deep of 
tubes in coil 

FPI = fins per inch for the coil 
SP = tube spacing at the coil 

face. in. 
D = tube outside diameter, in. 

KSTD = k-factor for coil 
and for 4-in. anemometers 

aa o.65204515 
a, 0.0001761 63 
a2 0.000971875 
a3 = - 0.006745072 
a4 0.04736985 
a5 = - 0.091 11 685 
a6 = -8.68316 E- 08 

Step 8. Calculate the volume flow rate 
through the coil from 

OSTD = Ax MVSTDAV x KSTD 

where: 

QSTD = volume flow rate at stan
dard density air, scfm 

Step 9. If the actual flow rate is desired, 
calculate this from 

OACT = QSTD x v/13.33 

where: 

OACT =volume flow rate at actual i 
density air ihrough the 

- coil, fpm 
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Table 2. Modified Procedure 
Without Density Correction 

Step 1. Mark the coil s.o that standard 
and r, ffset location readings can be tak
en or; a dry coil on the downstream side. 
This should be done according to the 
pattern indicated in Figure 4 . 

Step 2. Measure the coil height and 
width, and calculate the coil face area 

from 
A = H x L/144 

y 
z 

1 

A • 012 
' B~ L+ 2Dl6 
C~L+0/4 
E •· 2L + 016 
f•U2 ... 
, .. 
~ 

~ .. 0 +SP/2 
· N; ... H + D-4SP/4 
·O H-SP/2 
P.-..c3Ft-D-2SP/4 
0 ~ 2H-_D-SP/l 

where: 
A = coil face area, ft2 

H = height of coil, in. 
L = length of coil, in. 

Step 3. Using a calibrate 4-in. rotating 
vane anemometer, take 19 velocity read
ings at the standard location and 19 
readings at the offset location (Figure 4). 
These are to be fixed location readings 
allowing a reasonable time for the ane
mometer to respond to the velocity at 
that location (5-15 seconds). 

u = 012 
W=H+D/4 
X = Hl2 
Y = 3H-D/4 
Z = H-012 

H =-Height of coil, in. 
l - Length of coil, in. 
D = Diameter of rotating 

vane anemometer 
head, in, 

SP= Tube spacing of 
coil. in. 

ct:f. Figure 4. Location of anemometer readings taken on a dry coil on the 
downstream side for the k-factor procedure. 
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Step 4. Determine the average velocity 
reading at the coil face using 

38 

L V; 
VAVG =~ 

where: 
38 

V; = measured velocity at the 
ith location on the coil 
face, fpm 

VAVG = average air velocity for the 
38 measured coil 
velocities, fpm 

Step 5. Determine the K-factor for this coil 
from the following equation. 

where: 

KA = Clo + a1 x VAVG 

+ a2 x ROWS + a3 x FPI 

+ a4 x SP + a5 x D 

+ a6 x VAVG2 

KA = K-factor for this coil without 
any density correction factor 

VAVG = average air velocity for the 38 
measured coil velocities, fpm 

ROWS = number of rows deep of tubes 
in coil 

FPI = fins per in. for the coil 
SP = tube spacing at the coil face, 

in. 
D = tube outside diameter, in. 

and for 4-in. anemometers 

a0 0.65204515 
a1 0.000176163 
a2 0.000971875 
a3 = - 0.0067 45072 
a4 0.04736985 
as = - 0.09111685 
a6 = -8.68316 E-08 

Step 6. Calculate the actual volume flow 
rate through the coil from 

QACT = A x VAVG x KA 

where: 
QACT = volume flow rate at ac

tual density air through 
the coil, cfm 

Step 7. If the volume flow rate of standard 
density air is desired, calculate this from 

QSTD = QACT x 13.33/v 

where: 
QSTD = volume flow rate at stan

dard density air, scfm 
v = specific volume of the air 

flowing through the coil. 
This can be determined 
from Table 1, Step 3. 

Table 3. Simplified Procedure 

Step 1. Mark the coil so that standard 
and offset location readings can be tak
en on a dry coil on the downstream side. 
This should be done according to the 
pattern indicated in Figure 4. 
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Air velocity 

Step 2. Measure the coil height and 
width, and calculate the coil face area 
from 

where: 

A=Hxl 

A = coil face area, ft2 

H = height of coil, in. 
L = length of coil, in. 

Step 3. Using a calibrated 4-in. rotating 
vane anemometer, take 19 velocity read
ings at the standard location and 19 
readings at the offset location (Figure 4). 
These are to be fixed location readings 
allowing a reasonable time for the ane
mometer to respond to the velocity at 
that location (5-15 seconds). 

Step 4. Determine the average velocity 
reading at the coil face using 

where: 

38 

I; V; 
VAVG=~ 

38 

V; = measured velocity at the 
ith location on the coil 
face, fpm 

VAVG = average air velocity for the 
38 measured coil 

velocities, fpm 

Step 5. Determine the K-factor for this coil 
from the following equation from Figure 
2. 

KAPROX = 0.616149 + 1.835E-04 
x VAVG + 9.59E-08 VAVG 2 

where: 
KAP ROX = approximate K-factor for 

the coil without correcting 
for density, rows of tubes, 
tube spacing, tube dia
meter, and fins per in. 

Step 6. Calculate the actual volume flow 
rate through the coil from 

OACT = A x VAVG x KAPROX 

where: 
OACT = volume flow rate at actual 

density air through the 
coil, cfm 

Step 7. If the volume flow rate of standard 
density air is desired, calculate this from 

QSTO = OACT x 13.33/v 

where: 
QSTD = volume flow rate at stan

dard density air, scfm 
v = specific volume of the air 

flowing through the coil. 
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• IMPROVEMENT OF ENVIRONMENTAL CONDITIONS 
Low noise and low drift types can be supplied on request 

• WITH HIGH EFFICIENCY AND LOW OPERATION COST 

MEMBER OF 
COOLING TOWER INSTITUfE 

The axial flow Ian is selected for maximum performance with minimum 
energy consumption 

• LONG LIFE TOWER 
Made of NON-CORROSIVE material, assures you of MINIMIZED 
maintenance cost 

• EASY INSTALLATION AND RELIABLE OPERATION 
With lighter weight and "BOITLE" shaped design, assures you of a great saving in 
MONEY and MANPOWER at installation and in reliable plant operation 

• MESAN COVER FULL RANGE OF COOLING lUWERS 
Towers for use both in AIR CONDITIONING plants and INDUSTRY are available 
at anytime 

• CONTROLS MICROBIAL CONTAMINATION 
Meets Australian Standard on measures to control Legionnaires' Disease 
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