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I
n N ovember 1997, I was hired to 
design a HY AC system and to per
form the final test and balance 
(TAB) of all systems for a $7 -mil

lion chemical laboratory facility in An
garsk, Siberia. After I carefully set the 
flow of air in a rectangular du ct at 
19,000 cfm, Russian ventilation spe
cialists told me that they measureJ it at 
21,000 cfm. 

Such a discrepancy was typical for 
rectangular ducts on that project . Al
though I was able to convince the 
technicians that my readings were ac
curate, I was curious enough about 
their procedures that I built a full
scale fan and duct assembly (see pho
tograph) to conduct experimental 
duct traversals upon my return home. 
What l discovered was that the Rus
sians did not  use the equa l - area 
method, which is po pular in the 
United States, as I had assumed (a de
scription of the Russians' method is 
beyond the scope of this article\. But 

even more surprising - and of greater 
importance to design engineers and 
TAB contractors in the United Srntes 
- was my discovery that the equal
area method is in itself flawed, failing 
to consider lower "fall-off' air veloci
ties along duct walls and, thus, consis
tently overstating air flows. As I began 
tu develop my own traversal method 
to capture the slower velocities,  I 
learned of a seldom-used procedure 
ca lied log-T chebycheff. 

Through my tests, I discovered that 
results from the equnl-arca method al
ways arc i n  e rror - from 5 percent to 
a consistent 9 percent up to 20 per
cent above actual air flow -- which 
su p ports st atements made in 
ANSl/ASHRAE St andard 1 1 1-881 

and the ASHRAE '97 Fundamental 
Handbook . 1 Yet, despite this a n d  
many TAB contractors' acknmvledg
ment that there is little or no differ
ence in contract cost, labor, and time 
between the equal-area and log
Tchebycheff methods, the former is 

1 Su/iersuipr numerals indicare references li.1ted 
ar end of article. 
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PHOTO A (above). The full-scale fan and 

duct assembly, which features a 48-by-12-

in. rectangular duct. Note the red plugs, 

which are stopping holes drilled at 3, 9, 15, 

21, 27, 33, 39, and 45 in. across the top and 

3 and 9 in. down the side for the traversal of 

the duct using the equal-area method. 

used almost l'Xclusivdy in the United 
States, with the differences in results 
rt1utincly dismbscd as "insignificant." 

This article describes and compares 
the equal-;irea and log-Tchebycheff 
methods for rectangular ducts  and 
shows why the latter is superior. A !so, 
it makes recommendations for widen
ing the use of the log-Tchebycheff 
method throughout the industry. The 
Llbjectivc is correct testing and balanc
ing Llf HVAC des igns , with the ulti
mate goal of proper air distrihutiun, air 
pressures, and induur ;iir quality (IAQ) 
in all buildings. 

By specifying that the log-Tchchy
cheff method be used for TAB rt.:ports, 
design eng inl'ers would rt.:ducc the 
number of dis putes they nften find 
themselves in hec<1usc of inaccurate 
test results. 



-----·-··--------- - --·· -- -- -·- -·· -·--··--· ·- -- ··-- ---- ----··----------· 

BACKGROUND 
The equal-area method of measuring 

air flow in recrnngtdar ducts and the 
log-linear method of measuring air flow 
in round ducts were devised hy a group 
of engineers sometime hefore 19 52. 
Later, during the 1970s and '80s, two 
organizations - the Assuciated Air 
Balance Council (AABC) and the Na
tional Environmental Balancing Bu
reau (N EBB) - were established, be
coming the only nationally recognized 
agencies th<H field-test and certify air
flow measurements f\lr rectangular and 
round ducts. 

In 1977, a mathematician with the 
last name of Tchebychcff (pronounced 
"che-boo-chef") developed his own 
methods of measuring air flow in rect
angular ducts and round ducts. Simply 
called "log-Tchcbychcff," the methods 
were puhlishcd in International Orga
nization for S ta ndardiz a tion Nn. 
3966). I 

About 10 years later, the AABC and 
the NEBB adopted both of Tchehy
cheff's methods and included them in 
their standards as an option to the 
equa l - area method for rectangular 
ducts and the log-linear method for 
round ducts.4·' However, n<> con
tracted AABC or NEBB wmpany has 
used m will use the log-Tchebychdf 
mt.:t11l)d for rectangula r ducts. (The 
log-Tchcbycht.:ff and log-linear meth
ods for round ducts produce the same 
rt.:sults.) 

TRAVERSING A DUCT 
Jn traversing a duct, holes arc cut 

down one side or across the top or bot
tom of the duct at spacings determined 
by the mcthml being used. A measure
ment probe, such a s  a hot-wire 
anemometer l)r pi tot tuhe, then is in
serted in the first hole. 

The dimension of the duct walls and 
the method being used determint.: the 
dt.:pths to which the probe is inserted 
and the number of air-velocity mea

surements - in feet per minute (fpm) 
- that arc taken. For examp le , relative 
to the inner wall of a 12-in. duct, read
ings would be taken at 3 and 9 in. using 
the equal-area method and at 1. 5, 6, 
and I 0. S in. using the log-Tchebycheff 
method. (The larger the size nf the 
duct, the greater the number of traver-

sal points, regardless of method.) The 
process is repeated for each hole, with 
the readings rnken at all  traversal 
points then added, averaged, and mul
tiplied hy the duct 's cross-sectional 
area to determine volumetric air flow, 
measured in cubic fe et per minute 
(cfm). Figures I and 2 show the trnvcrc 
sal points fnr a 30-in . square duct using 
the lng-Tchebycheff and equal-area 
methods, respectively. 

Note that the algorithm that deter

mines the spacing of traversal points 
for the equal-area method results in 
equal distances between points, while 
the algorithm for the log-Tchehycheff 

Votes of confidence 

COMPARING THE METHODS 
My experiments showed that the 

equal-area method overstates air flow, 
which can be attributed to the mea· 
surement and averaging of only the air 
velocities of the interior. The log
Tchebycheff method, on the other 
hand, takes into account lower air ve
locities - caused by friction and 
other phenomena - along duct walls 
and in duct corners, which are aver
aged with higher air velocities of the 
interior. 

To illustrate the potential threat to 
the safe operation of HVAC systems 
post.:d hy use of the equal-area 

" ,  .. 
The following exclusively endorse the log-Tchebycheff method for 

rectangular ducts: 

-, 
. .  

. · . •  ··.�! 

"Y AMCA Publlcatlon 201-85, Fans and Systems. 
"Y AMCA Publlcatlon 501-93, Application Manual for Air Louvers. 
"Y AMCA Publlcatlon 502-89, Damper Appl/est/on Man1,1al. . · .. .. :; ·� "Y AMCA Publication 503-93, Fire, Ceiling and Smoke Darilpers ; · - · . . '·:��: 

Applications. 
' · · 

. · .. ;�;, ·:o. _:-; 
"Y AMCA Standard 500-0-98, Laboratory Methods of Testing Dampers'._. ;;;:! 

for Rating. ··i· · 
.• , ·1. 

"Y AMCA Standard 500-L-99, Laboratory Methods of Testing Louvers':•:-:.,.<'· .. f.:. 
for Rating. .. .. �·:"/: -�� 

• • . .•,\. ·�f!I 
"Y AMCA Standard 803-87, Site Perfonnance Test Standard. . :.: .1 >�i;r;g "Y ANSVAMCA Standard 210-85, Laboratory Methods of Testing Fans for-�1. .. · ,: 

Aerodynamic_ Perfonnance. · . : ::� .. >):,.��'. 
"Y ANSVAMCA S�ndard 610-93, Methods of Testing Alrfi,ow Me�u��lf''1��-4.� Stations for Rating. · �· :.-.. :,, ����V: 
"Y ANSV�SHRAE Standard 51-1985, LaboratoryMethods-ofT�P,t)ll'ff..�r.fi�'_ 

for Rating. . 
· .· ·'1������ ·f.t"��-"Y ANSVASHRAE Standard 111-88, Practices for Measurement, Testlngh�¥· 

Adjusting and Balancing of Building Heating, Ventilation, Air Condltf!intng"!,;�· 
d R ' . t' s t .• ,. • . • ,l"'ti J an eingera ion ys ems. ., . ·. · : !>'·hY�.';· ·r.r 

"Y ASHRAE '97 Fundamental Handbook, Measurement and lnstrurmmts. ".'. �: 
"Y ASH RAE '99 Appllcatlons Handbook, Testing, Adjusting and eiJanctng. ·:��� 
"Y HEVAC 1981, Fan Application Guide, HVAC Manufacturing Assoclatlon:t �! 
"Y International Organization for Standardization 3968, MeasuiWmerit o; '? 

Fluid Flow in Closed Conduits. · 

method results in a higher density of 
readings toward the 1111cidle of thl.' duct, 
as well as readings closer to the walls. 
This hetter appniximates the shape of 
an air stream. 

A lthough t he log-Tche bychcff 
method usually rt.:quires the drilling of 
an additional hole and the raking of 
additional measurl·mcnts, thl· l'Xtrn 
work s�uuld require little or no addi
tional cost. 

methtid, let's say that the method is 
used to measure air flow in a rectangu
lar duc t at the design flow rate of 
60,000 cfm. While the log-Tcheby
cheff method would have produced a 
more accurate measurement of 55,000 
cfm, the 8.3-percent difference is "in
significant," falling within the indus
try stand<ird of tolerance of ± 10 per·· 
cent. However, let's now s<iy that the 
air flllW in chat same duct is set, using 
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TRAVERSING DUCTS 

Log·Tchebychett method for rectangular ducts 

�--------�;»,\ f').�J, m ���· 
Duct wall 

"dlmen1lon 
In. 

<30 
30·36 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
24 
26 
27 
28 
29 

Po111lon relaUn lo Interior wall fraction ol lotal 
0.074 0.286 0.500 '0.712 0.926 
0.061 0.235 0.437 0.563 0.765 0.939 
0.053 9.203 0.366 0.500 0.634 0.797 0.947 

3(a) 1.0 
3(a) 1.0 
3(a) 1.0 
3(a) 1.0 
3(a) 1.5 
3(a) 1.5 
3(a) 1.5 
3(a) 1.5 
3(a) 1.5 
3(a) 1.5 

4(a) 1.5 
4(a) 1.5 
4(a) 1.5 
4(a) 1.5 

----it��·'. 
. Poslllon ra11Uv1 lo Interior wall (In.) 

2 3 4 5 II 7 
3.0 5.0 
3.5 6.0 
4.0 7.0 
4.5 8.0 
5.0 8.5 
5.5 9.5 
6.0 10.5 
6.5 11.5 
7.0 12.5 
7.5 13.5 

5.8 10.2 14.5 
6.2 10.8 15.5 
6.5 11.5 16.5 
6.8 12.2 17.5 

1.5 5.8 10.0 14.2 18.5 
1.5 6.0 10.5 14.9 19.5 
1.6 6.3 11.0 15.7 20.4 
1.8 6.9 12.0 17.1 22.2 
1.9 7.5 13.0 18.5 24.1 
2.0 7.8 13.5 19.2 25.0 
2.1 8.0 14.0 19.9 25.9 
2.1 8.4 14.5 20.6 26.9 

B 

the equal-area method as a gauge, at 
55,000 cfm. Little would the contrac
tor know that the air flow actually is 
around 50,000 cfm, which would have 
been discovered using the log
Tcheb ycheff metho d and which 
would be unacceptable by industry 
standards at 16. 7 percent below de
sign flow. Eventually, the bu ilding 
would experience serious lAQ prob
lems . 

The following analogy may help 
clarify the issue: You are driving your 

30 
32 
34 
35 
36 

6 
6 
6 
6 
6 

1.8 7.0 13.1 16.9 22.9 28.2 
1.9 7.5 14.0 18.0 24.5 30.1 f-----0.939 02-----1 
2.1 8.0 14.8 19.1 26.0 31.9 ·�----- 02-------< 
2.1 8.2 15.3 · 19.7 26.8 32.9 
2.2 8.5 15.7 20.3 27.5 33.8 

37 
38 
39 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 

Notes: 

2.0 
2.0 
2.1 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.8 
2.9 
3.0 
3.1 
3.2 

7.5 13.5 
7.7 13.9 
7.9 14.3 
8.1 14.6 
8.5 15.4 
8.9 16.1 
9.3 16.8 
9.7 17.6 
10.1 18.3 
10.6 19.0 
10.9 19.8 
11.4 20.5 
11.8 21.2 
12.2 21.9 

18.5 23.5 29.5 35.0 
19.0 24.1 30.3 36.0 
19.5 24.7 31.1 36.9 
20.0 25.4 31.9 37.9 
21.0 26.6 33.5 39.8 
22.0 27.9 35.1 41.7 
23.0 29.2 36.7 43.6 
24.0 30.4 38.2 45.5 
25.0 31.7 39.8 47.4 
26.0 32.9 41.4 49.2 
27.0 34.2 43.0 51.1 
28.0 35.5 44.6 53.0 
29.0 36.8 46.2 54.9 
30.0 38.0 47.8 56.8 

(a) Through results of fan/duct assembly experiments, it Is acceptable to apply these variations: 
Dimension No. 1paclnq1 Positions 
< 9 In. 3 First two points 1.0 In. from opposite walls; 

third point In the middle. 
10· 15 In. 3 First two points 1.5 In. from opposite walls; 

third point In the middle. 
16· 19 In. 4 First two points 1.5 In. from opposite waits; other 

two points spaced equally between first two points. 

FIGURE 1. Log· Tchebycheff traversal points and spacing algorithm for B·ln. square duel. 
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car on a freeway where the minimum 
speed is 60 mph and the maximu m 
speed is 80 mph. Preferring to drive 
in the slower right-hand lane at 60 
mph, ynu arc unaware that your 
speednmeter is miscalibrated by - 5 
mph. A police officer clocks you at 
SS mph (-8.3 percent), a speed not 
quite sluw enough to warrant a 
ticket. Still believing that you are 
driving 60 mph, you decide to slow 
down rn an acceptable 5 5 mph. The 
police officer then clocks you at 50 
mph (- l6.7 percent) and pulls you 
nver. In effect, your speedometer rep
resents the e qual -area method and 
the radar gun represents the log
T chebycheff method. 

FIELD EXPERIENCE 
As an example of how inaccurate 

TAB reporting can he, consider the 
following. In 1998, I designed a cnn-



---------------- -

Equal-area method for rectangular ducts 

SPACING ALGORITHM 
. . 

.• 1 .. ,, • .-�,� .i!. 
x y (a) l12 z + z(2) + z(3)+ z(4) + z(5) + z(6) + z(7) + 

l12 l12 l12 "112 "112 "112 "112 

CALCULATED SPACINGS .• •. :,�. i :-� 
Dimension No. 

(In.) Spacings 1 
Position relallve to Interior wall (In.) 

2 3 4 5 6 7 B 
6 1 3.0 
7 1 3.5 

8 2 2.0 4.0 
9 2 2.3 6.7 

10 2 2.5 7.5 
11 2 2.7 8.3 
12 2 3.0 9.0 

13 3 2.2 6.5 10.8 
14 3 2.3 7.0 11.7 
15 3 2.5 7.5 12.5 
16 3 2.7 8.0 13.3 
17 3 2.B 8.5 14.2 
18 3 3.0 9.0 15.0 

19 4 2.4 7.1 11.9 16.6 
20 4 2.5 7.5 12.5 17.5 
21 4 2.6 7.9 13.1 1 B.4 

z(8) + 
"112 

9 

YA! 
I 

Y/4 

22 4 2.B B.2 13.7 19.2 Y Y/4 
24 4 3.0 9.0 

26 5 2.6 7.B 
27 5 2.7 8.1 
28 5 2.8 B.4 
29 5 2.9 B.7 
30 5 3.0 9.0 

32 6 2.7 8.0 
34 6 2.8 8.5 
35 6 2.9 8.B 
36 6 3.0 9.0 

37 7 2.6 7.9 
38 7 2.7 8.1 
39 7 2.8 B.3 
40 7 2.9 B.6 
42 7 3.0 9.0 

44 B 2.8 B.2 
46 8 2.9 B.6 
48 8 3.0 9.0 

50 9 2.8 B.3 
52 9 2.9 8.7 
54 9 3.0 9.0 

56 8(c) 3.5 10.5 
58 8(c) 3.6 10.B 
60 8(c) 3.8 11.2 

Notes: 

15.0 21.0 

13.0 18.2 23.4 
13.5 18.9 24.3 
14.0 19.6 25.2 
14.5 20.3 26.1 
15.0 21.0 27.0 

13.3 18.7 24.0 
14.2 19.8 25.5 
14.6 20.4 26.2 
15.0 21.0 27.0 

13.2 18.5 23.B 
13.6 19.0 24.4 
13.9 19.5 25.1 
14.3 20.0 25.7 
15.0 . 21.0 27.0 

13.7 19.3 24.7 
14.4 20.1 25.B 
15.0 21.0 27.0 

13.9 19.4 25.0 
14.4 20.2 26.0 
15.0 21.0 27.0 

17.5 24.5 31.5 
18.1 25.4 32.6 
18.7 26.3 33.7 

29.3 
31.2 
32.1 
33.0 

29.0 
29.9 
30.6 
31.4 
33.0 

30.2 
31.6 
33.0 

30.5 
31.8 
33.0 

38.5 
39.8 
41.2 

34.4 
35.3 
36.2 
37.1 
39.0 

35.7 
37.3 
39.0 

36.1 
37.5 
39.0 

45.5 
47.1 
48.7 

41.2 
43.1 
45.0 

41.6 
43.3 
45.0 

52.5 
54.4 
56.2 

Y/4 

YA! 
I 

47.2 
49.1 
51.0 

(a) y (the least number of points) = x in. (duct-wall size) I (any whole number or fraction 
between 1.0 and 6.0 in.) 

(b) z in. (hole spacings)= x in. (duct-wall size) I y. For duct sizes equal to 56 in. and larger, 
use only B points. 

FIOUFIE 2. Equt1l·t1rea traversal points and spacing algorithm for 6-ln. square duct. 

vent illn;il decoupled air-condition
ing system for a new two-story ele
mentary school. While reading the 
certified TAB report, I discovered 
that: 

•Although an air-handling unit de
signed for 5830 dm was supplying a 
very good I 04 percent of design out
side-air flow directly to the space, the 
main duct was traversed by the equal
area method to be 125 percent. 

• Another air-handling unit, de
signed for 3800 cfm, was supplying a 

lY4-
x 

lY4- �-I 

very good 107 percent of design out
side-air flow directly to the space, but 
the main duct was traversed by the 
equal-area method to be 119 percent. 

•Although an exhaust fan designed 
for 2875 cfm was exhausting a very 
good 98 percent of design air 'low di
rectly from the space, the main duct 
um traversed by tht equal-area method to 
be 143 percent. 

• Another exhaust fan, designed for 
2 295 cim, was exhausting a very good 
99 percenr of design air flow directly 
from the space, but the main duct was 
traversed by the equal-area method t o  be 
15 6 pcrceru. 

During construction, these same 
duct systems were pressure-tested and 
certified hy that same TAB contractor 
as nnt exceeding LS-percent leakage. 
If he haJ traversed the main duct first 
and set the air flow to what he believed 
to have heen the design quantity, my 
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Fan/Duct Assembly Experiments 

The sketch below shows a fullscale bell-driven fan and duct assembly that was built for the 
performance of duct-traversal ex
periments. Results lrom the exper

iments, which were conducted on 

three separate days, show slight 
variations due to normal ambient 
variables sucl1 as outside air tem

perature and density. Supply air 

from the Ian was traversed in the 
round duct that leads to the rect

angular duct. Air in the rectangular 
duct then was traversed using 

Fan/duct assembly and traversal pararneters . 
trilr"� '°''· ;; DUCT DIMENSIONS · · ·· ·, •/ .:� '•",}; 'Jfiiff.' ;··· 

Widlh: 48 in. 
Height: 12 in. 

Cross-sectional area: 4 SQ II 

t:t1];!f{1J:1tJli;f,\IJ3;J:fJf:JJ.13!:DlfOM{Jaiir�: 
Equal-area 3 0  90 15.0 21 0 

Log-Tchebychefl 2.5 97 17.6 2 4  0 

Equal-area 3.0 90 

Log-Tchebycheff 0.074 0 288 0 500 0 712 

27 0 

30 4 

0 926 

33 0 39 0 45 0 

.38 2 45 5 

equal-area method spacings, with extra measurements taken at the top and bottom of the duct. Pilot tube readings 

taken horizontally were averaged for each vertical spacing. The extra measurements enabled the creation of a 
complete vertical profile of air-flow velocity in the duct (see the table of average test velocities and the illustration 

of the vertical profile). The readings taken for the 3-in. and 9-in. vertical spacings correspond precisely to those 

called for by the equal-area method (see Figure 2). The resulting curves then were used to derive readings corre

Fan= 5000 cfm: 0.4 in. WG: 2 hp: 1172 rpm 

Airflow 
(Ian) 

5000 cfm 

Round sheet metal duct, 
26 in. dia 

Plan 112 in. = 1 ft 

26 in. dia by 8 ft long 

\\'L'll·cil'si!.!11L''I ,,.,I L'lll 11·111il,I h:l\'l' h·
( <l 111 L' 'h � Ir I !I (I i I (I 11 II II i I h i 11 I " , · 

,;p;l(L''• whi(h 11·1111l,l h:11 l' k,\ 1,1 .I 'l0l I· 
'1llS I :\(l 1'1°< 1l,k·111. 

l_:l IL'[, I l°L'l"iL0ll"l'll T:\I\ l l'l'"rl' '"I 
l i1·c· 1'1'L·1·11111, 1'1<11,·<"1, 1'1.11 <vr1111,·,I 
1h:11:iir11,,,,, llL'I<' 11i1h111 1'11· 11i.l11'° 
tr\' s1:111,l:11·1l "1 �·· I�' l'<'i"cv111 11'1,·11 
'"l'\' ll'L'I'\', 111l:lll,111 l''.\ll0" .. 1 i,' 
l'''rcc'lll " ' ,!v,i'.!ll I h,I · 11.- I .. °". 
Tl°hL·h1·l°hl'(l" 1nc· 1 h11,l l,,·v11 11,,., I .  ,1, -

cur:11c· ::ir-ll.,11· r1·,11l1 ' 11"111,l li.1 1, 
hc·c·n 1'r1 l1\11n·,I. 

OUTCOMES OF INACCURATE 
TESTING 

Thl' f1ill1111·in'.! :Ill' ""ll'' 111'1"11 
pr11hlc-111s I h:11 wi II ., , ,·11r 11 l1l'll ilw 
:iir ll11w i11 a rn·1:m>_;1il:ir ,111,·1 1, ll\l'.1-
'urc"LI :11i-I '<'I 11•il1!.! 111" l'q11;il-.1rl':1 
111L'f\h>cl: 

Plan v1el'I 

Rectangular sheet metal duct. 
48 in. wide by 12 in. high 

Side view 

48 in. by 12 in. by8ft 
'------------.. 

• �1,IL°111., 1li.11 .11,· "·11111,-.l 11,·l, I ·  
1,·,1.-,I .111.l l'.1!.11" ,.,I 1 1  ill .. 1·, 1.11,· 111il1 
I,·" .11r 1 I"" 1 I 1.111 11,, ",I,·, I 

• I 11 It, "I'll .ii'., 111 111111 ,,., " ' , ·1·<"1.1 
I I "I l " '111 \I' I I . II I 111. I ""I 'lo I, 111 1. " "I' 
"'' 11111�· 1,1,qn ... . 11t.l ,1il1t·1 th.I" dn 1\ ... 
\\ 1 I I I·, 1," 1 I l 111 '! . , ' 111.-. I "" 11,,. 111 I I 
t ·l.11 11 q l I if \ '1, ,, • . 1 ti I \ 111\:: 'J'.h \ I I. 

'I'· I• l I 'I l "I II" '' I 1 1 I•'"' It 'I'' 
• l )l'l'l.lll11!Llj ... ,ij\\ lll \1'1llli.1lh11l 

'''"°111, 11 111 I·,. I," 111.111,,.,,111.,l .11111 
i'I· Ill I lo•i.111"11 .. I ,,., 1 .. 11111 •j''" lill'' I 
11\llllllllllll 1•1 11'\\ \'"-1\.lll'-l .111 l h-lll�V 
l'll'll I •\\' lllllllll1-

• -� It,· "l'l'l .111"11,,j 1·11,·1 C:\ ,·II I< ll'llL I 
I .11 I" "I ' '" "111'" '"I ti 'I' Ill'' I I I . II l' I I It 1 · 
, .... 111111·111 .. 11'<·11"1111.lllll' ·" iil'.11· 
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sponding to log-Tchebycheff 

spacings (see Graphical Analysis 

Results) as per Figure 1. 

Average pitot tube 
measurements* 

Heigh! Day 1 Oa� 2 Day 3 
(in.) (lpm) (lpm) (lpm) 
0.0 1135 1099 t019 
3 0 1387 14 28 1384 

9.0 1460 1473 1389 

12 0 98 2 10 74 950 

:.11 1 . . 11 l'll11 ic·111 \"I "ii- .11i.\ >_; ,1,·lir1·,I 
l'11rnl'1' 111.11 r1·q111r1· 111c'l lt.1111c·:ill1· 
'111 'I' I 1 "I l "ll d' 11' I i' II l :l i I' I II I I  I·,. k '·' 

111.111 'l'<·11l1l', l .11i. I I,, i11 I j,il,1li<lll .. 1 
1 It,, '1i.·1 �:1 l "'"° \ 1,,,, 111,111I11'll'lll 
't lllll'll'I h Ill .II I \ 1ittl,J l .Ill'\' llh ,1Jll · 

I ' l l I\ l • 11111'11,111111 .1111! .11..·1'1 l'''\ll i:.l· 
I /1111, I\ .hllll'..'. "I 1 Ii ... · 11 'I Ill.II ii Ill\ 11 ... . II� 
''••I\ lll•>ll•'·"'"° \l l ) ) i'.1,k,11.111111� .11hl 
1 ltl' 1•1,·,c1111· "I ( :t) 111,1,I,· . . 1 1 l1c· 
l·111l,l111c: 

• \ l.1111 1.il .l.11111'1·1, i11,li1,k1l 'l'l<'lil' 
11ill 1ll·,·,l 1·�,1·"11,· 1l1r .. 11l111�. 11h1«h 
\\ .l'I t'' 1..'lh'I '..'.\ 

•I v.11'.1>_;,· 111 llll'i.il .11hl -o:.\.1,»l1h·1 
.111,1' 11ill I,,. r1·1'"11l',l 111l"1r1·,1h .11 
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• 1»111 1·1111 l<'lll I II 1 I i l'l' "°" I h.111 
'l'n 11i,·,l .11i.I h· 111111.l,111 .. 11 <ll 1'11· 1·11-
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TRAVERSING DUCTS 

Fan/Duct Assembly Experiments 
· T he sketch below shows a full· . 

scale belt-driven fan and duct 

Pan/duct aaHmbly and traverul parametera 
DUCT DIMENSIONS / .. ,1.J:"·1 

Width: 48 In • .  

Haight 12 In. 
Cross-sectional area: 4 sq ft 

HORIZONTAL TRAVERSAL SPACINGS · :,:;;.:' 

Equal- area . 3.0 9.0 15.0 21 .0 27.0 33.0 

Log· Tchebycheff 2.5 9.7 17.6 24.0 30.4 38.2 

VERTICAL TRAVERSAL SPACINGS \•·:�'·:;· 

39.0 

45.5 
45.0 

• assembly that was built for the 
performance of duct-traversal ex
periments. Results from the exper· 
lments, 'which were conducted on 
three separate days, show slight 
variations due to normal ·ambient 
variables such as outside air tem· 
perature and density. Supply air 
from the fan was traversed In the 
round duct that leads to the rect· ;;;;Eqi;;u.;;.;al·..;;;3 ..;;;re.;.a ___ .;..;3 . .;;..0 __ 9;.;..o;.;... ___ _ ___________ _ 

angular duct. Air In the rectangular _Lo_o_-T _ch_ e_by_ch_e_tt ......... _o._01_4 _ _ o_.2_8_B _o_.5_ 00 __ 0._11_ 2 __ 0_.9 _2 _6 _______ _ 

duct then was traversed using . 
equal-area method spacings, with extra measurements taken at the top and bottom of the duct. Pilot tube readings 
taken horrzontally were averaged for each vertlcal spacing. The extra measurements enabled the creation of a 
complete vertical profile of air-flow velocity In the duct (see the table of average test velocities and the lllustratlon 
of the vertlcal profile). The readings taken for the 3-lr.and 9-ln. vertical spacings correspond precisely to those 
called for by the equal-area method (see Figure 2). The resulting curves then were used to derive readings corre· 

Fan• 5000 cf'!'; 0.4 In. wa; 2hp;1172 rpnr.._.;· 
. . ), ... . ,,. .. . �.( 

well-designed system would have be
come shor t of air flow within the 
spaces, which would have led to a seri
ous IAQ problem. 

Later, I reviewed TAB reports for 
five previous p rojec t s  that certified 
that air flow s were within the indus
t r y  standard of ± 10 per c ent when 
they were, in fact, in excess of - 10 
per c ent of design. Had the lng
Tchebycheff method heen used, ac
c u r ate air-flow results would have 
been produced. 

OUTCOMES OF INACCURATE 
TESTING 

The follow ing arc some ty pica l 
problems that will occur when the 
air f low in a rectangu lar duct is mea
sured and set using the equal-area 
method: 

Plan view 

• Systems that are certified field
tcsted and balanced will operate with 
less air flow than recmded. 

• In hospita ls , quantities of opera
tional supply air and outside air for op
era t ing rooms and nther are<is always 
will he less than specified and he in vi
olation of code, affecting space-to· 
space pressure re l;it ionsh ips. 

•Opera tional snlven t ventilation 
systems will he less than specified and 
he in violation of code that specifics <l 
min imum nf one exhaust air change 
every five minutes. 

•The operational energy efficiency 
rat in of cuoling equipmen t and the 
coefficient of performance of heat· 
in g/coolin g  equipment will he less 
than specified and, consequently, he 
in violation nf the energy code. 

•The operational annual fuel utili-

December 1999 • Heali,ng/Piplng/AirConditioning 

spondlng to log-Tchebycheff 
spacings (see Graphical Analysis 
Results) as per Figure 1. 

Aver11ge pltot tube 
measurements* 

Height 
(In.) 

Day 1 
(lpm) 

D1y 2 
(lpm) 

Oay3 
(lpm) 

0.0 1135 1099 1019 
3.0 1387 1428 1384 
9.0 1460 1473 1389 

12.0 982 1074 950 

rn tion efficiency of oil- and gas-fired 
hurners that require mechanically 
supplied combustion air will he less 
than specified and he in violation ,,f 
the energy code. A lso, in sufficien t  
comhustinn air cnuld cause incom
plete combustion <1nd depressuriza
tinn, lead ing tn the formation of car
hnn mnnoxide (CO) hackdrafting and 
thl• presence nf CO inside of t·hc 
building. 

•Manual dampers in ducted systems 
will need excessive throttling, which 
wastes energy. 

• Leakage in metal ;md gl<1ss-fiher 
ducts will be rq1ortcd incorrectly :1t 
an unacceptahk level of up to 2 5 per
.:ent. 

•Fan efficien cy will hL· less th;rn 
specified and he in vinl;Hion nf the en
ergy code. 



12 In. Aven1ge traversal results 

'� >.. 11 In. 
(equ•l·•re•J 

Height Day 1 D1y 2 D1y3 
(In.) (lpm) (lpm) (lpm) � � 10 in. 
3.0 1387 1428 1384 
9.0 1460 1473 1389 

� � 9 1  n. 
Average 1424 1451 1387 · --< -/- Feb. 

25 8 1  n. 

Jan/ 7 1  n.  
16 Qrilphlc•I •nalyala results 

(log· Tchebych•HJ 6 i  
/ Feb. 

n. 

Height Day 1 Day2 D1y 3 
(In.) (lpm) (lpm) (lpm) 

27 5 i  n. 

4 1  n. 0.074 1060 1090 1170 
0.288 1370 1390 1430 
0.500 1380 1420 1450 
0.712 1380 1450 1470 

- ·- 3 I 

/�� 2 1  

n. 

n. 
0.926 1120 1180 1230 

Average 1262 1306 1350 � "/ 
/ 1 i n. 

� �· • Measurements taken along horizontal 
dimension are averaged to give vertical profile. 

800 900 1 000 1 100 1 200 1 300 1 400 1500 1 600 
M1111urem1nt1: 

• Equal Area Calculations 
elog-Tchebycheff --------------

Average flow rate 
Day 1 
(elm) 

Day 2 
(elm) 

Day 3 Avg. 
(elm) (elm) Comparisons 

(percent difference} 
Equal-area 5694 5802 5546 5681 

Log-Tchebych.eff oompared to 
equal-area, I.e., (LT-EA)/l T -8.7 Log-Tchebycheff 5048 5224 5400 52l4 

Equal-area compared to entry 
flow rate, I.e., (EA·RD)/RO 

Round-duct flow• 5157 5424 5351 5311 
7.0 

Loc-Tchebychaff compared to 
round duct flow rate, I.e., (LT-RD)/RD -1 .& 

• Round-duct flow rats measured by traversing 
26-ln. dla supply duct from 5000-cfm fan. 

•Operational smoke ev<icuation ex
h<iust systems w i l l he less thnn specified 
and be in viobrion of <ipplicahle code 
by more than the minimum 10- min a ir  
change. 

• Toilet exhaust systems wi l l  be less 
than spec ified and be in v i olat ion of 
applirnhle code. 

• Grease exhaust systems wi l l  he less 
than the 1 500 fpm specified and he in 
viol<itinn of applicable code. 

• Outdoor a i r-vent i lat ion make-up 
air  will  he less rhan specified and he in 
violnt ion of appl icable cnde .  This  wil l  
c ause the build ing to become depres
surized, with unco.nd it ioned n i r  pulled 
into occupied spnccs. 

CONCLUSIONS 
A fact not easily accepted hy my l'n

gi neering friends i s  that,  tod a y ,  the 

most i mportant professional i nvolved 
in a HVAC proj ect is the A A BC- or 
N E BB-cert if ied T A B  contra c to r .  A 
perfectly designed nnd constructed sys
tem wi l l  not work until  his or her work 
i s  done correctly. 

S i nce my fi r m  began spec i fy i ng in 
comrruction documents th<H the log
T chebycheff method be used for rec t
angular ducts, there have heen nn d is
p u tes  or c l a i m s fo r add i t i o n a l  cost  
dur ing  hidding or after a contrnct  was 
awarded. And s i nce that r i me,  1 have 
not had post-construct ion air-flow dis
tr ibution problems, a i r-pressure prob
lems, or a i r-noise pro b lems on any of 
80 projects. 

RECOMMENDATIONS 
For the correct method of measur

ing air flow in rec t a n g u l a r  d u c t s  to 

be utilized, certified testing agencies 
w ould h a v e  to ch ange w h a t  t h e y 
h a ve heen d o ing since 1 9 5 2 .  B e 
cause, 1 h a v e  been told, agen cies in 
the United States would be re luc
tant to  c hange voluntar i ly,  fi re, en
e rg y ,  a n d  m e c h a n i c a l  codes would 
have to be amended , specify ing log
Tchchych eff as the only method for 
m e a s u r i n g  a i r  fl o w  i n  re c t a n gu l ar 
d u c t s  or m a k i n g  r e f e r e nce to 
A N S l/ASHRAE Standard 1 1 1-88 or 
t h e  A S H R A E  ' 9 7  F u n d a m e n t a l 
H a ndbook , both of which stare th at 
the equal - area method is with error 
a nd t h a t . t h e  lo g - T c h e h y c heff 
method fo r rec t ang u lar  d u c t s  pro
duces correc t resu lts . 

1 am n mechanical design engineer 
reg is tered in 1 8  states who prepares 
H V  AC construct ion documents for 
s c h o o l s ,  m e d i c a l  fac i l i t i e s ,  offi c e  
b u i l d i n gs ,  l <i h n r a t o r i e s ,  and other 
b u i l d i ngs. I have no i nterest i n  earn
ing a l i v i n g i n  the HVAC test-and
b n l nn c e  b u s i ness .  I s i mply w ant to 
avoid the m is lead i ng and i ncorre c t  
T A B  repnrts I have rece i v ed i n  the 
p<ist. HPAC 
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