
DUCT AND DELIVERY SYSTEM

-

This is the single most important component of an he"
coolin system IS ere ore VI a y Important anyone considering

e inS a of a high efficiency geothermal heating and cooling
system take time out to learn and understand a few basics regarding
the duct work that goes into your home. The following is a short
explanation to illustrate how every improper turn and bend in the duct
work results in high heating and cooling bills, rooms with uneven.
temperatures, and in many cases, areas of total discomfort.-
To realize the importance of a good duct system, a clear
understanding of duct eauivalent length relationship is necessary.

.....

If you take an 8 inch round pipe, 2 feet long and bend it 90 degrees,
the air flow decreases as it makes the turn because of the pressure
build up. This pressure is now greater than it would be in that same 2
foot piece of pipe when it was straight. This pressure is measured and
compared to a straight piece of pipe without any bends. The result is -
the 8 inch round pipe - 2 feet long, with a 90 degree bend, has the
EQUIVALENT pressure of an 8 inch round straight piece of pipe 25
feet long. This sample is from the ACCA (Air Conditioning Contractors
Association) duct work engineering manual. So, if you live in a house
that has hot and cold rooms, noisy air ducts, and high heating bills,
the culprit is more than likely your delivery system.

.....

-

- For further reference and clarification, consult:
Air Conditioning Contractors of America

(ACCA) Manual D. 2nd edition
1513 16th St. NW. Washington, DC 20036
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... Fig. 3 Effect 'of elbow throat on
turbulence within a duct system.
The sharp throat of (A) creates
more turbu Ience than the rounded
throat of (8). '
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By applying good design practices and value
engineering to proposed plans, you can
correct poor designs before it's too late.

...

....

.....

All too often, particularly in the
plan & spec arena, design draw-
ings don't reflect elements of

good design practices. Some tell-tale
signs of poor design include:. Dampers to compensate for poorly
designed branches. A good designer
knows that pressure loss (from the fan
discharge to each outlet, and from fan
suction to each inlet) is
the same in each path-
way. If a duct system is
designed properly, ex-
cessive dampering
shouldn't be necessary.. Specifications stating
"the most aerodynami-
cally efficient fittings"
are to be used in the en-
tire system. This usually
means the designer
doesn't know how many
elbowsit will take to get around obstruc-
tions in an uncoordinated design.
. Specifications stating that fan
drives be "changed as necessary." This
often results from a duct system layout
based on a O.l-in. per hundred feet
pressure loss and doubling or tripling
the aggregate loss in the longest run as
a fitting loss additive. This almost al-
ways means trouble for the testing and
balancing contractor.

Let's look at fitting alternatives avail-
able for design or substitution. Specify-
ing a "standard" elbow (one with a cen-
terline radius-to-width (R/W) ratio of
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by John H. Stratton

1.5) is not always a good idea in com-
mercial or industrial design. Unfortu-
nately, many designers commonly use
this terminology.

For example, according to SMACNAand
ASHRAEdesign tables (Table 1), for a
Depth-to-Width (D/ w)ratio of0.5,there's
a 25% difference in loss Coefficients (c)
for rectangular unvaned elbows with

centerline R/WS
of 1.5 versus 1.0
(respectively, 0.25
and 0.20).

At a velocity
of 1,800 fpm,
that's a net in-

0.5
(l.7S,,"'I)'
1.0
1.5
2.0

0.25 0.5 0.75

1.5 1.4 1.3

O;!:j,7f, '/0;529; 'iO.4~;,
0.27 0.25 0.23

0.22, ,.0.20 0.19
0.20 0.18 0.16

1.0 1.5 2.0

1.2 1.1 1.0

(J:44; "QAur"Q.3~)

0.21 0.19 0.18
0.17 0.15 0.14
0.15 0.14 0.13

6.0 , 8.0

1.2 1.2
,OA3 '0.44
0.27 0.21
0.17' 0.17
0.15 0.15

crease of O.O1-in.water gage (w.g.). This
is a negligible difference considering
the second elbow is a much more eco-
nomical fitting.

What about using a square throat, ra-
dius heel elbow? According to SMACNA
design tables (not shown), the Velocity
Pressures (Vp) for 1,000 fpm and 1,800
fpm are respectively, 0.06 and 0.2 in.
w.g. According to Table 1, the loss Co-
efficient (c) for a fitting with 0.5 R/W
and 0.5 D/W ratios is 1.4. By applying
the formula: Fitting losses =c x Vp, we
find fitting losses are 0.084 in. w.g. at
1,000fpm and 0.28in. w.g. at 1,800fpm.
Contrary to popular belief, these arenot

3.0 4.0 5.0

1.0 1.1 1.1

Q.3~f 0.40 0,42
0.18 0.19 0.20

: 0,14 0.15 0.16
0.13 0.14 0.14

Table 1. For a depth-to-width ratio of 0.5 there's a 25% difference in losses for rectangu-
lar unvaned elbows with centerline R/Wsof1.5versus 1.0. ,
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Table 2. Small radius, single thickness, vaned elbows
have a Joss of about 0.05-in. w.g. from 1,800 fpm on
down. Large, single and double-thickness vanes prD-
duce about twice as much Joss but the number is stili
fairly low.

. S

~hR

FIOW.b.. -I'-L-

~~R .

FitlingLoss= Cx Vp Vp = Velocity Pressure (in. w.g.)

banned fittings. Their losses are pub-
lished in both SMACNAand ASHRAEde-
sign manuals..

Based on a limited series of recent
SMACNAtests, (the data is in SMACNA'S
current Duct Design Manual) the losses
in 45° throat/square heel, radius
throat/ square heel, and 45° throat/ ra-
dius heel elbows, are respectively 0.03-
in., 0.026-in., and 0.025-in. w.g. for 1,000
£pm and O.l-in., O.09-in.and O.OB-in.w.g.
for 1,800 £pm. In many cases, these more
economical fittings can substitute for
more expensive Nultra-efficient" fittings
without negatively affecting the design.

By comparison, small radius, single
thickness, vaned elbows have a loss of
about O.OS-in.from 1,80Ufpm on down.
Large, single and double-thickness
vanes produce about twice as much
loss but the number is still fairly low.

It's a good idea to become familiar
with elbows having similar loss coeffi-
cients. Compare the loss coefficients in
Tables 1 and 2, and consider replacing
an expensive elbow with a less expen-
sive one with similar losses.

It's important to remember however,
that in vaned elbow use, the velocity of

92 CONTRACI'ING BUSlNESSiSEPTEMBER 1993

approach must be fairly uniform. This
is not the case when an elbow is located
too close to a fan discharge. Using
vaned elbows too close to the fan can
result in higher losses than using un-
vaned elbows. Allow a minimum of ~
duct diameters of straight duct for air
flow to even out at 2,500 fpm or less -
more for higher velocities. .

The point is you can elbow your way
to performance and economy if you
take the time to do it right. Always try
to place higher loss fittings in branches
that require higher losses- and substi-
tute with less expensive fittings that
have similar loss coefficients.

Designers who are familiar with the
existing database of ayailable informa-
tion on duct design can use it well. If
they don't, you, as a knowledgeable
contractor can justify economical sub-
stitutions, or at least document the
causes of poor performance. !CjI

John H. Stratton is the director of techni-
cal services for the Shed Metal and Air
Conditioning Contractors National Associ-
ation (SMACNA),and serves as an advisor to

CO1ltracti1lg Busi1tess Magazine.
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DRAWINGS OF VARIOUS FITTINGS WITH EQUIVLANET LENGTHS SHOWN
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CAPACITIES OF VARIOUS DUCT SIZE
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W D CFM
8 x 8 310

10 x 8 420
12 x 8 500
14 x 8 680
16 x 8 750
18 x 8 850
20 x 8 950
22 x 8 1050
24 x 8 1200
26 x 8 1300
28 x 8 1420
30 x 8 1550

W D CFM
8 x 10 420

10 x 10 550
12 x 10 700
14 x 10 850
16 x 10 1000
18 x 10 1150
20 x 10 1350
22 x 10 1500
24 x 10 1650
26 x 10 1800
28 x 10 1950
30 x 10 2100

DUCT CFM
4" 35
5" 70
6" 110
7" 165
8" 220
10" 440
12" 600
14" 1100
16" 1500 .

DUCT CFM
8 x 8 310

10 x 10 550
12 x 12 900
14 x 14 1350
16 x 16 2000
18 x 18 2400
20 x 20 3500


