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Pressure drop in flexible ducts

DEBORAH E. DURR,A NURTAN A. ESMEN,A CLARENCE STANLEY, Jr.B and DIETRICH A. WEYELA
ADepartment of Industrial Environmental Health Sciences, Graduate School of Public Health, University of Pittsburgh, 130
DeSoto Street, Pittsburgh, Pennsylvania 15261; BU.S. Army, Edgewood Arsenal, Maryland 21005

Introduction

Flexible ducts are used in many ventila-
tion systems where the system must
follow the process to be controlled.
Thus, the use of flexible ducts in ventila-
tion systems is a common occurrence.
These ducts are constructed from a vari-
ety of materials such as galvanized
metal, stainless steel, plastic and others.
Each material gives the duct different
skin properties which not only define
its possible uses, but also specify its
fluid mechanical properties. Although
the availability of flexible ducts presents
no problems, the ventilation system
designers have had to rely upon rather
scanty data in the estimation of pres-
sure drop for air flow through flexible
duct systems. In general, the data avail-
ability is limited to manufacturer data
sheets, and under many circumstances
this information may not be readily
applicable to the design problem at
hand.

The studies which report on the flexi-
ble ducts®.2 treat a few specific types.
The information provided is not suffi-
cient to generalize the reported find-
ings so that they can be used to adjust
the design parameters to take any varia-
tions from the reported values into con-
sideration. In order to alleviate this
important lack of information, the study
reported here attempts to express the
pressure losses in a flexible duct using
the fundamental parameters of flow
through pipes.

In any straight constant diameter
duct,the pressure loss may be ex-
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In many ventilation system design requirements, a hood of one kind or another is
required to be movable. This requirement calls for the use of flexible ducts.
Although the availability of flexible ducts presents no problems, the designers
have had to depend on rather scanty data in the estimation of pressure drop for
air flow through flexible ducts. in general, data availability are limited to manufac-
turers’ data sheets, and the information presented is not uniform. Experiments
using two makes of flexible ducts and various sizes suggest a uniform method of
pressure loss estimation for flexible ducts. The experimental results and the
resulting equations suggest a direct and relatively simple estimation process.
Durr, D.E.; Esmen, N.A.; Stanley, Jr.,, C.; Weyel, D.A.: Pressure drop in flexible

ducts. Appl. Ind. Hyg. 2:99-102; 1987.

pressed by the Darcy-Weisbach pipe
friction equation:

pi/py = feo(L/D) mm
where:

py = friction head loss for the duct run

pv = velocity head

f = Darcy friction factor

Lo = length of duct

D = diameter of duct

So long as the numerator and the
denominator have the same units in
each of the pressure and length terms,
the dimensionless friction factor is
independent of the units used in the
calculation of the losses. The friction
factor depends upon the relative rough-
ness of the duct and the Reynolds
number of the flow. However, there is
no theoretical formulation for this fac-
tor, and its experimental determination
is required for each type of duct. As the
friction factor is a function of a duct
parameter (relative roughness-k) and a
flow parameter (Reynolds number-Re),
the logical parameter to specify for a
duct is the relative roughness. If the rel-
ative roughness is known, then the fric-
tion factor can be calculated from the
Colebrook equation® with x as a
parameter for computation:

- 0.86Inlk/3.7 + 2.51 x /Re}; 2)
1/x2

x
o
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or from a Moody Diagram, which is the
graphical representation of the
Colebrook equation.

In a flexible duct system, the frictional
head loss for a straight duct has rela-
tively small merit because, in most
cases, the flexible duct is not uniformly
supported and contains a number of
“drooping sections” and, in addition,
by the definition of its function contains
a number of curves of non-standard
radii of curvature. This paper reports on
an experimental study which provides
generalized semi-empirical formulae
for the drooping sections and also
applies the results of another study
which generalizes the calculation of
pressure drop due to 90 degree bends.

Experimental Methods

The air flow and resistance measure-
ments were carried out using 3-, 4-, 6-
inch nominal, internal-diameter, indus-
trial grade corrugated and smooth rub-
berized flexible ducts. The actual inter-
nal diameters of the ducts did not differ
from the nominal diameters. The
throughput velocities ranged frorn less
than 1200 to more than 8000 feet per
minute. The flexible ducts used were
purchased from local dealers. In the
experimental set up, all ducts were 10
feet 6 inches in length. The air flow and
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the resistance measurements were car-
ried out using a calibrated wind tunnel
with a 6-inch ID outlet. The wind tunnel
had a 6-foot flow straightener between
the fan and the test and measurement
section, and the air flow at the entrance
of the flexible duct was fully developed
turbulent flow. For the smaller flexible
ducts, 18-inch-long transition sections
were used. The velocity distribution at
the exit of the transition was not dis-
torted, as verified by pitot static tra-
verses. The wind tunnel calibration and
calibration of the transition pieces were
carried out by 10-point vertical and hori-
zontal traverses. The pressure measure-
ments were made by calibrated magne-
helic gages of appropriate capacity
connected to the test section by means
of piezometric rings.

The roughness characteristics of each
duct were determined when the ducts
were fully expanded. The alignment of
the duct in the horizontal plane was
assured by supporting the duct
throughout its length in a metal trough
whose width was fixed to that of the
duct diameter. In addition, sufficient
wire ties were securely positioned along
the trough to keep the duct straight and
level. The drooping sections were ar-
ranged at the middle of the duct, while
the entry and exit lengths were kept
straight and level as above (Figure 1).

7

"/

Figure 1—Schematic representation of a
drooping section.

Results and discussion

The experiments carried out with
straight ducts gave the results in terms
of a pressure drop for the entire length
of the duct for each velocity. The rough-
ness for each duct was obtained by solv-
ing the Colebrook equation for the spe-
cific roughness k. The results of these
experiments are shown in Table I. These
values are best fit values to the equa-
tion, thus they do not indicate the scat-
ter of the values. In order to show /R,
the data scatter, the friction factor for
ducts with the obtained roughnesses is
calculated as a function of Reynolds
number and plotted in conjunction
with the data points (Figure 2). it is
important to know that the magnitude
of error in the estimation of pressure
drop would be expected as a function of
the error in the estimation of the rela-
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Figure 2—Measured and calculated friction factors as a function of Reynolds Number.

tive roughness. It may be readily shown
that for the changes in geometry (e.g.,
droops, bends or straight ducts), the
magnitude of pressure drop error is
related to the relative roughness error
as a function of the friction factor. It is
apparent from Figure 2 that the relative
error (i.e., the ratio of pressure drop
error to relative roughness error) is a
strong function of relative roughness
and a weak function of the Reynolds
number. In general, the reduction of
Reynolds number from 300,000 to 40,000
will change the error ratio by about 0.5
percent. Figure 3 shows the ratio of per-
cent error in the final calculation to the
percent error in the estimation of the
relative roughness. This figure indicates
that if the estimation of the relative
roughness is within 15 percent of the
correct value, then the resulting errorin
pressure loss estimation will be within
about 10 percent.

The results of the pressure drop due
to drooping was analyzed by fitting a
parametric curve to about one-half of
the data points randomly selected from
the complete data set and comparing

the predicted pressure drop with the
measured values for the entire data set.
The predictive equation developed is:
p1 = (fpylo /D) + 31.7 p, f
(H/D)exp(-3L/8D)

where:

3)

L, = total length of the duct

The results of these calculations are
shown in Figure 4. These results indi-
cate that the pressure drop may be esti-
mated with an accuracy of about 10
percent for each droop. The pressure
drop solely because of the drooping
section is simply the second term of
equation 3, and in practical calcula-
tions, this expression would be more
useful.

pg = 31.7 p, f (H/D)exp(-3L/8D) )

where:

pa = pressure drop due to drooping section
H = depth of drooping section

L = length of drooping section

D = duct internal diameter

P4 = pv H, Land D carry consistent units

In addition to one or more drooping
sections, the flexible ducts also carry a

TABLE |
Relative roughnesses of the flexible ducts investigated
Absolute
Diameter Relative roughness
Type inches roughness inches
Wide pitched wire enforced plastic (WPP) 6 0.102 0.612
WPP 4 0.080 0.320
Close pitched wire enforced heavy plastic (CPP) 6 0.00145 0.00870
CPP 4 0.00122 0.00488
CPP 3 0.00085 0.00255
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Figure 3—The ratio of final error to roughness estimation error as a function of the estimated

roughness.

number of bends and turns. The pres-
sure drop due to a bend or turn may be
givenas:®

Pe = 1.808 p, (c/360) [exp (-3tr/4)
+ 9.956 f exp(-tr/100)] (5)

where:

pe = pressure drop due to elbow
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¢ = angle of turn —degrees
tr = turning ratio —turning radius/duct
diameter

The total drop is calculated by the sum
of all drooping sections with their
parameters, the sum of all bends (irre-
spective of direction) with their param-
eters, and the drop for the length of the
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Figure 4—Comparison of calculated and measured results. Large number of points, especially at
the lower end are omitted due to extensive overlap.
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duct as calculated by equation 1.
Depending upon the lay-out of the ven-
tilation system and the reasonably
assumable geometric configurations of
the flexible duct, the designer can esti-
mate a maximum expected pressure
drop for the duct and utilize this value
with an appropriate design safety factor.

In order to facilitate such calcula-
tions, equations 4 and 5 may be written
as:

pPa = pvfefd (6)
and

Pe = pycefe @

The factors fd and fe are shown in
Tables Il and 11, respectively. The total

pressure drop for the flexible duct may
be calculated by the summation of pres-
sure drop for each droop and elbow and
by adding this sum to the pressure drop
calculated for the length of the duct
from equation 1.

Conclusions

The results obtained and the equations
and tables developed in this study sug-
gest that the knowledge of relative
roughness of flexible ducts makes it
possible to estimate pressure drop for
the use of that duct under all reasonable
conditions. The designers of ventilation
systems can experimentally determine
the needed values, but such an en-
deavor will require access to a large lab-
oratory with specialized flow measure-
ment devices and may not be feasible.
In this respect, the authors encourage
the manufacturers of flexible ducts to
provide this information to the users.

If there is no information available on
the relative roughness of the flexible
duct to be used, for metal and for close
pitched wire enforced heavy duty plas-
tic ducts an absolute roughness of
about 0.002-0.009 inches (0.005-0.023
cm) and for lighter weight wide pitched
wire enforced impregnated or plastic
fabric ducts an absolute roughness of
about 0.2 to 0.7 inches (0.5 to 1.8 cm)
may be assumed. 1t must be recognized
that these assumptions may be in con-
siderable error.

Recommendations

Based on the results reported above,
the following recommendations to the
practicing industrial hygienist may be
made:

1. Manufacturers of flexible ducts
should be encouraged to provide
the relative roughness values for
their products.
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The values of droop loss function Fd

TABLE I 2. If these values are available, then
the equations presented in the

paper may be used to estimate the

H/D i
uo [ o1 o5 1 15 2 3 5 7 10 pressure drop through flexible
1 2176 10882 21764 32646 43528 65293  108.821 152349  217.642 hoses in conjunction with the
2 149 7479 14958 22437 29917 44875 74791 104708 149583 assumptions relating to reasonable
3 1028 5140 10281 15421 20561 30842 51403 71965 102807 configurations of the duct(s) used.
4 0707 3533 7066 10599 14132 21197 35329 49461 70658 3. If the relative roughness value of a
5 0486 2428 4856 7284 9712 14569 24281 33994 48562 flexible duct is unknown, and if
6 033 1669 3338 65006 6675 10013 16688 23364 33376 facilities are not available for its
7 0229 1147 2294 3441 4588 6882 11470 16057 22939 >
8 0158 0788 1577 235 3153 4730 7883 1103 15766  <determination, then the absolute
9 0108 0542 108 1625 2167 3251 5.418 7585 10836 values of 0.002-0.009 inches for
10 0074 0372 0745 1117 1489 2234 3724 5213 7447 metal or close pitched wire
" 0.051 0.256 0.512 0.768 1.024 1.636 2.559 3.583 5.118 enforced heavy duty plastic ducts
12 0035 0176 0352 0528 0704  1.055 1.759 2462 3518 and values of 0.2- 0.7 inches for
light weight wide pitched wire
TABLE Il enforced ducts may be assumed in
The values of elbow loss function Fe (Fe ¢ 100) the calculations.
Friction factor
1} 0.01 002 0.03 0.05 007 0.09 0.10 o1 0.12
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Answers to the “Action Level” questions
1.d
1.a
3.2.5%
4.aandb
5. 164, organic
6. flame ionization, electron capture and thermoionic detectors
7.a
8. hardwood, sanding
9. Briefly put, gerontogens are agents that accelerate aging.
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