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ABSTRACT
pitot tubes were used to determine air velogities

downstream of 69 sheat metal duct fittings, including

conical contractions, conical diffusers, round-to-
round junctions, and rectengular-toround junctions. For
fargol mass-average velocitles of 1000 and 2500 fpm,
conteriine velocities ware measured at distances of 1, 2,
4,6 and 10 diamsters downstream of the fittings. Vertical
and horizontal velocity profiles were obtained at the same
stations for a target mass-average velocity of 1750 fpm.
For junctions, measurements were made over a range of
main-to-branch flow rate ratios. For one elbow and two
wes, profiles were also obtained at downstream distances
larger than 10 diameters,

Resuits are expressed as the ratio of measured
velocity to average velocity. Flow is not fully developed for
any case. Flow rate calculations using profile data for 20
cases yield large errors at 1 dlameter downstream of any
fitting; however, the error is significantly lower at the
10-diameter station. Typical vertical and horizontal profiles
at each measuring station are shown graphically. Mea-
sured centerline velocities are tabulated.

The ldentification of the velocity profiles leaving these
fittings is of particuler importance in locating VAV terminal
units within a duct system. The control accuracies of
these terminals cannot be expectedto be any greater than
the accuracy of measurement of the parameter they are
controlling, in this case velocity or velocity pressure. The
data obtained in this study offer vaiuable information
regarding the optimal location of these measuring and
controlling devices, as well as the expected accuracies of
measurement and, thus, control.

INTRODUCTION

The primary objective of the work reported in this
paper was lo measure centerline velocity at distances of 1,
2,4, 6, and 10 diarneters (D) downstream of 68 HVAC sheet
metal duct fittings including elbows, conical contractions,
conical diffusers, roundto-round junctions, and rectangu-
lar-to-round junctions. Only centerline velocities were
measured lor target mass-average velocities of 1000 and
2500 tpm, while velocity profiles were obtained via
\raverses for a target mass-average velocity of 1750 fpm.
Detailed descriptions of the work, a complete listing of all
dala, and plols of vertical and horizontal profiles are given
in Griggs et al. (1987).

'puCT VELOCITY PROFILES AND
THE PLACEMENT OF AIR CONTROL SENSORS

W.B. Swim, Ph.

D., RE. H.G. Yoon

A secondary objective of this study was o apply the
data obtained through the testing phase fo predic! optimal
location of singlepoint flow-measuring devices and to
estimate the relative accuracy that might be expected
under optimal and less than optimal, but more realistic,
conditions. Although most pneumatically controlled ter-
minal units currenly utilize some type of flow-averaging
sensor with multiple pick-up points, many electronically
controlled units still offer only a single-point pick-up. This
collection of data, obtained at various distances down-
stream from the fittings and at various main/branch duct
velocities, enables certain conclusions to be formed re-
garding the selection of optimal sensor locations and
identifies limitations of the single-point sensor accuracy
when subjected to certain take-off and operational condi-
tions. The data do not cover velocity patterns from distur-
bances such as dampers and flexible duct.

EXPERIMENTAL SYSTEM

Air flow through the duct system was provided by a
centrifugal fan driven by a 30-hp motor. Flow rates were
determined from measurements of pressure drop across
a set of spun aluminum, longradius, ASME-type nozzles
mounted within a plenum, Figure 1 is a schematic of the
system, configured for tests with branch-type fittings. A
sheet metal transition connected the fan outlet to the
plenuminlet. Air was dumped from ports on both sides of
the transition between the fan and plenum to control fiow
rate. A 24 to 14/10-in-diameler transition was used between
the plenum and an entrance length of 14- or 10-in-diameter
duct. A second transition was used betwsenthe entrance
section and the test system duct. A flow straightener,
fabricated in accordance with ASHRAE Standard 51-1985
(ASHRAE 1985a), was placed in one section of the
upstream 14- or 10-in-diameter duct. A sufficient length of
test system duct was placed upstream of the fitting to pro-
vide fully developed flow at the fitting entrance. The length
was grealer in all cases than that calculated by

LelD = 4.4 Rel? )

Equation 1is given by White (1986) to estimate the length
required for turbulent flow to develop.

Nozzles having nominal diameters of 4, 6, and 8
inches were used in determining the supply flow rate. An
orifice plate, calibrated against the nozzles, was used to
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Figure 1 Schematic of experimental system, configured for tests with a branch-type fitting

deterrmine flow rate in the branch. During testing, a parti-
cular nozzle or combination of nozzles was used in estab-
lishing a desired flow rate, Unused nozzles were plugged
with smooth vinyl balls.

An apparatus was built to facilitate systematic posi-
tioning of pitot tubes. The apparatus consisted principally
of a structural base, a movable traversing fixture, and iterns
to aid in automated measurements. The base was sup-
ported on casters that allowed it to be positioned in proper
alignment with the duct and test fitting. Extended braces
and straps permitted a 16+t section of duct to be properly
aligned and firmly attached to the base, The traversing fix-
ture supported two pitot tubes and was designed to move
one along a horizontal line of travel and the other along a
vertical line of travel. Computer-controlled stepping motors
were used to move the pitot tubes across the duct. The
traversing fixture was mounted on guide rods running
along the top of the apparatus. A computer-controlled
chain drive was used to position the fixture longitudinally.

Ambient dry- and wet-bulb temperatures and baro-
metric pressures were measured to determine ambient air
density, which was corrected for other stations within the
test system using local pressure and temperature mea-
surements. Pressure drop across the ASME nozzle bank
and upstream stalic pressure were measured to determine
supply flow rate, When branch ducts were invoived, the
pressure drop across the orifice and upstream static
pressure were measured to determine branch flow rate,
Pressure differentials were obtained using micromanom-
eters having a scale readability of 0.001 in. H,0.

The pressure differential output of each pitot tube was
routed to a capacitance-type pressure transducer, which,
inturn, produced an output voltage that was routed directly
to the data acquisition system. The data acquisition system
was calibrated and checked routinely against a reference
micromanometer. Pitot tube outputs were processed
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automatically. The fitting and upstream duct were leak
checked prior to making velocity measurements.

SCOPE OF TESTS

Each fitting is coded first by a letter or set of letters
designating the fitting. This was followed by a sequential
number assigned to the fitting in its category. The next digt
was always the letter D followed by a number indicating
target average test velocities, For elbows, contractions, and
diffusers, D1, D2, and D3 represent, respectively, target
velocities of 1000, 1750, and 2500 fpm. For wyes and tees,
a two-digit number after D indicates a particular combina-
tion of main and branch target velocities, with 1, 2, and3
associated, respectively, with 1000, 1750, and 2500 fpm.
Two examples follow.

E202.....E 2 D2

. .

., Target Velocity After
Fitting = 1750 fpm

« + Elbow Number 2

+ « « « « « o « Designates Elbow
DYiDI2...DY 1 Df2

Target Velocities
After Fitting |
1000 fpm (main)

DY group

type

1750 fpm (branc¥ |
N ) .wyeNumberHO' n

. .Wyesofpaniﬂ-".ft




TABLE 1
Identification of Elbows Tested
— Turning  Average Velocity
- Angle i"El
r [ Numbor 3T U 10
o [inches) _B/0  of Pleces (degrees) _M_E:BL.
#==""5 10 3 %0 9 1625 207
1.0 ] %0 o e 2w
1.0 5 50 1020 1656* 2278
1.8 3
1.5 4 %0 946 1609 2311
1.5 [ %0 §51 1618 2284
1.0 3 90 99 16 130
1.0 ‘ 2 988 1678 2368
1.0 H %0 968 1684* 2369
1.5 3 %0 981 1630 2362
1.5 ‘ 90 961 1851° 2300
LS s %0 965 1641* 2350
1.0 3 90 $0  1630° 2354
1.0 4 90 900 16440 2304
1.0 5 90 932 1883 2384
15 ] W WE 16
1.5 [ %0 979 1648° 2348
1.5 5 50 578 1639 2340
T.0 | %
€ 1.0 4 45 951 1671% 2299
[ 1.0 5 L] 47 16E0* 2295
e 3 .3 T a5 1L 10 A2 2 4
0 5 1.8 ‘ [ 945 16720 2048
[ [ 1.5 5 4 T 1676 2333
1.0 : | W™ NE I oim
£26 10 1.0 4 5 $73  1626% 2358
£l 10 1.0 [ a5 $81  1841* 2355
[ 10 1.5 3 a5 9Ta 1640~ 2358
[#] 10 1.8 ‘ 5 904 1636% 2342
£X 10 1.8 5 [ 986 1637* 237)
[} T3 1.0 ] I U L L LA 2
(513 16 1.0 ‘ % 911 1635 1M
£ 18 1.0 5 4 928 1636 2363
0] 15 1.5 3 45 920 1642° 2305
£ 16 1.5 4 4“5 926 1641° 2046
3 16 1.5 5 a5 §30 1630 2344

*Designates cases for which complete profiles were obtained.

& & @

S-PlECE 4-PIECE

ELBOWS: CODE E
REFEREMCE FITTING 3-2, p. 33.33, 1985 ASHRAE FUNDAMENTALS

3-PIECE

Tables 1 through 5 identify the 69 fittings. Average
velocities for the tests are given in sfpm. Since air density
within the duct was typically less than standard density,
velocities in sfpm are smaller than actual target velocities
0f 1000, 1750, and 2500 {pm. Cases dencted by an aster-
isk (*) in Tables 1 through 5 are thosefor which vertical and
horizontal traverses were made. Only centerline velocities
were measured for the other cases.

RESULTS

The final report (Griggs et al. 1987) documents the ex-
tensive results. lllustrative centerline velocity data plots,
velocity profiles, and summaries are included inthis paper.

Centerline velocity data for all elbows are given in
Table 6. Results for all elbows are similar, with the most

apparent distinction being betweenthose for 45° and 90°
elbows. Centerline velocities for contractions and diffusers
are given in Tables 7 and 8. Marked distinction was found
inthe profiles downstream of these fittings when operating
as a diffuser and when operating as a contraction. Center-
line velocities for round-to-round diverging junctions are
givenin Table 8. Table 10 contains centerline data for round
diverging wyes having a 45° elbow tap connection. Cen-
terline data for junctions with a rectangular main and a
6-in.diameter branch are listed in Table 11.

The centeriine velocity data were examined while con-
sidering the physical distinction between fittings within a
category to see if variation in data could be correlated with
particular factors. The most discernible influence was
angle for elbows, wyes, and tees.

Groupings of data were plotted to portray the spread
in centerline velocities al each longitudinal measuring sta-
tion. The solid line in each plot connects the average values
at each position. Elbow data are shown in Figure 2. Con-
ical contraction and conical diffuser data are plotted in
Figure 3. All data for contractions are plotted together, while
those for diffusers have been grouped for each of the three
diffusion angles. Note the scale difference between plots
for contractions and diffusers when comparing results.
Figure 4 is for round-to-round junctions, while Figure 5 is
for rectangular-to-round junctions.

The spread in centerline data was large immediately
after the fitting in a!l cases. The most consistent consolida-
tion of data at the 10-diameter station was noted for the
elbows. The dispersion of data at all stalions was more pro-
nounced for the wyes and tees. Data spread in general
suggests situational dependence, but attempls (o identify
such through examination of data sorted by distinctive
elements within a category were unfruitful, Consequently,
it is recommended that tabulated data bz used without
atternpting to rely on a single number within a category.

The distinction between vertical and horizontal profiles
and downstream profile evolution is shown for representa-
tive tests in Figures 6 through 13. The broken line in each
case shows whare VIVis unity. The scale permits qualitative
evaluation at best, but all data represented here and all
other profile data can be examined more quantitatively by
referring to expanded plots given in the project report
(Griggs et al. 1987). A few additional tests were included
where measurements were made farther from the fitting
than the upper value of 10 diameters included in the
original work, with the intent being to explore the continu-
ing effect of flow development, which did not occur at the
10-diameter location in all cases. Figures 12 and 13 show
profiles for these additional tests.

Velocity profiles exhibited some interesting patterns.
The vertical prolfiles following elbows exhibited con-
siderable symmetry, while asymmetry was evident in the
horizontal ones near the fitting (Figures 6 and 12). For con-
tractions, the velocity profiles were similar and nearly sym-
metrical for both the vertical and horizontal traverses, The
similarity and symmetry also occurred for ditfusers, butthe
patterns and local velocity magnitudes were quite distinct
for the two different fittings. Example cases for wyes and
tees are shown in Figures 8, 10, 11, and 13. Vertical profiles
for wyes and tees were also more consistently symmetrical
than were hotizontal profiles. Within the range of conditions




examined for each fitting type, larger variations in patterns
occurred for junctions than for the undivided fittings
(elbows, contractions, and diffusers). The absence of sym-
metry and the fact that larger velocity gradients were pre-
sent close to the fitting undoubtedly contributed to the
spread in measured centerline velocities noted earlier,

MEASUREMENT UNCERTAINTIES

Uncertainty in the results, reported as WV, is due to
uncertainties in local velocity, flow rate, and cross-sectional
area determinations. Pressure differentials from the pitot
tubes were routed to a capacitance-type transducer,
whose output was, in turn, routed to a computer-aided data
acquisition system. The complete system was routinely
calibrated against a micromanometer having a scale
readability of 0.001 in. H,0. Routine experience with these
units indicates that this accuragy is difficult to ascertain
through extensive production-type testing. An uncertainty
in pressure differential measurement of +0.001 in. H,O
would correspond to a possible error ranging from
+0.26% to +1.6% for the range of velocities encountered
in this work. With a more realistic uncertainty of +0.003in.
H,O, the resultant range would be +08%¢to +4.8%. The
larger percentages are for velocities of about 1000 fpm.

A detailed error analysis, made for the flow-measuring
system used in this work, was previously reported to
ASHRAE (Henderson et al. 1986). Error estimates includ-
ed therein depended on flow conditions, but they indicated
that flow rate should be within +2% when care is exercised
throughout. Swim (1986) has also discussed practical
problems associated with flow rate measurement and use
of pitot tubes. For WV values near 1.0, an error of +3% indi-
cates a band on the ratio of about +0.03. Some of the data
resulted in a smaller spread than this, but accuracy better
than +3% would be most difficult to claim.

FLOW RATE ESTIMATION »

Determining flow rate from velocity measurement pro-
bably ranges in practice from making a single measure-
ment (e.g., centerline) to detailed traversing. Estimating
flow rate from centerline velocity is rooted in the validity of
this approach for symmetrical, fully developed flow. When
fully developed flow in a circular passage can be repre-
sented by the power law expression,

V=V, [1 - @iD)" (¥4}

the relationship between average and centerline veloc-

ities is

- 2n? )
n+H@n+1)

The power law exponent varies with Reynolds number
(Sissom and Pitts 1972). When flows prevail where veloc-
ities are not governed by known mathematical relation-
ships, the use of only the single centerline velocity could
lead to considerable error unless its relationship to the
average velocity is known from experimental work. The
extensive tabulations of centerline velocity provided by this
study should be useful for the range of conditions covered
and should provide insight for other cases as well.

&)

c
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HVAC testing and balancing practitioners most likety
rmake multiple velocity measurements when determinin,
flow rate. Detailed specifications for making traverses are
specified in a SMACNA manual (SMACNA 1983) and in
Chapter 13 of the 1985 ASHRAE Fundamentals (ASHRAE
1985b). Selected sets of data from this work were usedig
estimate flow rate by interpolating data to obtain velocitieg
at radii specified in ASHRAE (1985b).

The scheme usedin averaging velocities for flow rate
estimation was based on the traverse pattern specifiedin
Chapter 13 of ASHRAE (1985b). The specification requires
measurement of 20 velocities at prescribed radii. Ten are
made on one diameter and the other ten on a second
diameter 90° from the first. Flow rate calculations were
made via this technique for 20 sets of data, encompassing
data from fittings of each category included in this work,
Estimated flow rates, expressed as an average of V/V, are
tabulated in Tables 12 through 15. A value of 1.0 would indi-
cate exact prediction. For each case, results are given for
the horizontal and vertical traverse data at each of the live
longitudinal measuring stations. The ratio corresponding
to the prescribed 20-paint averaging scheme is given by
the average of twotabular entries. The reason that separate
numbers are shown for vertical and horizontal is to indicate
whatis obtained if only one traverseis made in the respec-
tive plane. The ratios shown for each direction are whatis
obtained if only 10 values, based on a single traverse, are
used assuming symmetry in the other plane. When averag-
ing the ratios for both directions, consistent with the two-
diameter traverse, the error is less than the maximum error
based on a single traverse in all cases. In several cases
where large error occurs if only one plane is used, the two-
plane error is small because the error for the two single-
plane traverses counteracts. Individual data spread for
each case examined is best obtained from Tables 12
through 15. An abridged summary follows.

For each fitting category, two numbers are shown.
One is the maximum error calculated for the selected
cases using only a single traverse. The other, in paren
theses, is the maximum error for each category for the
cases examined if two traverses are used. These arelisted
to provide an overview. Since variations occurred for di-
ferent fitings within a category, more specific case-by-case =
details should be obtained from Tables 12 through 15. The
largest errors occurred for data obtained nearest the fitting. =

More consistent results for all cases are obtained
when flow rate determinations are based on measure:
ments 10 diameters downstream of the fitting. When
measurements must be made closer to a fitting, car
scrutiny should be given to interpretation. The data obla
ed in this work and included here should provide bt
qualitative and quantitative insight to those who make
velocity measurements downstream of HVAC sheet 3
fittings. .

)
3

APPLICATION TO THE LOCATION OF
VELOCITY/VELOCITY PRESSURE SENSORS
The data gathered in this study are intended 10 %
practical use in the determination of the optimal | "
of velocity/velocity pressure sensors. Tables 6 through 14
present a ratio of centerline velocity to average cluct vers
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jor various fitting types, traverse locationg, and main/
:,d. velocities. These data can be used to:

getermine the distance between the fitting and the
" gansor that is required to obtain a centerline velocity
representative of average duct velocity,

2. determine the distance between a fitting and velocity
" sensor required to obtain a repeatable ratio of center-
hine velocity 1o average duct velocity over a range of
average duct velocities that would be similar to the
range of velocities experienced in a VAV system,

3 develop a recommendation of certain fittings that
should be avoided in designing VAV syslems due to
their inherent tendency to disrupt the flow leading into
a VAV control unit,

The remainder of this section evaluates the tested fit-
tings with these objectives in mind.

Table 6 presents the ratios of centerline to average
duct velocity for varying sizes of 90° elbows of 3-, 4-, and
5-piece construction at various average duct velocities,
For almost all elbows tested, a distance of 6 diameters of
straight duct between the elbow and the sensor is required
to obtain a centerline velocity representative of the
average duct velocity. However, the repeatability of the
ratio of the centerline to average velocity at various duct
velocities is evident at two diameters of distance. Place-
ment of a velocity sensor at this location should yield
repeatable measurernents that all have the same ratio to
average duct velocity. Utllization of the sensor in such a
location would simply involve a correction to the sensor
calibration curve based on the ratio of centerline to
average duct velocity for the installed sensor.

Tables 7 and 8 present similar data for round-to-round
contraction and diffusion fittings. Measurements taken as
far as 10 diamelters from the fittings failed to identity a loca-
tion where the centerline velocity was representative of the
average duct velocity. However, when the fittings were
subjected to various duct velocities, these ratios were
basically repeatable at distances aslittle as one diameter
between the fitting and the measurement location.

Table 9 presents data for round diverging junctions.
Fittings Y1, Y2, and Y3 represent junctions where the
branch tap exits at 90° from the main duct. These fittings
demonstrated a centerline velocity that was relatively
representative of average duct velocity at a measurement
location four diameters from the fitting. For all locations less
than four diameters, neither a representative nor repeat-
able measurement was indicated. Fittings Y4, Y5, and Y6
represent fittings whose branch tap exits at 30° from the
main duct, These fittings exhibited no measurement loca-

tion less than 10 diameters downstream where either the
centerline velouily was representative of the average duct
velocity or the ratio of the two velocities was consistent. As
aresult, these fittings should be avoided when designing
VAV systems.

Table 10 contains similar data for round diverging
wyes with a 45° elbow tap connection. Again, no location
within 10 diameters of the fitting was determined where
either the centerline velocity was indicative of the average
duct velocity or their ratios were repeatable over the
prescribed range of velocities. These fittings should also
be avoided when designing VAV duct systems.

Table 11 represents data for diverging junctions with
a rectangular main duct feeding a round tap. Fittings T1,

' T2, and T3 are fittings with the branch tap exiting at a 30°

angle from the main ducl. The centerline velocity was not
representative of the average duct velacity at any mea-
surement location within 10 diameters of the fitting. The
ratio of the centerline to average velocity was fairly repeal-
able at distances 6 to 10 diameters from the fitting. These
distances are not, however, very practical inactual installa-
tions. Fittings T4, T5, and T8 are fittings where the branch
tap exits at 90° frorn the main duct. Again, no measure-
ment location was identified within 10 diameters of the fit-
ting where the centerline velocity was indicative of the
average velocity. Fairly consistent ratios of centerline to
average velocity were obtained at distances of four
diameters and greater from the fitting. Fittings T7, T8, and
TS are identicalto T1, T2, and T3 except that they have a
conical branch connection to the main duct. This differ-
ence in construction makes no significantimprovementin
performance, Fittings T10, T11, and T12 are identical to
T4, T5, and T6 except that they also contain a conical
branch tap. Again, no significant improvement in perfor-
mance was noted.

SUMMARY OF GUIDELINES
FOR SENSOR LOCATION

Centerline velocity measurements taken downstream
of elbows can be expected to yield reasonable accuracy
provided the measurement location is separated from the
fitting by at least 6 diameters of straight, rigid duct down-
stream of the elbow. Similar measurements taken in a
round, rigid branch duct exiting ata right angle fromarec-
tangular main and a round, diverging junction with the
branch extting at 20° frorn the main duct can be expected
to yield accurate resulls provided the sensor location is
separated by at least 4 diameters of straight, rigid duct
from the main duct. Other fittings tested did not exhibit any
location within 10 diameters of the fitting where the center-
line velocity was indicative of the average duct velocity.




Measurements made following rigid 90° elbows and
round-to-round contracting and diffusing fittings indicated
that a consistent ratio of centerling to average velocity
(V.1V) is obtainable with as little as 2 diameters of rigid
duct between the fitting and measurement location. Con-
sistency of this ratio is also obtainable when 4 diameters of
straight duct separate the sensor and a round diverging
junction with a branch exit angle of 802 Diverging junctions
with rectangular mains and a round branch exiting at 30°
require 6 to 10 diameters separation for a consistent ratio
of V,/Vto exist, and 4 diameters when the branch exits at
aright angle rather than 30°

In actual field application, the lengths of straight, rigid
duct noted above are seldom available upstream of
desired sensor locations. All of these facts lead to one
simple conclusion—once installed, the velocity sensor
should be calibrated by means of determining the branch
air flow by traverse or outlet readings and establishing a
sensor calibration curve that relates to the installed device.
Care should be taken to provide as much straight duct
immediately preceding the sensor as possible. Fittings
identified as poor for use preceding such sensors should
be avoided. Field measurement—and thus control—
accuracies should not be expected to exceed or even
equal those obtained in the laboratory setup of this study.
Data are not applicable to flexible duct connections from
the duct main to a terminal box.

CONCLUSIONS

Within the scope of tests made in this project, the
following conclusions are offered.

1. At 10 diameters after fittings, flow is not completely
symmetrical or fully developed. Lack of development
appears more prevalent for divided fittings than undi-
vided ones. Data obtained for three additional tests at
larger distances show near development at approx-
imately 25 diameters, but even for such extended
lengths, exact coincidence of vertical and horizontal
profiles is not observed. o5

2. V,/Vfor elbows is not markedly influenced by flow rate,
diameter, number of segments, or A/D. Turning angle
appears to have the most distinctive influence on
results. Vertical profiles exhibit near symmetry, but
horizontal ones are asymmetric. t kg

3. Most symmetry occurs for conical contractions. Profiles
are flatimmediately after the fitting; they appear almost
developed at 10 diameters downstream. Magnitudes of
V,/V varied with contraction angle. -

4. Pronounced jetting occurs immediately after conical
diffusers with separation occurring near the wall, Ve-

‘locity profiles are markedly different irom those after
conical contractions. Magnitudes of V,/V depended
strongly on diffusion angle.

5. For round-to-round and rectangular-to-round junctions,
the main-to-branch angle and the ratio of main-to-
branch flow rate appears to influence velocity mag-
nitudes and profile patterns. For these divided flow
fittings, downstream vertical profiles exhibit near sym-
metry, asis the case with elbows, but horizontal profiles
are characterized by marked asymmetry.

6. Useof single-plane traversesimmediately after fittings
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(e.g., up to 4 diameters) for flow rate determination can
lead to large error. More reliable determinations (eg., on
the order of +5%)can be madeif the proper traverses
are made at distances greater than 10 diameters,

7. Placernent of a single-point velocity sensor at least two
diameters downstream of elbows will provide repeat.
able measurements; it would be necessary to calibrate
the sensor using data for the ratios of measured center-
line to average velocities.

ACKNOWLEDGMENTS

The work reported in this paper was funded under ASHRAE
403RP. The guidance and aid provided by TC 9.7 were most
helpful and sincerely appreciated.

NOMENCLATURE
D = duct diameter (in.)

fpm = feet per minute

le = entrance length

n = exponent in power law equation (Equation 2)

r = variable radius within flow (Equation 2)

R = centerline radius of elbows or radius of round duct (in.)
Rep = Reynolds number (dimensioniess)

sipm = standard feet per minute

v = |ocal velocity (fom)

Ve = centerline velocity (fpm)

v = mass-average velocity (fpm or sfpm)

Fitting Code Prefixes
C = prefix used in coding contractions

DC = prefix used in coding diffusers

DY = prefixused in coding round-to-round wyes witha
45° elbow connecting main to branch

E = prefix used in coding elbows

T = prefix used in coding rectangular-to-round
junctions

Y = prefix used in coding round-to-round junctions
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o3 TABLE 2
,on of Round-to-Round Diverging (Ditfusers)
Converging (Contractions) Fittings Tested

"’——-—F”—— lvlrlv: :chluhy
, te Divergence sfpn
. m::lm:l. 10, Angle (deg.) o1 02 3 1]
’-‘—-‘L‘ — AGLE ~— — —

-
| ot i 2 960 1564* z4d8  ss0v
[t §t010 45 956  1659* 2260  600*
- oo 90 971 1672% 2228 602%
= 6 to 12 20 904  1598* 2369 403* g . COWICAL DIFFUSER (ROUND): CODE DCD
6 to 12 4 927 1597* 2166 396 i
= R R %0 o 1607 2117 sgge  TEFERENCE FITTING 4-1. p. 33.37, 1985 ASHRAE FUNDAENTALS
..-f"m"to—f o b L3 L} T
10to6 s 1028 1587% 2368 4460*
- 10 to 6 % 011 1563* 2339 4405 e -4 AXGLE —
oot 12t0 6 20 994*  1650* 2415  6402*
: 12106 a5 838 1500 2436  6256*
o 12to 6 90 924  1s87* 2303  6351* CONICAL CONTRACTION (ROUND): CODE CD
————
wgeddputes cases for which complete profiles were obtained, REFERENCE FITTING S5-1, p. 33.39, 1985 ASHRAE FUNDAMENTALS
TABLE 3
identification of Round-to-Round Wyes Tested
Code Dismeter Dizmeter Divergence V Branch
m, of Main of Branch Angle ——
{inches) (inches)  (degrees) ¥ hain
Test
011 b2 o1y o021 022 B3 byl D32 b
982 952 1611 1604% 1590 2281 2305 2280
oo f ® o s 75
i 12 : % 933 933 922 1618% 1610% 1580* 2257 2278 2295 AT
97 Tl 7B 9% W7 BT 9 Tess 24T
" 1 5 % 909 882 946 1592 1591* 1572 2267 2284 2308
53 Y623 w5 9 TEIZ T/ TUE T TL e Ay — —
908 924 900 1621 1610 1631 2323 2290 2298
" 10 ¢ R om wE B WE VAT TAY B 160 B \
s 12 s 2 913 912 928 1604" 1620 1621" 2085 2278 2297 BRANCH '\ *
IFHE Telo 7S YW T I 9B TeIB 726
Y6 16 6 W 957 942 905 1612 1629% 1605 2329 2280 2305
Iy TIe B 9 TEI0 W3 93 L6
*Designates cases for which complete profiles were obtained. \
DIVERGING WYE (ROUND): CODE Y
REFERENCE FITTING 6-8, p. 33.37, 1981 ASHRAE FUNDAMENTALS
TABLE 4
identification of Tested Wyes with 45° Elbow-to-Branch C: th
Inline
C"one Dlnlet Outlet D?ranr.h V Branch
0. iameter Diameter ameter e T ot
(inches) (inches) (degrees) ¥ tatn et
'Cii Lo
011 B2 D13 D21 D22 23 DM 0% 0%
1] 10 3 6 945 981 931 1619 189" 1586 2290 2261 2270
9% Te:m 64 947 e I®/3I 92X 163} 20
orz 12 € € 921 920 947 1610° 1617* 1629 2318 2304 2300
5% Tew BT 9 Tew W TIW LM 7%
NIVOMIE 41" T, CONGEAC WAIE AR0 BAaacy,
DY3 16 6 & 906 891 924 1622 1659* 1623 1646 1728 181) WiMH A0 T, BACE ¥ 19 MER GO0 #T
O3 1627 7%B 939 631 2263 928 TEZ3  ZZEE  MALAaC NiTIim G-IT. g, T, NG AN PoRsenidd

* Designates cases for which complete profiles were obtained.
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TABLE 5
|dentification of Tested Teea with a Rectangular Maln and a 6-Inch Diameter Branch
Code  Main Width Branch Tap , V Branch
No, by Hefght Angle Type .| =
{{inches) {degrees) ¥ Madn
Test
ooz 0 022 3D o3z 033
n 8 7 30 1 923 913 1618 1638 1602 2272 2270 2280
3 ol TR 926 6T w68 9% 1610 222
904 898 B899 1605+ 1600¢ 1592 2262 2263 2283
T 22 xl0 oA TeIE 7256 9 613 w7 9% 16 2%
939 923 908 1596 1598+ 1592 2284 2288 2777
o R a2 9% Te00 A5 93 1619 260 929 1620 7256
Iy ax 7 90 1 912 910 1630  1596e 1608 2286 2279 2299
938 60z L T @ el Ten I
934 931 921 1591+ 1677+ 1572« 2252 2253 2244
TS H2I0 0 9m Tew e 9B WA W 97 78
954 953 957 1623 1584+ 1612 2281 2277 2201
e 2810 o 9 607 T4 9% T4 76 938 TS0 2%
n 8 7 10 2 910 929 1586 102 1650 2260 221 2285
X o7 T6eT W5 T 26 9% 6B 2
942 934 914  1530% 1504~ 158Bv 2269 2265 2259
B lexl B ek o5 M T 1603 2E 0T 167 2265
917 925 935 1588  1584* 1590 2303 2296 2295
Ta Baie o W 0% TS5 M6 947 Y607 Wer 9 Teo  2ml
910 934 1610 1600* 1651 2303 2311 2219
S i 93T 9% Tel zEL 9 Tom e
904 906 904 1579+ 1583+« 1501+ 2223 2214 2188
m g0 w2 o e 2T 9% Tewm 729 9 Ted 2w
899 899 91z 1608 1599* 1605 2286 2278 2278
12 Bxlo 0 oE 93 Tl 720 923 T50B 2%l 939 TRl Bk

*Designates causes for which complete profiles were obtained,

8 (1) Butt (Round) C

3 (2) Contcal Ce

TABLE 6
Centerline Velocity Data for Elbows

Coda Dia.No. WD Angle
(in.Fon (Dag.} ip 2D 4D

[

o

0.73 09.77
0,75 0.79 .
0.76 0.78 0.94 1.04 1.11
0.81 0.80 0.94 1.03 1.10
0.83 Q.81 0.94 1.04 1.11
0.71 0.79 0.96 1.06 1.11

'Velocity Ratia, Ve / Vavq.
6l 10D

92 1.02 1.08
4 1.03 1.10

715 0.81 0.98 1.07 1.12

0.76 0.81 0.96 1.06 1.11

3 3 0.73 0.75 0.92 1.0 1.08
3 £l 0.74 0.76 0.94 1.02 1.08
3 a2 0.79 0,77 0.94 1.02 1.08
4 5 0.77 0.79 0,95 1.03 1.07
4 L) 0.76 0.79 0.96 1.03 1.08
4 5 0.77 0.79 0.95 1.0 1.08
] s 0.69 0.79 1103 1.08
] 5 0.68 0.80 1.05 1.09
5 s 0.72 0.80 1.05 1.09

E7D1 ) 1 bl L]

E702 10 3 1 50 0.83

E7D3 10 3 1 50 o

EBDL 10 4 1 90 0.7%

EAD2 10 L) i a0 .04

E8DY 10 4 i 50 0.83

ESDL 10 3 1 50 .86

BSD2 10 5 1 90 0.87

ESD3 10 % 1 20 0.30

E10D1 10 3 1.5 20 0.76 0,93

El0D2 10 3 1.5 0 0.77 0.77 0.94 1.01

E10D3 10 b ] 1.3 %0 0.82 0.77 0.93 1.00

ELlDY 10 4 1.5 20 0.64 0.83 0.99 1.04

El1Da 10 4 1.3 0 0.69 0.81 0.98 1.04

B11D3 1o 4 1.5 90 0.70 0.8 0.99 1.05

Elzpl 10 ] 1.3 0 0.72 0.82 0.99 1.05

E12D2 10 ! ] 1.3 20 0.74 0.82 0.98 1.05

E12D3 10 L) 1.3 20 0.79 0.84 1.00 1.06

E11D1 14 3 i 0.81 0.77 0.94 0.96 1.09

E11D2 1% 3 1 90 0.84 0.79 0.94 1.03 1.09

E110] 18 3 1 0 0.85 0.79 0.95 1,03 1.09

E14D1 16 4 1 Lo 0.85 0.80 0.95 1.03 1.09

B14D2 16 ‘4 L 0 @.90 0.80 0.95 1.01 1.09

E14D3 14 4 i o 0.93 0.8 0.95 1.01 1.09

B15D1 18 s 1 a0 0.82 0.8 o.98 1.05 1.10

B135D2 1& s 1 50 0.88 0.84 0.96 1.04 1.10

B18D3 16 5 1 a0 0.87 0.82 0.97 1.04 1.10
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TABLE 6

atio, vg.
4D 10D

1.5 %o .87 0.81 0.9 1.0 1.07
1.5 s0 ©.91 0.80 0.2 1.00 1.07
1.5 90  0.91 0.80 0.91 0.9%% 1.06
1.5 20 0.80 0.97 1.03 7
1.5 %0 0.80 - 0.97 1.03 .08
1.5 L 0.081 0.82 0.96 1.02 1.08
1.5 L0 0.76 0.85 1.00 1.04 1.09
1.5 20 0.82 0.95 1.06

1.5 0 0.84 1.00 1.05

e

b} 1.23 0.93 0.9 0.98

1 45 1.21 o.00 0.93 0.98

1 45 1.25 0.98 0.94 1.00

1 45 1.20 0.83 0.87 0.95 1.03
1 s 1.22 0.86 0.89 0.97 1.085
1

1

by

1

45 1.24 .90 0.90 0.87 1.08
45 1.19 0.86 0.89 0.98 1.05
45 1.18 0.88 0.92 0.98 1.06
48 1.22 0.90 0.92 0.98 1.05

2201 3 . . 3
P 6 3 1.5 1.17 0.91 0.9 1.06
w2303 6 3 1.8 45 "1.20 0.91 0.98 1.06
230 & 4 18 45 1.21 0.89 0.97 1.07
g0 6 4 1.5 45 1.1 0.91  0.99 1.06
2000 6 4 LS 45 1.2 0.8 0.97 1,05
24 6 5 L5 45 1.21  0.86 0.50 0.98 1.06
oz 6 5 1.5 45 1.22 0.87 0.92 1,00 1.07
o 6 5 1.5 45 1.23 0.92 0.92 0.99 1.06
5o 10 3 3 1.19 ©0.84 0.86 0.95 1.03
w50z 10 3 1 45 1.21 0.87 0.89 0.96 1.04
risDd 10 3 1 45 1,24 0.92 0.0 0.97 1.05
r3601 10 4 1 45 1,22 0.88 0.87 0.96 1.05
£i602 10 4 1 45 1.24 0.51 0.89 0.96 1.05
£3603 30 4 1 45 1.2%9 0,95 0.91 0.98 1.05
€701 10 5 1 45 1.20 0.84 0.86 0.95 1.03
2702 10 5 1 45 1.22 0.87 0.87 0.97 1,08
€703 10 5 1 45 1,24 0.0 0.90 0.97 1.05
Ea01 10 3 1.5 45 1.20 ©.,50 0.87 0.96 1.05
£2802 10 3 1.5 45 1.21 ©.93 0.87 0.97 1.05
803 10 3 1.5 45  1.22 0.5 0.89 0.97 1.06
E39D1 10 4 1.5 45 1,19 0.88 0.5 0.97 1.06
£2907 10 4 1.5 45 1.21 0.92 0.86 0.98 1.05
E2903 10 4 1.5 45 1,22 0.95 0.90 0.99 1.06
E3ODL 10 5 1.5 45 1,19 0.87 0.87 0.97 1.06
£30D2 10 5 1.5 45 1.19 0.51 0.87 0.97 1.05
£I0D3 10 5 1.5 45 1.21 0.93 0.86 0.96 1.03

TABLE 6

Centerline Velocity Data for Elbows (Concluded)
Code Dia.No. R/D Angle Velocity Ratio, Ve / Vavg.

(in.Pecs. (Deg.) pt.3 0 40 &D 10D
EJ1D1 16 3 1 45 1.22 0.97 0.89 0.96 1.04
E31D2 16 2 1 a8 l.22 0.98 0.91 0.97 1.04
EJ1D3 16 3 1 45 1.23 1.00 0.90 0.95 1.04
El2D1 16 e 1 45 1.24 0.95 0.90 0.96 1.05
EI2D2 16 4 1 45 1.24 1.00 0.91 0.97 1.04
E32D3 16 4 1 45 1.25 1.02 0.93 0.97 1.05
E1ID1 16 s i 45 1.22 0.96 0.90 0.96 1.06
E1ID2 16 s 1 45 1.24 ©0.98 0.9%0 0.96 1.04
EJID1 16 L] 1 4% 1.28 1.01 0.93 0.98 1.05
EJ4D1 16 3 1.5 45 1.23 1.0 0.88 0.96 1.05
E34D2 16 3 1.5 45 31.20 1.08 0.88 0.95 1.06
EJ4D3 16 3 1.8 45 1.20 1.0% 0.88 0.95 1.03
EI5D1 16 4 1.5 45 1.20 0.99 0.87 0.98 1.06
E15D2 16 4 1.5 45 1,20 1.04 ©0.88 0.96 1.05
E15D1 16 L3 1.5 45 1.20 1.08 0.88 0.97 1.05
E36D1 16 8 1.5 a5 1.19 1.00 0.87 0.96 1.05
EJ6D2 16 8 1.5 “ 1.20 1.04 0.88 0.96 1.05
E16D1 16 s 1.5 43 1.20 1.07 0.88 0.96 1.05
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TABLE 7
Centerline Velocity Data for Round-to-Round Contractions

Inlet Dia.
Velocity Ratio, Vc / Vavg
Code outlnt Di ANGle ..ccasicasanuusinsssisnevonnyenns
(in.) (Deg.) 1iDp 2D 4D 6D 10D

cD1D1 10 TO 6 20 1.08 1.09 1.10 1.13 1.15
CD1D2 10 TO 6 20 1.10 1.10 1.12 1.14 1.17
€D1D3 10 TO 6 20 1.10 1.11 1.12 1.14 1.17
CD1D4 10 TO 6 20 1.13 1.14 1.16 1.18 1.20
CD2D1 10 TO 6 45 1.12 1.13 1.14 1.16 1.21
€D2D2 10 ™0 6 45 1.12 1.12 1.14 1.18 1.18
<Db2D3 10 T0 6 45 1.12 1.13 1.14 1.16 1.19
CD2D4 10 70 6 45 1.14 1.14 1.16 1.17 1.19
CD3ID1 10 TO 6 90 1.17 1. 1.20 1.21
CDID2 10 TO 6 90 1.16 1.16 1.17 1.18 1.20
cD3D1 10 70 6 %0 1,17 1.17 1.18 1.20 1.21
CD3D4 10 TO 6 50 1.20 1.20 1.21 1.22 1.21
CD4D1 12 TO 6 .06 1.08 1.08 1.11 1.15
CD4D2 12706 20 1.07 1.08 1.11 1.13 1.16
CD4D2 12 70 6 20 1.07 1.08 1.10 1.12 1.14
CD4D4 12TO 6 20 1.08 1.09 1.11 1.12 1.15

secueanesetvesssessassser tsatERevesasertostnsans s nanons
CD5D1 12 TO 6 45 1.11 1.11 1.13 1.15 1.19
CcD5D2 12 70 6 45 1.09 1.10 1.12 1.18 1.17
CDS5D2 12 TO 6 45 1.09 1.10 1.12 1.14 1.16
CDSD4 12 70 6 43 1.10 1.10 1.11 1.1 1.15
CD6D1 12 70 6 90 1.15 1.15 1.17 1.2 1.2
CD&éD2 12 70 6 S0 1.16 1.15 1.17 1.19 1.21
CD6D3 1270 6 90 1.18 1.16 1.17 1.19 1.20
CD6D4 12 70 6 90 1.17 1.16 1.17 1.19 1.19

D LR R

—~

TABLE 8
Centerline Velocity Data for Round-to-Round Diffusers

Inlet Dia.
to Veloclity Ratio, Vc / Vavg
Code Outlet Di Angle 1D 2D 4D - 6D 10D
(in ) (Deg.)

DCD1D1 6 TO 10 20 2. 27 1.86 1.32 1.19 1.15
DCDID2 6 TO 10 20 2.26 1.86 1.26 1.13 1.12
DCD1D3 6 TO 10 20 2.36 1.80 1.28 1.14 1.11
DCD1D4 6 TO 10 20 2.40 1.8 1.28 1.17 1.13
DCD2D1 6 TO 10 45 2.59 1.65 1.09 1.05 1.07
DcD2D2 6 TO 10 45 2.59 1.65 1.11 1.08 1.09
DCD2D3 6 TO 10 45 2.55 1.63 1.11 1.08 1.09
DCD2D4 6 TO 10 45 2.81 1.74 1.19 1.11 1.14
DCD3D1L 6 TO 10 90 3.46 2.82 1.43 1 13 1.12
DCD3D2 6 TO 10 90 J.42 2.75 1.43 1.13 1.09
DCD3ID3 6 TO 10 90 3.35 2.76 1.39 1.11 1.09
DCD3D4 & TO 10 90 3.46 2,87 1.42 1.1§ 1.11
DCD4DL 6 TO 12 20 2.79 1.91 1.19 1.08 1.08
DCD4D2 4 TO 12 20 2.86 1.96 1.20 1.07 1.06
DCD4P3 6 TO 12 20 2.81 2.00 1.21 1.08 1.09
DCD4D4 & TO 12 20 2.83 2,00 1.13 0.96 1.00
DCD3D1L G TO 12 45 2.36 1.56 1.07 1.09

DCD5D2 & TO 12 45 2.25 1.52 1.14 1.09

DCD5D3 6 TO 12 45 2.41 1.54 1.15 1.11

DCD5D4 6 TO 12 45 2.53 1.6 1.02 1.02 1.02
DCD6DL s TO 12 90 4.87 3.28 . 1.02 1.00
DCD6D2 6 TO 12 90 4.81 3.29 1.33 1.10 1.08
DCDSD3 6 TO 12 90 4.05 3.23 1.33 1.09 1,09

DCD6D4 6 TO 12 90 4.93 J.41 1.29 0.97 3.01
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TABLE 9
velocity Data for Round Diverging Junctions

8. ;
of Branch Velocity Ratio, Vc / Vavg

Branch ANQI® crisecciccirtaaviiniraracassarseny
(in.) (Deg.) 10 2D 4D 6D 10D

P T PRy

L 90 0.35 0.66 1.04 1.12 1.12
[ S0 0.78  0.78 1.03 1.11 1.12
[ g0 0.91 0.85 1.04 1.10 1.12
6 S0 0.26 0.54 1.08 1.12 1.08
(3 20 0.60 0.67 1.01 1.07 1.06
6 a0 0.91 0.78 1.06 1.1 1.09
6 90 0.22 0.55 1.16 1.17 1.08
[ 20 0.28 0.66 1.08 1.17 1.15
© 20 0.48 0.70 1.05 1.13 1.12
& 0 0.26 0.58 1.01 1.09 1.08
6 90 0.80 0.74 1.00 1.07 1.09
6 20 1.02 0.82 1.01 1.08 1.11
6 90 0.18 0.35 1.07 1.10 1.07
6 20 0.32 0.61 1.03 1.11 "1.10
(3 90 0.63 0.69 1.01 1.10 1.11
6 90 o0.18 0.32 1.02 1.09 1.02
6 S0 0.22 0.64 1.06 1.16 1.14
6 20 0.38 0.65 1.00 1.10 1.10

.63 1.08 1,18 1.18

& 80 1.01 0.98 1.08 1.10

6 90 1.17 0.96 1.04 1.08

noa 16 6 90  0.18 1.11  1.18 .1.18

TI032 16 € 90  0.43 1.00 1.11 1.09

Yoo 16 6 90  1.10 0.98  1.07. 1.08
Pttt 16 6 90 0.18 0.32 1.10 1.24
nm2 16 ¢ 9 0.13 0.52 1.02 1.12
st 16 6 90 0.8 0.6 1.02 1.10

R TN R

iDil 6 30 1.26 1.23  1.15 1.12  1.10

6 30 1,22 1.11 1.1 1,13 1.32

6 30 1.02  1.04 1.10 1,13 1.12

6 30 1,23 1.22 1.28 1.24 1.13

6- 30 1.21 1.18 1.09 1.05 1.05

6 30 1.22  1.15 1.09 1.05 1.05

6 30 1.21  1.39 1.42 1.23 1.08

6 30 1.13  1.13  1.13  1.13  1.1§

6 30 1.21  1.18 1.08 1.06 1.04

1.12 1.11 1.12
1.08 1.11 1.10
1.08 1.11 1.11
1.31 1.27 1.13
1.08 1.06 1.07
1.10 1.10 1.11
1.44 1.20 1.08

15032 1.22 1.22 1.17
Y5033 1.12 1.11 1.11
Y6DLL 1.18 1.20 1.20
Yemaza 0.95 1.05 1.12 1.13
Y6DLI 30 0.83 0.90 .1.06 1.11 1.12
Y621 30 1.45 1.41  1.39 1.33 1.23
yéniz 30 1.25  1.20 1.17 1.17 1.14
Y623 30 1.08 1.02 1.08 1.12 1.13
Y6021 30 1.52 1.61 1.51 1.26 1.15
Y6D32 30 1.29 1.27 1,20 '1.20 l.18
Yenaa o 1.21 1.18 1.14 1.12 1.10

B R R cesesanan

TABLE 10
Centerline Velocity Data for Round Diverging Wyes Having
@ 45° Elbow Tap Connection

Dia. Dia. Dia.

of of Inline Velocity Ratio, Ve / Vavg
Code Main Branch OUBISL ..v.cecesserrecassnarsrnssvsssanes
(in.) (4n.) (in.) 1D 20 4D &D 10D

DY1D11 10 6 6 1.12 1.10 1.05 1.04 1.06
DY1D12 10 6 6 1.16 1,13 1.04 1.04 1.08
DY1D13 10 6 6 1.16 1.11 1.04 1.06 1.09
DY1D21 10 6 % 1,22 1.17 1.1 1.17  1.20
DY1D22 10 6 6 1.12 1,08 1.04 1.02 1.05
DY1D23 10 6 6 1.09 1.08 0.99 0.98 1.01
DY1D31 10 6 6 1.14 1.08 1.19 1.29 1.13
DY1D12 10 6 6 1.18 1.14 1.06 1.10 1.15
DY1D33 10 6 6 1.17 1.14 1.20 1.08 1.1
DY2D11 6 6 1.17  1.10 1.03 1.00 1,06
by2pi2 6 6 1.18 1.15 1.04 1.04 1.07
DY2D13 6 € 1.20 1.16 1.04 1.02 1,07
DY2p21 6 6 1.16 1.04 1.07 1.24 1.14
DY2D22 6 6 1.14 1.08 1.02 1.02 1.07
D¥2p23 6 6 1.11 1.08 1.01 1.00 1,02
DY2p31 12 6 6 0.81 0.88 1.13 1.19 1,11
DY2D32 12 6. 6 1.15 1.14 1.13 1.17 1.14
D¥2p33 12 6 6 0.18 1.13 1.06 1.08 1,11

R e Ry A = s
DYap11 16 6 € 1.1% 1.13 1.07 1,05 1.09
DYID12 16 6 6 1.16 1.11 1.01 1.00 1.03
DY3D13 16 6 6 1.17 1.10 0.98 0.98 1.02
gYJDEI 16 6 6 1.20 1.11 1.08 1,20 1.28
Y3022 16 6 6 1.24 1.10 1.03 1,03 1.09
gYsbza 16 6 6 1,15 1.08 1.00 1.02 1.05
ngbsx 16 [ ¢ 1.1%9 1,08 1.16 1.25 1.2§
D¥3032 16 6 6 1.16 1,09 1.01 1.03 1.10
¥3D3y 16 6 6 1.15 1.09 1.02 1,02 1.05
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TABLE 11
Centerline Veloclty Data for Diverging Junctions with
Rectangular Main and Round Branches

TABLE 11
Centerline Velocity Data for Diverging Junctions with
Rectangular Main and Round Branches (Conlinued)

Rect. Aranch
Code Hain Takeoff Tap Velocity Hatlo, Ve / Vavg

Mgl angle  CONRL  reeean, sassansiierrs

(in.)  (Deg.) Type i 0 100
T1D11 8 X7 20 .10 1.34 1,01 0.55
T1D12 8 X7 10 1.2% 1.1s 1.09 1,08
T1D21 8 X7 30 1.1% 1,10 L.16 1,17
T1D22 8 X7 10 1.21 1.15 1.03 0.9¢
T1D23 B X7 30 1.3 117 1.10 1.09
T1D31 X7 20 STR 0,26 1.05 1.31 1,32
T1D32 8 X7 30 STR 1,10 1.07 1,00 1.02
T1033 8X7 10 STR 1.21 1.16 1,03 0.3
011 12 X 10 a0 TR 1,227 .21 117 .15
TI012 12 X 10 30 TR 1,31 112 1.1 L.1e
T2013 12 X 10 10 5TR 1.380 1.07 1,09 1.14
T3 12 X 10 10 STR 1,51 1.41 3101 L33
12022 12 X 10 30 STR L 1. 1.1 .18
T2023 12 X 10 30 STR 1,28 1,17 111 1.1
TIoL 12 X 10 a0 STR 1.69 1,75 1,08 1.14
Tz 12 X 10 30 STR 1.34 1,31 1.26 1.19
T2033 12 % 10 10 STR 1,31 1.20 1.7 1.0
TID11 18 X 10 30 5 .
TID12 18 X 10 a0 1.26 1.08 1.07 1.11
TID1) 18 X 10 30 1.26 1.04 1.00 1,12
TI021 18 X 10 30 STR 1,40 1.6 101 1.2
TID22 18 X 10 30 STR 1,17 1.17 117 1.1
T3ID23 18 X 10 20 STR 1.21 1.14 109 1.1
T3031 18 X 10 30 STR 1.48 1.53 1.2 1,18
TIDI2 18 X 10 kL STR 1.30 1.28 1.24 1.22
T3D33 18 X 10 30 STR L6 1.16 1,16 1.1% 1.12

TABLE 11
Centerline Velocity Data for Diverging Junctlons with
Rectangular Main and Round Branches (Continued)

Code Main Takeaff Tap Velocity Ratio, Ve / Vavg

NxH  angle €oAn.  Li.oiiaeaes

(in.)  (Deg.) Typm 1o el 4D 60
T10D11 8X7 90 CON 0,57 0.70 0.96 1.03
T10D12 8 X7 90 CON 0.7% 0.4 0.97 1,04
T10021 8 X7 90 CON 9.36 0.54 0.99 1.09
T10D22 ax7 90 CcoN ©.58 ©.72 0.96 1.05
T10D23 8 X7 90 CON 0.70 0,77 0.96 1.03
T10DI1 ax7 30 CON 0,18 0.3% 0.97 111
T10D32 8 X7 90 coN 0.3% G643 0.97 1.07
T10D33 8 X7 0.50 0.74 0.98 1,06
T11D11 12 X 10 0.¢9 0.73

T11D12 12 X 10
T11D13 12 X 10
T11D21 12 X 10
T11D22 12 X 10
T11D23 12 X 10
T11D31 12 X 10
T11DJ2 12 X 10
T11D13 12 X 10

0.8 0,80 0.92 0.99
0.95 9.#5 0.96 1.01
0.48 9.70 0.98 1,09
0.74 ©.764 0.93 1.0%
0.81 ©.77 0.91 o0.98
0.22 0.67 1.06 1,11
0.61 @.72 0.97 1,07
0.74 0.7% 0.9) 1.02

T12D11 18 X 10 90 CON 0.94 0.86
T12D12 18 X 10 90 CON 0.99 0.87
T12013 18 X 10 90 CON 1.05 0.89
T12D21 18 X 10 90 CON 1.13 1.12
T12D22 18 X 10 90 CON 0.94 0.85
‘T12D23 18 X 10 90 CON 0.96 0.86
T12D31 18 X 10 90 CON 1.56 1.18
Ti2D32 18 X 10 90 CON 1.07 1.00 1.04 1.0% 1.0
T12D33 18 X 10 90 CON 0.96 0,90 0.95 1.0 1.8

TABLE 11
Centerline Velocity Data for Diverging Junctions with
Rectangular Main and Round Branches (Concluded)

T Rece " peanch
Code Hain Takeoff Tap
¥ xH angle Conn.

(in.}  (Dwg.) Type

Velogity Ratie, Ve / Vavg

e ien

TID11 ax7 30 CON 1.00 0.9% 0,92 ©.95 1.02
T7D12 X7 30 CON 1.41 1.00 0.96 1.0F 1.06
T7D21 X7 e CoN 0.88 ©0.91 1.01 1,31 1.10
T7Da2 ox7 10 COoN 1.01 0.9% 0.93 0.90 1.0
T7D23 aXx7 30 CON 1.6% 1.01 0.95 0.99 1.05
TID31 ax? Jo CoN 0.94 0.97 1.21 1.20 1.09
T7D32 ax 1 CON 0.95 0.92 0.78 1.04 1.09
T7D33 X7 3 CON 1.02 0.96 0.%4 0.99 1.04
r 10 a0 CON 1.11 1.09

-0 1.
X 10 0 CON 1,39 1.10 1.09 1.08 1,08
X 10 30 CON 1,13 1.09 1.09 1.10 1.08
1.2 1.24 1.26 1.2 1.9)
1.12 1.10 1.07 1.08 1.0%
1.0% 1.09 1.080 1.08 1.04
1.40 1.44 1.31 1.16 1.06
.45 1.1 1.14 1.17 1.1%
1.11 1.08 1,07 1.07 1i.08

1.08 1,05 1.03 1.03 1.07
1.09 1.09 1.09 1.09 1.05
1.11 1.11 1.11 1.11 1.07
1.15 1.11 1.15 1,18 1.13
1.09 1.05 1.04 1,05 1.08
1,09 1.09 1,08 1.07 L1.08
1,32 1.35 1.31 1.18 .08
1,08 1.07 1.09 1.12 1.12
1,07 1.02 1,02 1,03 1.06

®ect.  Oranch

Code Main Takeoff Tap
wxH angle conn. .. . asss
(in.)  (Desg.) Type 10 EL 40

valocity Ratlo, Ve / Vave

90 sTR ' 0.45 0.47 0.94

X7
T4D12 ax7 %0 STR 1.09 0.63 0.94
‘TAD21 8 X7 50 STR 0.18 0.2) 0.88
T4D22 LB 8 90 STR 0.19 0.35 0.91
T4D23 P X7 0.7 0.97
T4DI1 ax? 0.26 0.8
T4D32 o x7 0.29 0.93
T4D3) X7 0.36 0.94
TSD11 X 0.32 0.90
TSD12 0.56 0.90
‘T5D12 0.71 0.89
T5D21 0.24 0.98
TSD22 0.44 0,91
T5D23 0.61 0.92
TSDI1 0.18 0.94
T5D32 0.27 0.9
T5D33 45 0.m)
TSD11
TeD12
T6D13
T6D21
T6D22
T6D23
TEDI1
T6D32
T6D3] 9.43 0.99

T Trerern

O SBurr



TABLE 12
Ratlo of Average Velocity from Pitot Traverse to Average
velocity from Independently Measured Flow Rate
(Selected Elbow Cases)

e

r;-avets. Traverse Fitting Test Code Number

position Plane .......... shecscecccsscscasssssasans
E1D2 E13D2 ~-E19D2 E31D2

P T T

1D v 1.118 1.158 1.164 1.102
H 0.964 0.929 0.845 0.849
A v 1.082 1.086 - 1.100 1.085
H 1.017 1.006 0.970 0.944

B T T

4D v 1.065  1.063  1.068  1.045
H 1.043 1.021  1.013  0.988
ep v 1.057  1.062  1.061  1.040
H 1.043  1.009  1.026  0.974
TS v 1.048  0.971  1.049  1.015
H 1.033  1.026  1.021  1.001

5-PIECE 4-PIECE

ELBOWS: CODE E
REFERENCE FITTING 3-2, p. 33.33, 1985 ASHRAE FUNDAMERTALS

3-PIECE

TABLE 14
Ratlo of Average Velocity from Pltot Traverse to Average
Velocity from Independently Measured Flow Rate
(Selected Y and DY Cases)

fessssssrananne

Position

Prrssssn s

.
T I T

Sy py

Traverse Traverse Fitting Test Code Number
PlAN@ .ccccccccsscccsssncssssssscscsscsnns
Y's DY's
Y1ibD22 Y4aD22 DY3D22 -
(90 Deg.) (30 Deg.)

DY1D22

e e s ececreesecnecnaneeesesssesncsanetccesssceseitssTEnEe

1D 1.447

0.888

1.137
0.929

1.126
0.946

1.187
0.980

<

i

2D 1.226 1.130 1.075 1.154

0.890  0.970  0.937  1.028
T lers ""1i1200 T1.043  1.127
0.997  0.989  1.048

=<

4D

X<

1.003
6D 1.023 1.105 1,036 1.104
1.002  1.018  1.003  1.058
10D v 7 Tele79 T T1.071 1.029  1.081

H 0.979  1.036  0.998  1.049

e
M I I T I

<

BIVENGING WY (Mowm0): Comt ¥
TITHR 68, p. 10.0, 1901 ABSA FEERAIETA

IVONIES 48° WY, CONICAL FAIN am REASCN,
WITH 4¢ DM, SRt %07 TO MAIR: CO0E OF

MFUERCE FITTING 617, p. 1.40, 1905 ASSAL FSSMPTALS

-~
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TABLE 13
Ratlo of Average Velocity from Pltot Traverse to Average
Velocity from Independently Measured Flow Rate
(Selected Contraction and Diffuser Cases)

D I I T T T I A caen

Traverse Traverse
Position Plane

Diffusers
DCD4D2

Fitting Test Code Number

Contractions

DCD6D2 CD4D2 CD6D2

B I

1D v 1.232  1.300  1.029  1.011
H 1.158  1.406  1.013  1.021
2D v 1.184  1.217  1.029  1.022
H 1.146  1.277  1.015  1.018
4D v 1.052  1.102  1.033  1.036
H 1.079  1.115  1.021  1.024
6D v 1.021 1.043  1.038 = 1.046
H 1.029  1.053  1.020  1.029
10D v 1.003  1.012  1.034  1.042
H 1.005  1.009  1.009  1.019 _

CONICAL CONTRACTION {ROUSI): CODE (D

SEFURERCE FITTING 5-1, p. 33.39, 1963 ASHBAL PEMENTALS

D I I I

e -

it Aj__

COMICAL DIFTWSEN (Awm): COSE oc0
MEFERERCL (ITTIRG 4-1. p. .1, 1906 AUSME FERSENTALS

N

TABLE 15
Average Velocity Ratlos on the Basls of Equal Area
(Selected Tee Cases)

T;;;;;;;'i';-;:/;};; o Fitting Test Code Number

Postion Plane ...c.ccccccccncccccccrncaccncans e
\ Straight Tap

TiD22 TID22 T4D22 T6D22
..1i6...'.'-.6-...-..i:aaﬂ 1.062 1.149 1.258
H 0.902 0.928 0.877 0.951
..-56'.'. ...G..-....i:a;;-.--l-OGI 1.126 1.204
H 0.921 0.934 0.853 0.847
.‘.26-.-. V. ) 1.056 1.064 1.0458 1.025
H 0.939 0.978 0,993 1.085
ey “"1.037° T1.051  1.003  0.986
H - 0.953 1.002 0.99%0 1.039
Tt TV T  T1le1sT T T10004 0.972  0.971
' H 0.971 1.015 0.976 0.982

B

CCTABSRLAR MALR
YT CommCTION
20 REARTE
fIvERcIse TIE. WALE TO WD WT TR :

RECTASGMLAN
(90" CASL Sowm):. CooX T
SOTCRORCY. FITVING -6, p. J0.45, 1985 ASNME MesMeCxTALS
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Figure 2 Centerline velocity data for elbows (a) 90°; (b) 45°
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Figure 3 Centerline velocity data for contractions and and diffusers
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Figure 4 Centerline velocity data for round-to-round junctions (a) 90°; (b) 30°; (c) all DY’s
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Figure 5 Centerline velocity data for rectangular-to-round junctions
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Figure 6 Depiction of profile evolution for test case E2D2
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Figure 8 Dapiction of profile evolution for test case DCD3D2
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Figure 10  Depiction of profile evolution for test case DY1D22
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Figure 9 Depiction of profile evolution for test case Y1D22
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Figure 11 Depiction of profile evolution for test case T1D22 A
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Figure 12  Depiction of profile evolution for test case E6D22 with extended downstream measuring stations
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