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ABSfRACf 
Pilot ttJbss were used ro determine sir veloc//lss 

do11f11Slre1m of 69 sheet metal duct fittings, Including 
tJl)llNS, conical contractions, conics/ diflussrs, round·IO­
IOIJ(ld /unctions, and rectsngular-toround functions. For 
-r161 mass·svsrsga valocltlas of 1000 and 2500 fpm, 
otntlrflna velocities l'/llre measured st distances of 1, 2, 
I. 6. and 10 diameters downstream of the fittings. Vertical 
.rid horizontal velocity prof lies were obtained at Iha same 
11at/ons for s target mass-average velocity ol 1750 fpm. 
For /unctions, measurements were made OYer a range of 
main-to-branch fl<m rate ratios. For one a/bow and two 
.-s, prof/las were also obtBlned st doNnstream distances 
/eglJr than 10 diameters. 

Results are expressed as Iha ratio of measured 
ll!llocitY to average valoclty. Fkm Is not fully developed for 
any case. Flow rats cs/cu/slions using profile data for 20 
cases yield /81f16 errors at 1 diameter downstream o/ aey 
fltling; however, the error Is s/gn/lfcsntly lower st the 
10</iamerer station. Typical vartlcsl and horizontal pro/lies 
111 each measuring station afB shown graphically. Maa· 
sured oenterllne velocities are tabulated. 

The ldenlillcatlon of the velocity profiles leaving these 
fittings is of particular Importance In locating VAV terminal 
units within a duct system. The control accuracies of 
these terminals cannot be expacl!Jd to be any greater than 
the accuracy of measurement of the parameter they ate 
control/Ing, in this case velocity orveloclty pressuie. The 
data obtained In this study offer valuable Information 
regarding the optlmal locatlon of these measuring and 
conrrolllng devices, as well as the ex.peered accuracies of 
measurement end, thus, control. 

INTRODUCTION 
The primary objeclive of the work reported in thfs 

paper was to measure centerline ...e!ocity at d stancesol 1, 
2. 4, 6, and 10 diameters (0) c!ONnstream ol 69 HVAC shetil 
metal duct fittings including elbows, conical contractions, 
conic:QI di If users. roundto-round junctions. and rectangu· 
lar·to·round junctions. Only centerline velocities were 
measured for target mass-average velocities of 1000 and 
2500 lpm, while velocity profiles were obtained via 
traverses lor a target mass·average velocity ol 1750 fpm. 
Detailed descriptions of the work, a complete listing of all 
data. and plots of vertical and hOJizontal profiles are g ven 
in Griggs et al. (1987). 

A secondary objective of this study was to apply the 
data obtained through the tasting phase to prooict opllmal 
location of singlepolnt flow·measurlng devices and to 
estimate the relative accuracy that might be expected 
under optimal and less than optimal, but more realistic. 
conditions. A11hough most pneumatically controlled ter· 
minel units currently utilize some type of flll)Y-avereging 
sensor with multiple pick·up points, many electronically 
controlled units still offer only a single-point plck·up. This 
colleclion of data, obtained at various distances down· 
stTeam from the littings and at various main/branch duct 
velocities, enables certain conclusions to be formed re­
garding the selection ol optimal sensor locations and 
Identifies limitations ol the slngle·point sensor accuracy 
when subjected to certain take-off and operallonel ooncfi· 
lions. The data do not cover velocity patterns from dlstur· 
bances such as dampers and flexible duct. 

EXPERIMENTAL SYSTEM 
Air flow through the duct system was provided by a 

centrilugal fen driven by a 30-hp motor. Flow rates were 
determined from measurements of pressure drop across 
a sat of spun elumlnvm. longradlus, 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 
plenum inlet. Air was dumped from ports on both sides of 
the transition between the Ian and plenum to control flow 
rate. A24 to 14NCHn.-dlametertransltlon was used between 
the plenum and an entrance length of 14· or 10.in.-dlameter 
duct. A second transition was used between the entrance 
section and the test system duct. A flow straightener, 
fabricated In accoldance with ASHRAE Standard 51·1985 
(ASHRAE 1965a), was placed in one section of the 
upstream 14- or 10.ln.·diameter duel. Asvfflc ent length of 
test system duct was-placed upstream of the fitting to pro· 
vide lulfy developed flaw at the fitting entrance. The length 
was greater In all cases than that calculated by 

Leto = 4.4 Reg" (1) 

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

Nozzles having nominal diameters ol 4, 6. and 8 
inches were used in determining the supply now rate. An 
orifice plats, calibrated against the nozzles. was used to 
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F/gu19 1 Schematic of experimental system, conflgwed for tests with a branc~pe fitting 

determine flow rate in lhe 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 posl· 
tioning of pilot tubes. The apparatus consisted principally 
of a structural base, a movable traversing fixture. and items 
lo aid In automated measuremenis. 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 16·1t section of duct to be properly 
aligned and firmly attached to the base. The traversing fix· 
ture supported tv.o p1101 tubes and was designed to move 
one along a horizontal line of travel and the other along a 
venicaJ line a travel. Computer-controlled stepping motors 
were used to move the pilot tubes across the duct. The 
traversing fixture was mounted on guide rods ronnlng 
along the top of the apparatus. A computer-controlled 
chain drive was used to position the ll>dure longitudinally. 

Ambient dry· and wet·bulb temparatures and baro­
metric pressures were measured to determine ambient air 
density, which was cortected for other stations within the 
test system using local pressure and temperature mes· 
surements. Pressure drop across the ASME nozzle bank 
and upstream Slatic pressure Y.Ere measured to determine 
supply now rete. When branch ducts were lflllOlved, 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. H20. 

The pressure differential outpl,11 ot each pilot tube was 
routed to a capacitance-type pressure transducei; which, 
lmurn. produced an Oll!put voltage mat was routed directly 
to lhe data acquisition system. The dataacquisilion system 
wascaJi.brated and checked routinely against a reference 
micromanomeler. Pitot tube ou!puts 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 sequen~ia! 
number assigned to the fitting In its category. The next d1g.1 
was always the letter D followed by a number Indicating 
target average test velpcities. For elbcms, contractions. and 
diffusers. 01, D2. and 03 represent. respectively, targOI 
velocities-ct 1000. 1750. and2500fpm. Rlr~andtees. 
a two-digit number after D indicates a panicular com bin& 
tion of main and branch target VQlocltles. wrth 1. 2. and 3 
associated, respectively. with 1000, 1750, and 2500 fpm. 
Two examples follow. 

E2D2 ... .. .!_ 2 D2 

• Target Velocity Alter 
• • • • Fitting s 1750 rpm 

• • • • • • Elbow Number 2 

DY1D12 ... DY D12 

• Designates Elb<7t¥ 

Target Velocities 
After Fitting . ) 

1000 !pm (m81n 
1750 fpm (branc:t! 

• Wye Number 1 fat, 
DY group 

• Wyes of partic1JW .J 
type 

~ 
El 
E2 
El -(.-
ES 
E6 
-El-

EB 
E9 
~ 
(II 

Ell 
EiJ 

EU 
m 
ar­
m 
£16 

-nr­
EZO 
m 

-rrr-
m 

.... 



TABLE1 
ld•ntlllC.Uon of Elbowe TNted 

l~rnln'll A.nt•r:,~loc1tJ 
Mtlt 

'11• · Ml.IJbtt CU.1 ""' C.1t 

-~ 
_!£L Gf Plues. !deo,...•I DI •! DI 

i ----- • l .D ) IO 194 161' W1 p 
6 l.D ,4 IO ,., HU• ·11J8 

II 
1.0 5 90 101D J'56' !VI 

f.-= 1.& ) " HO J&li• 2'113 
rs I . I • !IO 946 1609' 2311 

" 
l.S 5 !IO m lllll' zzo< ,,-- 10 1.0 ) 90 hJ J6ic- fli6 

a 10 l .O • 90 "' m1• 1161 

ti 10 1.0 5 !IO "" l'84• 1311 

w 10 I . I J .. ' tel 1612'- ~l 

Ul 10 I. I ' 90 911 1611' mo 
[II ID 1. s s IO HS ti.fl~· tlSD 

m 16 1.0 90 tw 1'30' l.!54 

n• 16 1.0 9D HO 1944• ZJU 

m II 1.0 90 9l! 140'• 1354 
Tt6 " I.I 16 '" IU•• mo 
(II 16 1.6 .. f79 164.I• ma 
[II 16 1.s IO ,,, 113'1· zw 
m I 1.0 IS ts• ... ,. UOJ 
l1D 6 l.O 4S HI 16'1" 1199 
Ill • 1.0 41 m 1660• ms 
Ill • J.S u 145 161i' lJD 
m 6 l.S 41 916 1171' ms 
11• • 1.1 0 141 lltti' ZJJl 
m ID i.O "' IJlll lfibll 236! 
m 10 1.0 •s 913 1126' ma 
111 10 1. 0 '5 tel 1•~1· 2156 
t13 10 I . I 4S . 

'" 1140• ?118 
{l9 10 I.I 41 '°' 1~6· Zl4Z 
[lCI 10 1. 1 4S 916 16J7• 1)1) 
[JI 16 l.O u th 1'41' U•S 
m " 1.0 41 911 16W zm 
!ll 16 1-D • •S HS '"' .. lli3 
Ill 16 1.5 •I tzo 1Hl" ws 
m 16 ... 45 916 , .. ,. m• 
m .. 1.1 <I 930 16.3:1• Z).14 

•0ts19n1tH cues for Mhtch complete profiles .,. obt11n.d. 

~} ~J. ~jl' . • 
t t 
5-PIEC[ 4-PIECE l-PIECE 

~= CODEE 
IEFEREllCE FITTIA6 l-Z, p. 33.Jl, 19115 AS1tME ~AU 

Tables 1 thr.ough 5 identify the 59 fittings. Average 
velocities for lhe tests are given in sf pm. Since air densi1y 
within the duct was typically less than standard density. 
velocities in sf pm are smaller than actual target velocltl!JS 
or 1000, 1750, and 2500 fpm. Cases denoted by an aster· 
lsk (') tn Tables 1 through 5 ere lhosefor whicll 11Brtical el')d 
horizontal traverses were made. Only centerline velocities 
were measured for the other cases. 

RESULTS 
The final report {Griggs et at. 1987) documents the ex-

tensive results. Illustrative centerline velocity data plots. 
velocity profiles, and summaries are included in this paper. 

Centerline velocity data for all efbows are given in 
Table 6. Results for all elbows ere similar, with the most 
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apparent distincllon being between those for 45° and 90~ 
elbows. Centerline velocities for contractions and cfiffusers 
are given 1n Tables 7 and 8. Marked distinction was found 
In the prol~es doWnstream or lheselittingswtien operating 
as a diffuser end when operating as a contraction. C~nter­
line veloc~les for round-to-round diverging junctions ere 
giwn in Table 9. Table 10 contains centerline d91a for round 
diverging wyes having a 45° elbow tap connection. Cen· 
terllne data for junctions with a rectangular main and a 
6-in.dlameter branch are listed in Table 11. 

The centerline velocity data were examined wh!lecon· 
sidering the physical distinction between fittings within a 
category to see if variallon In data could be correlated with 
particular factors. The most discernible influence was 
angle for elbows, wyes, and lees. 

Groupings of data were plotted to ponray the spread 
in centerline velocities at eacll longitudlnal measuring sta: 
tion. The SQlld line in each plot connects the average values 
at each position. Elbow data are shown in Figure 2. Con­
ical cont1action and conical diffuser data are plotted in 
Figure 3. All data for conlractlons are ploned together, while 
those for diffusers have been grouped for each a the three 
diffusion angles. Note the scale difference between plots 
tor contractions and diffusers when comparing results. 
Figure 4 ls for round·lo·round junctions, while Figure 5 is 
tor rectangular-to-round junctions. 

The spread In centerline data was large Immediately 
after the lilting in all cases. The mosloonsistent oonsolida· 
tlon of data at the 10·diameter station was noted for the 
elbows. The dispersion ot data at all Slations was more pro­
nounced lor the wyes and tees. Dala spread In general 
suggests situational dependence. but attempts to ldentily 
such lhrough examination oj data sorted by distinctive 
elements wahin a category were unfruitful. Consequently. 
it is recommended that tabulat.ed data ba used without 
attempting to rely on a single number within a category. 

The distinction between vertical and horizontal profiles 
and downstream profile evolution ls shown for representa· 
tlve tests In Figures 11_lhrough 13. The bro~n line in each 
case shows where \I? V Is unity. The scale permits qualitative 
evaluation at best, but all data represented here and an 
other profile data can be examined more quantitalively by 
referring to expanded plots given in the project report 
(Griggs et al. 1987). A few additional tesls were Included 
where measurements were made farther from thefit1ing 
than the upper value of 10 diameters included in lhe 
original work, with lhe intent being to explore the contlnu· 
ing effect ol llow development, which did not occur at lhe 
10·dlameter location in all cases. Figures 12 and 13 show 
prollles for these additional 1ests. 

Velocity profiles exhibited some Interesting patterns. 
The vertical profiles following elbows exhibited con· 
siderable symmetry, while asymmetry was evident in the 
horizontal ones near the fitting (Figures 6 and 12). Forcorr 
tractions. the velocity profiles were similar and nearly sym­
metrical lor both the vertical and horizontal traverses. The 
similarity and symmetry also occurred for diffusers, but the 
patterns and local velocity magnitudes were quite distinct 
for the two different fittings. Example cases·for wyes and 
tees are shown in Flgures9, 10, 11, and 13. Vertical profiles 
for wyes and tees were also more consistently symmetrical 
than were horizontal profiles. Within the range of condmons 



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 VIV, is due to 

uncertainties in local velocity, flow rate, and cross·sectional 
area determinations. Pressure differentials from the pilot 
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. H20. Routine experience with these 
units indicates that this accuracy is difficult to ascertain 
through extensive production· type testing. An uncertainty 
in pressure differential measurement of ±0.001 in. H20 
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 ±0.003 in. 
H20, the resultant range would be ±0.8% 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 
ASH RAE (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 pilot tubes. For VIV values near 1.0, an error of ±3% indi­
cates a band on the ratio of 'Olbout ±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 = V0 [1 - (2r/0)] 11" (2) 

the relationship between average and centerline veloc­
ities is 

VIVc ~ 2n' . 
(n + 1) (2n + 1) 

(3) 

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. 
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HVAC testing and balancing pracblloners most l1kety 
make mulliple velocity measuremenis when determining 
flow rate. Detailed specifications for ma.king traverses are 
specified in a SMACNA manual (SMACNA 1983) and Jn 
Chapter 13of the 1985ASHRAE Fundamenta!S (ASHRAE 
1985b). Selected sets of data from this Y<Ork were used to 
estimate flow rate by interpolating data to obtain velocities 
at radii specified in ASHRAE (1985b). 

The scheme used in averaging velocities for flow rate 
estimation was based on the traverse pattern specified in 
Chapter 13 of ASH RAE (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 VIV, are 
tabulated in Tables 12through 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-poinl averaging scheme is given by 
the average of two tabular entries. The reason that separate 
numbers are shown for vertical and horizontal is to indicate 
what is obtained if only one traverse is made in the respec· 
live plane. The ratios shown for each direction are whal is 
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 ii tv.u traverses are used. These are listed 
to provide an overview. Since variations occurred for dn­
ferent fittings 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. care!IA 
scrutiny should be given to interpretation. The data ob~ 
ed In this work and Included here should provide i;: 
qualitative and quantitative insight to those who ma!\~ 
~elocity measurements downstream ol HVAC sheet , 
fittings. 

APPLICATION TO THE LOCATION OF 
VELOCITY NELOCITY PRESSURE SENSORS 

The data gathered In this study are intended to bt!d 
practical use in the determlna~on of the optimal I~ 
of velocity/velocity pressure sensors. Tables 6 throu~ 
present a ratio of centerline velocity to average duct 
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IOf various fitting types. travers1:1 locationc, and mRin/ 
~velocities. Ttiese data can be used to: 

determine the distance between the fitting and the 1• sensor that Is required to obtain a centerline velocity 
representative ol average duct velocity, 

2 determine the dist.ance between a fitting and velocity 
· sensor required to obtain a repeatable ratio of center­
line velocity to average duct velocity over a range of 
average duct velocities that would be similar to the 
range ol velocities experienced in a VAV system. 

3 develop a recommendation of certain fillings that 
sllOUld be avoided in designing VAV systems due to 
their inherent tendency to disrupt the flow leading into 
a VAV control unit. 

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

Table 6 presents the ratios of centerline to average 
duct velocity for varying Sizes of goo elbows ol 3-, 4·. and 
5-plece construction at various average duct velocities. 
For almost all elbows tested. a distance of 6 diameters of 
Sl<alght duct between the elbow and the sensor is required 
10 obtain a centerline velocity representative of the 
average duct velocity. However, the repeatability of the 
ratio ol the centerline to average velocity at various duel 
velocl1ies is evident at two diameters of cfJStance. Place­
ment of a velocity sensor at this location should yield 
1epea1able measuremenls that all have the same ratio to 
average duct velocity. Utlllzatlon of the sensor in such a 
local on would slmply 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 tor round-to-round 
comraclion and diffusion r.uings. Measurements takim as 
far as 10 diameters from the fillingsfeiled toidenttty a loca· 
tion where the centerline velocity was representative ofthe 
average duct velocity. However, when the fillings were 
subjected to various duct velocities, these ratios were 
basically repeatable at distances as llllle as one diameter 
between the fitting and the measurement location. 

Table 9 presents data for round diverging junctions. 
F11t1ngs Y1, Y2, and Y3 represent junctions where the 
branch tap exits at goo from the main duel. These fittings 
demonstrated a centerline velocity that was relatively 
representa1ive of average duct velocfty at a measurement 
locat10n lour diameters from the fit1ing. For all locations less 
than four diameters, neither a represenlalive nor repeal· 
able measurement was indicated. Fittings Y 4, YS, and Y6 
represent fillings whose branch tap exits al 30° from the 
main duct. These fittings exhibited no measurement loca· 

tion less than 10 diameters downstream whefe eilher the 
centerline velcx.:it y was representative of the average duet 
velocity or the ratio of the two velocities was consistent. As 
a result, these fittings should be avoided when designing 
VAV systems. 

Table 1 O contains similar data for round diverging 
wyes with a 45 ° elbow tap connection. Again, no location 
within 10 diameters of the frtting was determined where 
etther the centerline velocity was indicative ol the average 
duct velocity or their ratios were repeatable over the 
prescribed ran~e of velocities. These fittings should also 
be avoided when designing VAV duct systems. 

Table 1 1 represents data for diverging junctions with 
a rectangular main duct feeding a round tap. Frttings Tt, 

· T2, and T3 are ftttingswith the branch tap exiting at a30° 
angle from the main duel The cenlerline velocity was not 
representative ol the average duct velocity at any mea­
surement location within 10 diameters of the fitting. The 
ratio of the centeiline to average velocity was falrly repeat­
able at distances 6to10 diameters from the fitting. These 
distances are not. however, very practical in actual Installa­
tions. Fittings T 4. TS, and T6 are fittings where the branch 
tap exits at 90° from the main duct. Again, no measure­
ment location was identified within 1 O diameters of the fn· 
ting where the centerline velocity was indicative of the 
average velocity. Fairly consistent ratios of centerline to 
average velocity were obtained at disiances of four 
diameters and greater from ttie fitting. Fillings n. Ta. and 
T9 are identical to T1. T2, and T3 except that they have a 
conloal branch connection to ttie main duct. This dflfer­
ence in construction makes no significant improvement in 
per1ormance. Fittings T10. T11, and T12 are identical to 
T 4, TS, and TS except that they also contain a conical 
branch tap. Again, no significant improvement in perfor­
mance was noted. 
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SUMMARY OF GUIDELINES 
FOR SENSOR LOCATION 

Centerline velocity measurement.s taken downstream 
of elbows can be expected to yield reasonable accuracy 
provided the measuremenl location ls separated from the 
fllting by at least 6 diameters of straight. rigid duct down· 
stream of the elbow. Similar measurements taken in a 
round. rigid bra rich duct exiting ata right angle from a rec· 
tangular main and a round, diverging function with the 
branch exrting at 90° from the main duet can be expected 
to yield accurate results 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 
locallon within 10 diameters of the frtting whe<e the center­
line velocity was indicative of the average duet velocity. 



Measurements made following rigid 90° elbows and 
round·to·round contracting and diffusing fillings indicated 
that a consistent ratio of centerline to average velocity 
(VJVJ is obtainable with as liltle-as 2 diameters of rfgid 
duct betweeri 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 exJt angle of 90~ Diverging junctions 
with rectangular mains and a round branch exiting at 30° 
requi~ 6 to 10 diameters separation for a consistent ratio 
of V0 /V to exist, and 4 diameters when the branch exits at 
a right angle rather than 30~ 

In actual field application, the lenglhsolstraight, 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 llow by traverse or outlet readings and establishing a 
sensor calibration curve !hat 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. 

CONCWSIONS 
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. . .. 

2. V.(V for elbows is not markedly influenced by flow rate, 
diameter, number of segments, or RID. Turnii;ig angle 
appears to have the most distinctive influence on 
results. Vertical profiles exhibit near symmetry, but 
horizontal ones are asymmetric. 

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

4. Pronounced jetting occurs Immediately alter conical 
diffusers wilh separation occurring near the wall. Ve­

, focity profiles are markedly different frOf!! those after 
conical conlractions. Magnitudes of V<IV depended 
strongly on diffusion angle. 

5. For rourid-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 
filtlngs, dO'Nnslream vertical profiles exhibit near sym­
metry, as is the case with elbows, but horizontal profiles 
are charact.erized qy marked asymmetry. 

6. Use of single· plan a traverses Irnmedlately alter fillings 
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(e.g., up to 4 diameters) for flow rate determination can 
lead to large error. More reliable determinations (e.g., on 
the order of t5%) can be.made if the proper traverses 
are made at distances greater than 10 diameters. 

7. Placement of a single-point velocity sensor al least two 
diameters downstream of elbows will provide repeat· 
able measurements; ltwoutd be necessary to calibrate 
the sensor using data for the ratios ol measured cenier· 
line to average velocities. 
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NOMENCLATURE 
D = duct diameter (in.) 
lpm = feet per minute 
LB - entrance length 
n = exponent in power law equation (Equation 2) 
r - variable radius wilhin flow (Equation 2) 
R = centertine radius of elbows or radius of round duct ~n.) 
Re0 = Reynolds number (dimensionless) 
slpm = standard feel per minute 
V = local velocity (fpm) 
V0 = centerline velocity (lpm) 
17 = mass·average velocity (fpm or sfpm) 

Fitting Code Prefixes 
C = prefix used in coding contractions 
DC = prefix used in coding diffusers 
DY = prefix used in coding round-to·round wyes with a 

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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TABLE2 
~on of Round·tc>-Round Dlwrglng (Dlttuaera) 

,nc1 ConY91'91ng (Conlracllon1) Fltllng1 T•led 
_ .......;:,;;--- iwenri• itloch:r 
~ lll•t 01a. t.o Dtvtrgence (sfpa) 
~ 01 1 . (tft ,J Ansle !deg.) pi Ol OJ De 

• 6 to 10 20 964 158•• 2448 590'* 

-

- 6 to 10 •5 956 1659' 2260 600' 
, to 10 90 971 1672• 2228 C502* 

- 115 to 12 20 904 lSgst 2369 403• 
.. 6 to 12 45 927 1597• 2166 396• 

- ·... 6 to 12 90 930 1602* 2117 m• 
,.. ~·~,...,.,,......~~~-..-~~~~u...-,nn--.:nr--i""11'" ....- :~ 
: 1405' 

... 2' 

: -·~ 6351* 

lb le>' to "'' H»• U» 
lO to 6 15 10211 1587• 2308 

10 to 6 90 1011 uu• 2139 

12 to 6 20 9H• 1650' 2415 
12 to 6 45 898 1500" 2436 
12 to 6 90 921 1587* '303 

... ,..us cuts for wtitch complete prof11H "'" obta1ned. 

TABLE3 
ldentHlcatlon of Round-to-Round WYN Teated 

'°"' D1amettr Dfamettr D1~~;f:,nce V Branch ... of ·Kafn of Branch 
V Hain (inches) (1nches) (degrees) .. 

011 012 Oil on Oil 013 

" 10 ~ 90 982 952 ,if Uill 110·•· 1590 -m 'Im ~ lTI1 ~ 

12 12 90 m m 922 1618* )610. 158-0' 
-m mr mr ~ TITT mr 

" 16 90 909 882 916 1592 15!1'1. 157Z -m Im m'!' -m Tm nu 

" 10 30 908 m 900 1621 1610• IUl -m ml 'fflJ ~ mr lm 
15 IZ JO 

.., 912 928 ]604. 1620• 1621• 
-w 'Im ml ~ '!ID mT 

16 16 30 m 942 905 1612 1629* 1605 
""§D' ml 'fflB' -nr mn- nn 

•Dts19n1tes cues for wh1ch complete profiles M!tt obtained , 

TABLE4 

--afE-
COllCAI. DIFFllSEl (-): COOE DCll 

lEFEIEIU FITTlllC 4-1, p. JJ, 11, 1!115 AS11ME FllllWIUTALS 

llt:FUElll% FITTlllll S-1, ,. JJ.:19, _HIS ASltlAE fUllWEITALS 

Dll on D!I 
2281 2305 2280 --m mJ 1m 
2257 2279 2295 MIR "'lJf 'Im mr 
2267 2284 2308 

-h ·-~1---m nn m2' 
mi mJ 2m -ra m1 'ffll 
2285 2278 2297 
-m mw mf 
2329 2280 2305 -m- = mJ \... 

DIVElGlftG vn: (ROUllD): COOE Y 

ll[FElfllCt FlnlNG 6-1, p. 33.37, 1'81 ASHME FVllDMEl!TAl.S 

Identification of Tested Wyn with 45• El~tc>-8111nch Connection 

Inltne 
Codt lnltt Outlet Branch V Bnnch 

''· Diameter Diameter Dtanieter 
(tnches) {inches) (degrees) 'Kaffll -~-.. .,. . 

211 Oji op 
~· 

022 O!l O~I 012 OU 

DYi 10 945 981 931 1619 1589. 1586 2290 2261 2270 : ..... 
9Jlf ~ 'ffll -m nn nn ""ffl lrn' 'ffi1I' 

Ol2 IZ 921 920 947 1610 1 1617 1 1629 1 2318 2304 2300 I -w mr MT -m 1fff IDT "TI!' lm ~ 

OIJ 16 908 891 924 1622 1659 1 1623 1646 1728 181J :,~.·"~~~,-::.~~ 
9Jlf 'Im ml ~ lm ml' ""fl m! mf •rutta r1nl• ... u. , , 1. .. 0. 1•....,,, ~ 

• Oesl9n1tes cues for wh1ch COll'lphte profiles wre obt11ned. 
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TABLES 
Identification ol Teated Tees with a Rectangular Main and a &-Inch Diameter Branch 

Code Ha1n Width Branch Tap a V Branch •.. by Hefght Angle T,Ype - ---
(1nches) (degrees) ·v Hatn ... 

011 01> Oil !!ti D!Z 

Tl 8 x 7 JO 923 913 1618 1638* 
-m = 924 Tm' 

T2 12 x 10 30 904 898 899 1605• 1600• 
OB" rm "!ffi -m lm 

T3 18 x 10 30 939 923 908 1596 1598• 
OB" = ms- 9TI Im 

T4 8 x 7 90 912 910 1630 1596• 
9TI = -m = 

TS 12 x 10 90 
934 931 921 1591* 1577"' 

9ll Tm ;m ~ 1m 

T6 18 K 10 90 
954 953 957 1623 1584• 

9l1 = ml 9K Tm' 

T7 8 x 7 30 
910 929 1596 1602• 

9l1 = 9K = 
T8 12 x 10 30 942 934 914 1590"' 1584• 

9TI = IDll ~ m1 

T9 18 x 10 30 917 925 935 1588 1584* 
9K = 2m 94!' = 

TIO 8 x 7 90 910 934 1610 1600• 
9ll m§' 9K = 

Tl1 12 x 10 90 904 906 904 1579* 1583* 
OB" Tm' mr 9K me 

Tl2 18 x 10 90 899 899 912 1608 1599* 
on = mg- 9Il ID! 

*Oufgnates causes for whfch complete profiles were obtained. 
a (1) Butt (Round) Connection; (2) Confcal Connection 

TABLE& 
Centerline Velocity Data tor Elbowa 

c~; · Di~ :x~: · · i.iD · · · ;;gi; · · · · · · v;i~itY · R~tt~: · v~ · i · v;~;: · · · · 
(1n. rro.. (Doi;1., lD 2D 40 6D lOD 

iiDi · · · • · · · i · · · · · i ' · · · · ;o· · · o: ;2 · • · ~: ;; · • -o:;a · · · i:o; · · · i: ii· 
inD'l ' l i 1c o.n 0 .11 o.92 2.02 2.oe 
1!1Dl 6 J l "10 0,75 0 .79 0.94 l.Ol 1,10 
E2Dl ' c 1 ,a o.76 o .1e o.u 1.04 1.11 
1202 ' c l '-" o.Bl o .eo o.u 1.01 1.10 

=~~i : :· ~ :~ ~:~~ ~:~~ ~::: ~:~: ~:~~ 
EJD2 6 , l tD 0,75 () .Bl 0.98 1,07 1.12 
BlDJ • S l tO 0.76 Cl .Bl 0.96 1.06 1.11 

E4Dl '" •• o.n 0.75 0.92 1.01 1.08 
!4D2 ... f O 0.74 0,76 0.94 1.0.il 1.oe 
B4DJ ... •• o.79 0.11 0.94 l.OZ 1.08 
B!5D1 ... •• 0.11 0.79 0,95 1.03 1.07 
BSD2 , .. •• 0.76 0.79 0.96 1.0l 1.oe 
B!5Dl 1.5 •• 0.11 0.79 0.95 1.0] 1.oe 
E601 ... •• 0.69 0.79 0.96 1~03 1.oe 
EfiD2 1 .~ ;·o 0.68 o.eo O.tl 1.0!5 1.09 
EfiDl '·' .. 0.72 0.80 O.H 1.0!5 1.09 

£701 10 •• o. 7.9 o. 7f1 0."2 1,01 1.08 
£702 10 •• o.n o.n o.u. 1.02 1.09 
E70J 10 io 0.11 o. 7.9 0.91. 1.01 1.01 
EeOl 10 ,. (!,,, i.l,7t 'II·" 1.05 1.11 
£802 10 '° Q.14 O. ll o.u 1.04 1.10 
EBDl 10 •• ·0 .11 o.•°' o.~·S 1.04 1.10 
E9Dl ,. •o o ..... O.'JJ o.n 1.04 1.12 
?902 10 •• "·"' 0.11 o.u 1.05 1.11 
E9DJ 10 •• o.to 0.12 i:i.u 1.04 1.10 

iiOOi' iO.' .•... i:i' .. .. ;Q ••• o: 76 •.. o: 75 ... o:g; ... i:Oi ..• i:06. 
UCIDl 10 l.5 to o.77 0.77 0.94 1.01 1.01 
ZU1)J 10 l.S 90 0.82 0.77 0.93 1.00 1.07 
ZLlOL lO 1.S 90 0,64 O.BJ O.H 1.04 1.01 
E11D3 10 1., to O.H 0.81 0.98 1.04 1.08 
r:1101 20 1., ;to 0.10 o.n o.99 1.05 1.09 
r:1201 10 l .S to 0.12 o.e:z o.H 1.05 1.09 
r:1202 10 i.s 90 0.14 o.n o.98 l.os 1.08 
112DJ 10 l.~ 'tO 0.79 0.84 1.00 1.06 1.09 

ElJDl 11 
!ll02 l6 
ElJOJ 1' 
!1401 u 
!1402 1' 
EUDJ U 
21501 1t 
B15D2 U 
Bl!DJ if 

· ~ , :DO , 0.81 
fO 0.84 ,o 0.85 
10 0.15 
, 0 0.90 
to o.n '° 0.82 
t.o o.ae 
tO o.87 

0.77 
0.79 
0,79 
o.eo 
o.eo 
0.81 
o. n 
0.84 
0.82 

0.94 
0.94 
0.95 
0.95 
0.95 
0.95 
O.H 
0.96 
o.n 

0.96 
1.03 
1,0J 
l.OJ 
1.01 
l.OJ 
1.05 
1.04 
1.04 

1.09 
1.09 
1. 09 
1.09 
1.09 
1.09 
1.10 
1.10 
1.10 
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021 0)) Oll Dll 
1602 2272 2270 2280 
-raw 9K Im m; 
1592• 2262 2263 22!3 mr 9K Tm ~ 
1592 2284 2288 2'l17 
~ OH lm mf 
1608 2286 2279 2299 
IDll 9Il Tm" mB" 
1572• 2252 2253 2244 
mr 9Jl mr mw 
1612 2281 2277 2281 
~ 914 Tm m; 
1650 226§ 2281 2285 mr 9K mw mJ 
1588• 2269 2265 2259 
~ -m lm ~ 
1590 2303 2296 2295 
m; 9K = mr 
1651 2303 2311 2279 mr -m me "IB4 
1591* 2223 2214 2188 
mJ -,;; = ml 
1605 2286 2278 2278 
mr -,;; mr ml 

iat'AlllCIA.» .... 

-~-W'll...UJIJI --I 
"""._.. i~~~rt~-;- mm llf 

moua: flnlllC '-2', ,, U.4', 11H AS11W: ~ 

-~-o:ltl"""'ClllllCCTIOI 

...., .... 
I 

DHD&llllO TU, J:Et'TAMl.UI Mii TO D.wi 
Ullll'.Al TAP oo• USE SllOlll)i an: I 

IKJmta 11na1 t-n, • · u . u , ,_., &.JloUI. ~ 

( 

[\bl' 

uw. 
[l6LJ' 
[\ ~ L': 
[lJ[I , 

!PD 
EL Bl': 
[ltll' . 
UBL" 

U''l 
[19l' 

!\9Cl 
uori: 
nc:' 
r2or 
!11L' 
!~ lC. 
DlD 

1210· 
u1u. 
lllO 
ll9D: 

"" lHr 
IJOD 
IJO[' 
IJO~ 

tT. 
ll; 
Ill· 
U; 
l:l; 
11; .,. 
" " 
'" "' 
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TABLE& 
(:19nNr11na Velocity Date for Elbows (Continued) 

,, 

~-. ··;.;,·· ·;;o·· "M9i;· .... . V~i~sey·.;~ti~ : · v~·i ·v~~9: · · · · 
... D• • ' fti.9 . ) lD 2D 40 fiD lOD 

c~~:~: ..... ..... .... ... ... ...... ...... .. ... ........... . 
Sitii' :: ! t: ·:: :::i ~ : =~ :::~ i::~ !::~ 
.. .., • , i.a to o.91 o.ao 0.91 o.n i.o, 
a.o> !, , 1 , ,. po o. ao o.n o.t7 1.oJ i.01 
p70J i• , 1.s to o.ao o.aJ 0.17 1.oJ i.oe 
tJY~ ti ii 1.5" tO 0.11 0.82 O.H 1.02 1.08 
SJ ':~ 16 a i .5 to o.n o.a5 1.00 i.o4 1.09 
a • OJ u 5 l.IJ to 0 . 82 O.H O.H 1 . 06 1.09 :::.m l 6 ~ 1 . S JO o . 14 O. U 1 . 0 0 1 . 0 5 1.09 

c;;oi ··•· · · ;· ·· · · i "' · · · ;; ·· · i:ii · · · ;,:;; · · · o:;;· · · o:;.e · ·· i:o;; · 
SitD1 : ~ ~ : ; ~:~~ :::: :::! ~::: ~:~~ 
~:: : : ~ :: ~ : ~~ :::= :::! ~ : =~ ~ : ~~ 
::::,- 6 4 1 4 5 1.24 o . 90 o . sio o . 97 1 . os 

: :: : : ~ :: ~ : ~: ~::: : : :~ :::: ~ : :~ 
irnu) f ' 1 ' ' i.2J o.9o o.sn o.9a i.o5 
;;;;,; · .,. · • j · • • i:; · · · · · .&; · · · i :i.; · · ·o: ii · · · o:;e · · · o:g.; · · · i: 06 · 
l:J_JDl 4 l 1.5 4 , 1.17 O.H 0 , 91 O, H 1 . 06 
I JJO) f l 1.5 45 • 1.20 o . t2 0 , 91 0 . 98 l.. 06 
l'lJtt1 ' 4 1.e 4 !1 1.21 a . al o . H o . n 1.01 
ll1.D1 6 4 1.5 45 l..21 0.85 O, tl 0,99 1,06 
ll)OJ • 4 1.5 415 1.22 o.ae O. H 0.97 1,05 
DUH ' 5 1.5 45 1.21 0.16 a.to O.H 1 . 06 
ll 40l ' s 1.5 o 1 . 22 o.n 0 . 92 i.oo 1 .07 
D40) I 5 1.5 U 1.23 0.92 0 , 92 O.H 1,06 

DiDi. iO .. . j ..• .. i .. ... 4; ·.·. i:it .. ·o:i4 •.• o: i6 ... o:;; •.• i:Oi . 
tUDl llD 3 1 4 ' 1.21 0.87 O,H 0.96 1.04 
~H, 10 3 1 o 1.24 o.92 0.10 o.97 l.os 
lltOl lO 4 1 4 5 1 . 22 o.aa 0 , 87 o . 96 1.05 
~tDl 10 4 1 4 5 1 . 24 0 . 91 0 , 89 0. 96 1.05 
I HO) 10 4 1 45 1. 2!1 0 ,95 o.n 0 . 98 1 . 05 
l:'J'JDI 10 5 1 4, 1.20 0.84 0 , 86 0,95 1 . 03 
U'Ol' 10 !5 1 U 1.22 0.87 0 . 87 0.97 J,O!li 
117DJ iO 5 1 4!i 1.24 0.90 0 , 90 0.97 1.Cl5 

CHDI 10 1.5 45 1 . 20 0 . 90 a. a., 0 .96 l.GS 
l.UD1 10 1 . 5 •• 1 . 21 o.tJ 0 , 17 0.97 ),.05 
lltDJ 10 1.5 .. 1 . 2 2 o.ts O. H 0 . 97 1.06 
D'DI 10 1.5 .. 1 . 19 0.88 0 . 15 0 . 97 1 . 06 
tl.'llD) 10 1.5 .. 1.21 0,92 0 . 11 0.98 1.05 
C29.Dl J,O 1.5 •• 1.22 0.95 a.to 0.99 1.06 
U ODI 10 l.5 "' 1 . 19 o.87 0 . 87 0.97 1.06 
t>ODl 10 1.5 •• 1 . 19 0.91 0, 87 0.97 1 . os 
t.;JOO> 10 1.5 "' 1. 2 1 0 . 93 0 . 86 0 . 9 £ 1 . 03 

TABLE& 
Centerline Velocity Data for Elbows (Concluded) 

~~; . Di~:;.~: .. RiD'. '>.:.9i~· ..... ;~i~itY. i.;ti~:. ~-i. Vi.;9: ... . 
(in. Pc5. roe, . ) lO JI) 40 'D l OD 

E;iOi . i6 . .• ; . ... . i.' .. '45 .•. i:i2 ... o:;.; ... o: 89 .•. 0:96 .. -i:iH · 
EllD2 16 ;) l ·~ 1. 22 0,98 0 . 91 0.97 l.Oit. 
EJ1D3 16 ) 1 0 1 . 2 3 1.00 0 . 90 0,95 1·. 0" 
~J2Dl 16 1 1 4!- 1.24 0.51 5 0 . 90 0.96 1.05 
?>2D2 16 1 4$ 1,24 1 , 00 0 , 91 0.97 1.04 
£l2DJ 16 I 45 1 . 25 1 . 02 0.93 0.97 1.05 
£3301 16 1 45 1. 22 0.96 0 ,90 0.96 1.06 
EJJD2 16 1 45 1.24 0,98 0 .90 0.96 1.04 
[lJDJ 16 l .. ~ l.:!5 1,01 O. tl 0.98 1.05 

i)4Di . i6' • ' ; . •• i : 5 .•••. .&S . . . i: ii ... i :Oi .. • O: 88 ... o: 96 . .• i: OS. 
EJ4D2 16 ) 1 . 5 45 1...20 1 . 05 0.88 0.95 1.06 
El4DJ 16 ) 1. 5 45 1 . 20 1.05 0 . 88 0.95 1.0J 
El501 16 1 . 5 4! 1.20 0.99 0,87 ().98 1.06 
El502 16 1.5 0 1 , 20 1,04 0.88 0.96 1.05 
EJ5D3 16 1.5 ' ' 1.20 1.011 o . ee o.97 1.os 
EJ601 16 1.5 4S 1,19 1 . 00 0.1117 0.96 1.05 
El6D2 16 1 . 5 0 1.20 1.04 0.88 0.96 1.05 
£l6DJ 16 1. 5 45 1 . 2 0 1.07 0.88 0.96 1.05 



TABLE7 
Centerline Velocity Data for Round-to-Round Contractions 
.......... ... ............. .... ... .. ... ... .. ...... .... ... 

Inlet Dia. 
to Velocit y Rat i o , Ve / Vavg 

Code Outlet Di Angle ... ... ....... .... ... .. .... ..... .. 
(in.) (Deg.) lD 20 4D 60 10D .... ... .. ........... .... .... .. .. ..... .. .. ...... ... ..... .. 

CDlDl 10 TO 6 20 1.08 1.09 1 . 10 1 . 13 1.15 
C01D2 10 TO 6 20 1.10 1.10 1. 1 2 1.U l.17 
CD1D3 10 TO 6 20 1.10 1.11 1 . 12 1.14 l.17 
CD1D4 10 TO 6 20 1.13 1.14 .+.16 1.18 1.20 

···· ·· ·········· ··········· ··· ·· ···· ······· ········ ······ CD2Dl 10 TO 6 45 1 . 12 1.13 1 , 14 l.15 1.21 
CD2D2 10 TO 6 45 1.n 1.11 1 . 14 1.16 1 . 18 
CD2D3 10 TO 6 45 1.11 1 . LJ 1 . 14 1.16 1 . 19 
CD2D4 10 TO 6 45 1.14 2.u 1 , 16 l.17 1.19 .. ..... ............. ... .... ..... ..... ...... ..... ...... .... 
CD3Dl 10 TO 6 90 l.17 1.16 1,18 1.20 1.21 
CD3D2 1 0 TO 6 90 1 . 16 1.16 1.17 1 . 18 1.20 
CD3D3 10 TO ' 90 1 . 17 1.17 1 . 18 1.20 1.21 
COJ04 10 TO 6 90 1.20 1.20 1.21 1.22 l.2J .. ... ..... .. ....... .... ... ...... ....... .. ..... ....... ... ... 
CD4Dl 12 TO ' 2 0 1.06 1.08 1.08 1.11 1.15 
CD4D2 12 TO 6 20 1. 07 1. 08 1.11 1.13 1.16 
CD4D3 12 TO 6 20 1,07 1.09 1 . 10 1.12 1 . 14 
CD4D4 1 2 TO 6 20 l.08 1.09 1 . 11 1.12 1.15 ...... .. ........ ......... .... ... .. ......... .. ...... ...... 
CD5Dl 12 TO 6 0 1.11 1.11 1 . 13 1.15 1.19 
CD5D2 12 TO 6 45 1, 09 1.10 1.12 l.15 l . 17 
CD5D3 12 TO 6 45 1.09 1.10 1 . 12 1.14 1 . 16 
CD5D4 12 TO 6 45 1.10 1.10 1 . 11 l. lJ 1.15 ...... ...... .. .... ....... .... ... .... ........... .... ...... 
CD6Dl 1~ TO 6 90 1 . 15 1.15 1.17 1 . 2 1.2 
CD6D2 1 2 TO 6 90 1.16 1.15 l.17 1 . 19 1.21 
CD6DJ l.2 TO ' 90 1 .16 1.16 1 . 17 1.19 1.20 
CD6D4 l2 TO 6 90 1.17 1.16 1.17 1.19 1.19 ..... ...... .... .. .. ... .. .... .......... ..... .... .. ........ 

TABLES 
Centerline Velocity Data for Round-to-Round Diffusers 

Inlet Dia . 
to Velocity Rat i o, Ve / vavg 

Code Outlet Di Angla 10 20 40 - 60 100 
(in.) ( Dag . ) 

DCDlDl 6 TO 10 
DCD1D2 6 TO 10 
DCD1D3 6 TO 10 
DCD1D4 6 TO 10 

DCD2Dl 
DCD2D2 
DCD203 
DCD2D4 

DCD3Dl 
DCD3D2 
OCD3D3 
DCD3D4 

6 TO 10 
6 TO 10 
6 TO 10 
6 TO 10 

6 TO 10 
6 TO 10 
6 TO 10 
6 TO 10 

DCD4Dl 6 TO 12 
DCD4 D2 6 TO 12 
DCD4D3 6 TO 12 
DCD4D4 6 TO 12 

DCD5Dl 6 TO 12 
DCD5D2 6 TO 12 
DCD5D3 6 TO 12 
DCD5D4 6 TO 12 

20 2 ; 27 
20 2. 26 
20 2. 36 
20 2,40 

45 
45 
45 
45 

90 
90 
90 
90 

20 
20 
20 
20 

2.59 
2,59 
2 .55 
2.81 

3 . 46 
3 , 42 
3 .35 
3,46 

2.79 
2.86 
2.81 
2. 83 

45 2 . 36 
45 2. 25 
45 2.41 
45 2. 53 

1. 86 
l. 86 
2.eo 
1.83 

1 . 65 
1.65 
1. 63 
l. 74 

2.82 
2. 75 
2. 76 
2.87 

l , 32 
1.26 
1.28 
1.28 

1 . 09 
1 , 11 
1.11 
1.19 

1,43 
1.43 
1, 39 
1.42 

1.19 
1,20 
1.21 
l.l3 

1.07 
l.14 
l.15 
1 .02 

1.19 
1.13 
~.14 
1.17 

1 . 05 
2.08 
1 . 08 
2.11 

1.13 
1 . 13 
1 . 11 
1.15 

1.08 
1.07 
1. 08 
o. 96 

1.09 
1.09 
1.11 
1 . 02 

1 . 15 
1 . 12 
1.11 
1.13 

1 . 07 
1.09 
l . 09 
1.14 

1.12 
1 . 09 
l , 09 
1 . 11 

1.08 
1.06 
l . 09 
1 . 00 

1 . 08 
1. 09 
1. 10 
2. 02 ...... .. ........ ... ..... ...... ........ .. ... ............. . 

DCD5Dl 6 TO 12 90 4 ,8? J. 2 8 1,26 1 , 02 1.00 
DCD6D2 6 TO 12 90 4. 81 J . 2 9 l,33 1 . 10 1.08 
DCD6D3 6 TO 12 90 4. 0$ 3.2) 1 . 33 1 .09 1 , 09 
DCD6D4 6 TO 12 90 4 , 9 J 3. 41 1.29 0. 97 1 . 0 l 
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TABLE9 
Velocity Data for Round Diverging Junctions 

•••0it.jL. ~i~;;·:::: : ~;;~;;~ :;;;;;; : ~;:~ :~;~;: ::: 
~- 1 O•·l (Oog .) 10 20 40 60 100 

.! .. i0·· · · · · ;· · · · · ;o · · · o:;s· ·· o: '' · · · i:o• · · · i:i2 · · · i:i2 
~t 10 6 so 0.71 0.78 1.03 1.11 1.12 
~~ 10 • •o o.n a.es l.o4 1.10 i.12 
~ JO 6 90 0."26 0.54 1.08 1.12 l . 08 
~ 10 6 90 0.60 0.67 1.01 1.07 1.06 == ~~ : =~ g:~i ~:~: ~:~: ~:i; i:g: 
~ 10 • 90 0.20 •·•• l.oe 1.17 i.1s 
~ 10 6 90 0.48 0.70 1.05 1.13 1.12 

~ ... ··ii·· · ·· ·;· · ··· •o · · · 0:2• · · · ;,:;,; .. · i:;,i · · · i :;,; · ·· i:ii& 
_ _ l 

12 
6 sio o.ao o.?4 i.oo i.01 i.09 

~ J2 6 90 1.02 Q,82 1.01 J, 08 1.11 
;;ii 12 6 90 0.18 Q. ]5 1.07 1.10 1.07 , -J 12 ' 90 0."32 0.61 1.03 1.11 1.10 
'flCll) 12 6 'P O 0.63 0.69 1.01 1.10 1.11 

y#l 12 : :~ ~:~~ ~:!! ~::: t~: i:~! 
=~ g 6 90 0.38 0.65 1.00 1.10 1.10 

TMii. ·· · · i6 · · · · · · ' · · · · · ;o ·· · 0:61···0:12 · · · i:oa · · · i:ii · · · i:ii 
TJOU i! : :: ~:~~ g:~~ ~::: i:~: i:~~ 
YJDl~ 16 6 90 0.18 0.47 1-11 1.18 . 1.18 
nm2 l6 6 Po o.43 o.59 l.oo 1.11 1.09 
7'DIJ 16 6 90 1..10 0.65 O.H 1 . 07_ 1.08 
f)OJJ 16 ' 90 0.18 0.32 1.10 1.24 1.14 
~~2 16 ' 90 D.13 0.!52 1.02 1.12 1.08 
no" 16 6 90 o.s6 o.63 1.02 1.10 1;01 

T&Dii ·· ... iO . .. .. . 6 .. ... iO ... i:26 .. . i:2; · .. i:i5 .. . i:ii .. . i:iO 
t.OU 10 6 30 1.22 1.11 1.1.l l..U 1.12 
JfOU 10 30 1.02 1.04 1..10 1.13 1.12 
,,. 021 lO 30 1.23 i.22 1.2s i.24 l . ll 
14DJ2 10 30 1.21 1.18 1.09 1.05 1.05 
UMl 10 30 1.22 1..15 1.09 1.0!5 1.05 
14an 10 30 1.21 1.39 1.42 1.23 1 . oe 
,,0 n 10 JO 1.u 1.13 l..13 1.13 i.1s 
1'fDJl 10 30 1.21 1.18 1.08 1.06 1 . 04 

i;Dii ·····ii······ & •• • • • ;o · ·· i:2c · · · i:i; ·· · i:iz · · · i:ii · · · i:i2 
UD12 12 6 3'0 1..09 l,;02 1.08 1.11. 1.10 
TS'Dn 1.2 6 30 0.94 0.'.98 : 1.08 1.11 1,11 
non 12 ' 30 1.31 1.29 1..31 1.21 1.13 
1'DU 12 6 30 1.18 1.14 1.08 1.06 1.07 
UDU 12 6 30 1,22 1.13 1 .. 10 1..10 l..11 
15Dll 12 6 30 1.52 1.52 1.44 1.20 1.08 
non i2 6 30 1.21 1.23 1.22 i.22 1.11 
nnlJ 12 ' 30 1.21 1.18 i.12 1.11 1.11 

fiDii ..... i6 .. .... 6 ..... iD ... i:2.; . . . i:i2 . .. i:iB . .. i:20 .. . i:zo 
'Y6Dl2 16 6 30 0.95 0.99 1.05 1.12 1.13 
'UDl> 16 6 30 0.8l 0.90 .l.06 1.11 1.12 
HD11 16 6 30 1.45 1.41 l.39 1.33 1 , 23 
YID~ 2 16 6 30 1.25 1.20 1.17 1..17 l.H 
HOll 16 6 30 1.08 1.02 1.08 1.12 1.13 
UDll Ui ~ 30 1 . 52 1.61 1.51 1.26 1.15 
HU)1 16 ' 30 1.2!'i 1.27 1.20 · i.20 1.18 
TIDll 16 6 30 1.21 1.111 1~14 1.12 1.10 

TABLE 10 
Centerline Velocity Data tor Round Diverging Wyes Having 

a 45° Elbow Tap Connection 
... . . ... Di~: .. Di;: ... Di~: ..... .. .. I •• • ••••••• •••• ••• • •••• • • • 

ot or lnUnt Vo.locit.y Ratio, Ve J vov9 
Code Hai ft 8.ranch Outlet • ••. ••• .••• ••••••• •• , • ••. • •. •. ..•. 

(in.) (In . ) (ln.) 10 20 40 &O 100 

DYiDii. · · · iO · · ·· · · 6 · ·· · · · ,. · · i:ii · · ·i:io· · · i:os· · · i :o; · · · i:o6 
DY1D12 1..0 6 6 1.16 1.13 1.04 l.Of 1.08 
DYlDll 10 6 ' 1.16 1.11 1.04 1.06 1.09 
DYlD21 10 6 6 1..22. 1.17 1.11 1.17 1.20 
DY1D22 10 6 6 1.1, 1.09 1.0"4 1.02 1 . 05 
DY102J 10 6 6 ). , 0, 1.08 0.99 0.98 1.01 
DYlDJl 10 6 f; 1.lf 1.08 1.19 1.29 1.U 
DY1Dl2 lC 6 115: 1.18 1.14 1.06 1.10 1.15 
DY1D33 10 6 6 l . 17 1.14 1.10 1.08 1.11 

DYiDii ····ii · · ··· ~ '······ & • • · i:i; · · · i:io · · · i:o; · · · i:oo · · · i:a6 
DY2012 U 6 6 l.U 1.15 1.04 l.Of l..07 
DY2Dll 1:2 6 ' 1.20 1.16 1.04 1.02 .l.0'1 
DY202l 12 6 f5 1.16 1.04 l.07 1.2' l.U 
DY2b22 1.2. 6 6 l.14 1.08 1.02 1.02 l.07 
D'U02J 12. 6 6 1 .11 l.OB 1.01 1.00 1.02 
DY2031 U 6 6 0.11 o.88 1.13 1.19 1 . 11 
DY2DJ2 1.2 6 6 l.U l.U 1.ll 1.17 1.14 
DY20JJ 12 6 6 0.11 1.13 1.06 1.05 l . 11 

DiiDii .. .. i6 .. .. . . 6 .......... i:i; ... i:ii ... i:O? ... i:o; .. . i :09 
DYlOU 16 6 1 .lt 1.11 1.01 1.00 1.03 
DYJD13 16 6 1.1'1 1.10 0.98 0.98 1.02 
DYlD21 16 6 1.20 1.11 1.08 l.20 1.28 
DYlD22 16 6 1.U 1.10 1.03 l.Ol 1.09 
DYJt>23 l& 6 1.15 1.08 1.00 i.02 1.05 
DY3D31 16 6 1.19 1.08 1.16 1.25 1.25 
DYlOlJ u: 6 1.16 1.09 1.01 1.03 1.10 
DY3033 16 6 6 1.15 l..09 1.02 1.02 1.05 

·· ····· ····· ···· ···· ·· ·· ···· ····· ······· ······· ····· ··· ····· · 
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TABLE 11 
Centerline Velocity Data !or Dlve19lng Junctions with 

Rectangular Main and Round Branches 
•••••• . . .• j,_~~~ : . .. ;.~~~;~ •••• •• . •• . •••••••• ... •••• •• ••• •• . ••• .• • 

Cod• Kdn t•lr;OOU T•P Y•Joeh.y Jt•tlo. Ye I V&\14) 

71: .~ ~:!~1 r:;;~ --· ;u··· ·;o· ·· ·;o· · ··.r.- .. iOD" 
TiDii ·•· ··; · x·;·· · · ·;~ · · · · ·stt·· · · i : it· · i : i~ · · i :oi · · o:;; · · 0:;1 · 
TlDll 8 X 7 JO tTft t.:z.; t.I• I.Of 1.05 1.0.l 
TlDll 8 X 7 JO ITR LU. 1.10 l. U lol"1 l.l.4 
TlD22 B X 7 JO STR 1 .11 1, U 1.0:!1 O.H 0.99 
TlD2l 8 X 1 JO STR l,l4 1.17 l.10 l.05 l.Ol 
TlDJl 8 x 7 JO STR 0.'1(i: i .os 1,Jl 1 . 31 1.10 
T1Dl2 BX 7 JO STR l , lf 1.07 LOO 1 0 02 l,Q, 
TlDll 8 x 1 JO STR 1.Jl 1.u 1.01 o.n o . u 

nan 
non 
T2Dll ,...,, 
·non 
T202J 
"UOll. 
1:3.DlJ 
T2Dll 

ii. X. ii> ... jO .•• •• iiTR •.•• i:ii .. i:ii .. i: i7 . 'i:ii .. i:i.4' 
12 x 10 Jo cni: 1.n 1.11 1.u 1.u i.12 
12 X 10 JO ~ft I.JI 1-07 l,Ot 1.H 1.12 
12 x 10 JO STR l . '1 1.0 loll 1.n 1.ot 
12 X lO JO STR 1...11 1 .l'l 1.l4i l ,1.$ 1.ll 
12 X lO JO STR l,11 l . 1' 1. U l,ll 1,15 
12 X lO JO STR l. f '» 1 ,75 1.ll J, . 1-4 1.08 
12 X 10 JO STR 1.;u l,J1 l . U 1-19 l . ll 
12 X 10 JO STR t . :U 1.lO \,l~ 1,,14 1.12 

TlDii .•• • iii . x. iO .... jQ • •••• sn· ... 1: ;.; · ' i: i; .. i: i4 .. i:i.• .• i:ii . 
T)Dl2 11 X 10 JO STR LU LOI l , 0 7 l . 11 1.12 
TJDlJ 18 X 10 JO STR 1 . Jf J.(1 4 1.01 1 . 11 1.10 
TlD21 18 X 10 JO STR l. 4.0 1.J. l..>1 i,,U 1.11 
Tl022 18 X 10 JO STR 1.n 1,.17 l,L7 l . U l.ll 
T)Dll 18 X 10 JO STR 1.H \ . 14 Loff 1.11 1.12 
TlOll 18 X 10 )0 STR 1. 41 1.:IJ 1.J:t 1.1' 1,05 
TlDll 18 X 10 JO STR 1 . lO l . ll 1 , J4 1 . 21 l,U 
TlDll 18 X 10 )0 STR 1.1, 1.Ui 1 , 1, 1. .15 l,12 

TABLE 11 
Cenlerllno Veloclty Data for Dlve19ln.g Junction• with 
Rectangular Main and Round Branches (Conl/nued) 

. . ;.;~~: ... a;.~;,c;. ...... ..... .. .. .. ....... ... .... ..... .. . 
code Ka.ln Takci~tf Tap Yelooltr tucJ.o, Ve I V•VCJ 

W x U anqh1 conn. • . .. . .. , •• • • • ••• •• • • , ••••••• , •• 
(ln. t t O.q.) 'l'ype to 7D •D •o lOD 

nDii · · · · · • · r; · · · ··;;;····co~ ···· i:oo ·· o:t; · · o:;; · · o:t; · · i:o;· 
T7Dl2 I 'lC 1 J.0 CON 1. ll 1.,0(l. O.H l 0 0 1 1.06 
1'7021 I X l lO COH 0 . 11 0 . 9 1 1 , 01 l.U 1.10 
T7Dl2 I :( 7 l O CON 1.<11 o.H· o.n O. tl l.OJ 
T7D2l IX 'J )0 CON J .ot l . Ol 0.1!1 0.99 1.05 
'l'l'DJl • 1C .., .lO CON o . t • 0.97 1.11 1°:ZO 1.09 
T7Dll I x ., )0 CON o.u o.n 0.91 l.04 1.09 
T7D33 • x' 1 )0 CON l.OJ o . H O, '>C o .99 1.04 

TiDii .•.. ii. X. iO . .• . ;o ... '. COK . .. . i.:ii .. i:09 .. i: o; ·. i:iO . . i:ii. 
TID12 U: X 10 JO CON t.10 1.10 1.09 l. OB 1 , 0 , 
TIOll lJ X 10 JO CON LU 1.09 1. 09 1. 1 0 1.,H 
TIDll U X 10 JO CON l ,1' 1.24 1 . 26 l. . :zJ l,U 
TID22 l'l X 10 JO CON 1 .12 1.10 l.07 l.08 l.Ot 
TIDll u x 10 JO CON 1.0, 1.09 l. 08 1.08 z.o• 
TI Dll 1:1 X 10 JO CON \,40 l.H 1 .ll l.16 1.0I 
TIDl2 1J X 10 JO CON l.U 1.ll 1 . 14 1.17 l.U 
TIDll n lC 10 30 CON 1.1.l 1.08 1 . 07 l.07 \ , 01 

.r;oii • · · · i.i · i' iO • · · · ;o · • · · • coN • ·• ·i:oe · • i:os • · i: Oi · · i :O j · · i:o; · 
T9Dll 11 X 10 JO CON 1.09 1.09 1 . 09 1. 0 9 1.05 
T9Dl3 11 'X 10 JO CON 1.11 1.11 1.11 1.11 1 . 07 
TtDZl ll X 10 JO CON 1.15 1.11 1 .1!5 1 . 18 1.ll 
T9D22 II X 10 JO CON 1.09 1.0!5 1. 04 1 , 0 5 1,01 
T9D2l 11 X 10 JO CON l.09 1.09 1.08 J.,O'J l.OS 
T9DJl U X 10 JO CON l ,J2 1.15 l . Jl 1.U 1.0.S 
'HD12 11 X 10 JO CON l .GI 1. 07 l.09 1.12 l. ll 
T9DJJ U. .X: 10 lO CON 1 ,07 l.O:Z 1, 02 1 . 0) l.06 

TABLE 11 
Centerllne Veloclty Data for Dlve'll lng Junctions wllh 
Rectangular Main and Round Branches (Conr/nued) 

· · · ····· · ·R;~~: ·· ·n;;~;. · · ······· · ···· ·· · ··· · ·· ······ ·········· 

Cod • Ma.in 1"•kHC t "t•P Velocity Ratio, Ve / Vavq 

7,; . ~ (~~l ~~ " iO"'"i0''"4D' . .. ,D .. . iOO .. 
TiODii •.. ·;. ~ · ; •••.• 90 .. . .. . CON . .•• o:;.; .. o: 10. ·o:96 .. i:o; '" i:~; · 

1'10012 8 X 7 90 CON 0, ')j 0 .1 , 0.97 1 .04 ~ .Ci 
TlOD21 e x 7 90 CON 0.2, o .:5 4 0.99 l.09 · ·~' 
Tl0Dl2 ax 7 90 CON 0.)1 o.n 0.96 l.05 l.CI 
1'10023 BX J 90 CON 0 .70 D, 17 0 .96 l.OJ \ . OJ 
TlODll e X 7 90 CON 0,1,U Q.J'» 0.91 l.ll I.¢. 
Tt.ODJ2 a x 1 90 cotf 0 . 1• o. n o. n i.01 i .~ 1 
TlODlJ ex.., 90 CON o .~. Q,1 4 0.98 l.06 \. 

TiiDii . •• i2. x. iO .... 90 .•• .. CON . •.. e:;; .. o: ;; .. a:;; .. i'.00. · l:.c;· 
T11012 12 X 10 90 CON O,Bl O,ID 0.92 0 .99 l.OJ 
TllDll 12 X 10 90 C:ON 0.95 O.•S 0.9115 l.Ol l.Qi 
TllD?l 12 x lO 90 CON 0.48 o . 1'<11 0.98 1.ot l . 'llt 
TllD22 12 X lO 90 COH O.H O.)fl 0.93 1.01 1.0t 
TllD2J 12 x 10 90 CON o.el (1.17 0.91 0.11 i.ot 
TllDJl 12 x 10 90 COH 0.22 o.n 1.06 LU 1.0J 
TllDJ2 12 X 10 90 CON 0.61 0.7:1: 0.97 l .Oi l,f.1 
TllDJJ 12 x 10 CON O. H o . 1s 0 . 9J 1 .0-i l .H 

TiiDii .. . ii . x· io · · .. 90' ' .. . CON .• . . 0:94 .• o:a;'. 0:9;· . i:Gi"'i:;,;· 
T12012 18 x 10 90 CON 0.99 a.BJ o.91 o. n l.O" 
T12Dll 18 x 10 90 CON l.OS 0 . 89 o.91 LOO Lia 
Tl2Dll 18 X 10 90 COH l. lJ 1.12 1 . 10 l. Ii 1.lt 
Tl2022 18 X 10 90 CON 0.94 0.85 0.91 l..Q,\ 1. . 0. 
TUD23 18 X 10 90 COH 0.96 0.86 0.92 0.,. 1.04 
Tl2D31 18 x: 10 90 CON 1.56 l.J8 1.35 \.:u i .or 
Tl2DJ2 18 X 10 90 COH l.07 1.00 1.0' l,(); 1.0 
T12DJ3 18 X 10 90 CON 0.96 0,90 0.9!5 \ .0-t 1,i;t 

TABLE 11 
Cenlerllne Veloctty Data for Dlvo19lng JunoUona with 
Rectangular Main and Round Branches (Concluded) 

. ... .. . .... -~~~: ... it~~;. .... ... ... .......... ... . ... ... .. ...... . 
COda Kahl Takeoff' Tap Veloc Lty Ratl.o, Ve ./ V•vt 

~.: . ~ (~!~, c~~~~ "'i0 .... i0""~0" .. ;0· · ·;;,i..­
T4Dii .. ...•. i ·.; ... ··;o .... . STR .. ' . 0:4; . - ~:4; •. o:g; .. i:o;· ·l:M' 
T4012 I X '1 t o STR 1.09 0.6J 0.94 l ,f$ t .ot 
T4D21 I X 1 ,0 STR 0.18 0 . 2J 0.88 1, 07 l . OI 
T•D22 IX 1 t O STR 0.19 O. JS 0.91 LOJ 1.tl 
T4D2J • JC l •o STR 0.81 o.57 0.97 t.o• l -~ 
T4DJ1 I X '1 tO STR 0.18 0.26 0,8J t.Ot t . t f 
T4D32 ~ X 7 H STR 0.11 0.29 Q.9J 1.0i 1.4' 
T4Dll • x.., tO STR O.J4 0 , 36 o.94 1.os 1.0t 
T5Dii .. .. u. i. iO ... . 90 .. •• . STR .. ... o:4j .. 0:;2·· 0:90 .. i:o;··i:tt• 
T5Dll 12 X lO JO STR 1.02 0.56 0 .90 LO) l.tl 
TSDlJ u I: 10 ,0 STR 1.ll o.n o.89 i.o: i.•1 

TS:D:zt l1 ~so to STR 0.18 0.24 o.98 1 .0, 1. •J 
T!5D22 lt X 10 '10 STR 0.59 0.44 0,91 l,01' J,tl 

;~g~~ :~ ~ :: ;: ~~= ~:~: ~:1i g::! !~~~ t: 
T!5Dl2 1'2: x lO ;o STR 0.25 0.21 o.tl 1..10 1-:: 
TSDll U JI: 1(1 'O STR 0.60 0,45 0 .9 J l,Ot l. ..t 

T5Dii .... ii ·x · iO ·· · · ;o · .. ··au·· .. o: ii .. o:~; .. o:;; · · i:ii · ·i:i.t 
T6Dl2 11 .I •O 90 S'tt 1. H o. u o.O l , GI J ... 

;:~i~ ~: ~ :: : ~ :: ~ : ~: : : ~: :::: !:~~ ::: 
;:~~~ !: = !~ :: ~ ~: ~! :::: :::·: !::! ::: 1 

TtiDll If J: 10 H nJl 0.1& O.Jl l.10 1 . U . . .. 
T6DJ2 11 )I • .• 'ilO sra o.n O.l:) 1.04 1 . U ... .. 

~, .... ::If ... ~ ..... -. .... '.:~ .. '.::: .. ::'.'. .. '.:~.-~! 

~ 

: 



TABLE 12 
Ratio of Average Velocity from Pltot lhlVerse to Average 

Veloclty from Independently Measured Flow Rate 
(Selected Elbow Cases) 

,n.~;;~;;·T~~;~~;;··· · · ·· Fitti~9 · T;;t·c~d~.N~;~·· · ·· 
PO•ition Plane • ...• ..• • .• • .. • .. • ••... • .. •• ...• • • . 

E1D2 E1302 ·- E1902 EJ1D2 

· · ·i.;· · · ·· ···v···· ··· i:ii& · · ·· i:i;& · · · ·i:i;;~ · ···i:ic>i 
H 0.964 0.929 0.845 0.849 

· · ·2.;· · · · · · · ·v· · · · ·· · i:c>&2 · · · · i:a&6. : · ·i:ioo· · · · i:c>as 
H 1.017 1.006 .0.970 0.944 

· · · ~ .; · ·· ··· · ·v ·· ···· · i:c>;;;····i:c>;;;····i:c>;;&··· · i:c>~s 
H 1.043 · 1.021 1.013 0.988 

···;;.; · ··· · ···v · ······i:c>;;· · ··i:c>;;; · ···i:c>;;i · · · ·i:c>~c> 
H 1.043 1.009 1.026 0.974 .. ..... ... ... .... .. ... .... ... ... ... ... ..... ......... . 

100 

5-PIECE 

v 
H 

1.048 
1.033 

0.971 
1.026 

4-PIECE 

ELBOWS: CODE E 

1.049 
1.021 

1.015 
1.001 

3-PIECE 

REFERENCE FITTIN& 3-Z, p. 33.33, 1985 ASHRAE FUNDAMENTALS 

TABLE 14 
Ratio of Average Veloclty from Pltot lhMtrae to Average 

Veloclty from Independently Measured Flow Rate 
(Selected Y and DY CUes) 

~~;;~;; · T~~;;~;~· ·· ····Fitti~9·T;;t·c;.d;·N~~· ··· · · 
Position Plan• •. • ••••••.• •• •.••••• •• •••••• • •• •• ••• 

Y's DY's 
YlD22 Y4D22 DY1D22 DY3D22 -

(90 Deq.)(30 Deq.) 
••••••••••••••••••••••••••••••••••••••••••••••••• J •••• 

lD " v 
H 

1.447 
0.888 

1.137 . 1.126 
0.929 0.946 

1.187 
0.980 

......... . ................. . ...... ill ............ ... . .. . . . 

20 v 1.226 1.130 1.075 1.154 
H 0.890 0.970 0.937 1.028 ... ....... ... ...... .. ....................... .. ...... .. 

40 v 1.075 1.120 1.043 1.117 
H 1.003 0.997 0.989 1.048 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

60 v 1.023 1.105 1.036 1.104 
H 1.002 1.018 1.003 1.058 

· ··ic>.;· ·· ·· · ·v···· · ··~:;;; · ···i:c>;i····i:c>2;····i:c>;i· 
H 0.979 1.036 0.998 1.049 ........... ... ... .. ....... ...... ...... ....... ......... 
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TABLE 13 
Ratio of Average Veloclty from Pltot li"averse to Average 

Velocity from Independently Measured Flow Rate 
(Selected Contraction and Diffuser Cases) 

Traverse Traverse 
Position Plana 

Pitting Test Code Number 

lD 

20 

40 

60 

lOD 

v 
H 

v 
H 

v 
H 

v 
H 

v 
H 

Oi!!ueere Contractions 
DCD402 DCD6D2 CD4D2 C06D2 

1.232 
1.158 

1.184 
1.146 

1.052 
1.079 

1.021 
1.029 

1.003 
l.005 

1.300 
1.406 

1.217 
1.277 

1.102 
1.115 

1.ou 
1.053 

1.012 
1.009 

1.029 
1.013 

1.029 
1.015 

1.033 
1.021 

1.038 
1.020 

l.034 
1.009 

1.011 
1.021 

1.022 
1.018 

1.036 
1.024 

1.046 
l.029 

1.042 
l.019 

-~- --aff]-

TABLE 15 
Average Velocity Ratios on the Basis of Equal Area 

(Selected Tee Caees) 
......... ............ ... ..... .. ............. ..... ... .. 
Traversa Traver•• Pitting Teat Cod• Number 

.. 

Po•tion Plane •••••••••••••••••••• • ~ • • • •••••••••• • 
Strai9ht Tap 

Tl022 . Tl022 T4D22 T6D22 . .................................................... . 
v 
H 

1.088 
0.902 

1.062 
0.9U 

1.149 
0.877 

1.258 
0.951 . .................................................... . 

2D 

'O 

100 

v 
H 

v 
H 

v 
H 

v 
H 

1.077 
0.921 

1.056 
0.939 

1.037 
0.953 

1.015 
0.971 

1.068 
0.934 

1.126 
0.853 

1.064 1.045 
0.918 ···0.993 

1.051 
1.002 

1.004 
1 . 015 

1.003 
0.990 

O.t12 
0.976 

1.204 
0.847 

1.025 
1.055 

0.986 
1.039 

O.t?l 
0.982 . ............................ .. ....... ........... .... . 
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Figure 2 Centerline velocity data for elbcms (a) go0
; (b) 45° 
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Figure 3 Centerline vetocity data for contractions and and diffusers 
(a) all contractions (CDs); (b) 20° diffuser (DCD1 and DCD4); 
(c) 45° diffuser (DCD2 and DCD5); (d) goo diffuser (DCD3 and DCDB) 
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Figure 4 Centerline velocity data for round-to-round junctions (a) go 0
; (b) 30°; (c) all DY's 
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Figure 5 Centerline velocity data for rectangular-to-round junctions 
(a) 30° butt tap; (b) 90° butt tap; (c) 30° conical tap; (d) 90° conical tap 
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Figure 7 Depiction of profile evolution for test case CD3D2 
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Figure 9 Depiction of profile evolution for test case Y1D22 
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Figure 10 Depiction of profile evolution for test case DY1p22 
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Figure 11 Depiction of profile evolution for test case T1D22 
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Figure 12 Depiction of profile "evolution for test case E6D22 with extended downstream measuring stations 
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