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INTRODIZTICN

It is now generally accepted by those who realize
the friction effect of metal duct work toward air flow
that any change imparted to the air stream will in some
way disturb the flow characteristics of the stream. In
order to determine scue of these disturbances this oro-
ject wa~ undertaken under the auspices of the American
Society of Heating and Ventilating Engineers to deter-
mine the fricticn effect of take-offs in an air
delivery system,

This paper inyolves a small portiocn of tzke-offs
to be tested. Though not representative of any particu-
lar installed system, the subsequent data offers
consicderable inforauaticn cn friction effect and air
separation. It is not within the scope of thecse tests
to go into the mechanics of flow, but the peper shall
endeavor to establish a method for determining ontimum

conditions for desizgn and installation.



QUIPLEXT

The assembled equipment, a sketch c¢f which is
jlluetrated in Fig. 1 is located in the balcony of
the Power Laboratory, Clds Hall of Engineerinz. It
is intact for furtaner testing of the remaining fittings
precented in Fiz. 2. This equipment consists of a
Clarage blower type W @ belt driven by a 9.5 horse-
power 440 volt motor. Air discharged by the blower
is forced through a straightener grid prior to its
passage to the measuring nczzle. The nozzle, a 6
inch A. S. l. E. standard lcnz radius nozzle is
equipped with a static tap and pitoﬁ tube as oﬁtlined
in the A. S. 4. E. Power Test Codes, 1240 Chapter 4.

It allows measurements with sufficient accuracy. Mano-
meters employed for measuring the velocity pressure at
this nozzle renge from 8 inches to % inch 2nd are shown
in Fig. 8. ' With the above arrangement this system is
capable of delivering up tc 180C cubic feect of air per
minute.

To be certain that the measured‘air is passing
through the orifice plate loczted in the reduced straight
and take-off, all seams and joints in the duct have been
gsolder sealed. With the system closed off, i. e. in-

serting blanxs in the reduced strzizght and take-off,
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the measured velocity pressure at the nozzle is .002
inches of HgO.

In conjunction with the assembled equipment orifice
plates have been cut from 20 gauge galvanized sheet
metal to sporoximately 25, 50, 75 and 100 feet of
equivalent round duct corresponding to the rectangular

duct into waich these orifice plates are inserted.
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CRIFICE PLATZ ARRANGELENT

In the take-off and reduced straight, at some
position slightly in excess of 10 diameters from the
jncreaser type fitting, tracks have been installed.
These tracks make a very convenient method of exchanging
orifice plates to vary the resistance of either straight
or tzke-off. The duct into which these tracks are in-
serted is itself slotted on one side. Orifice plates
inserted into duct slots are guided in testing positicn

by the aforementioned tracks.
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Fig, 3
Orifice plates for insertion into 3" X 8" Duct.,

29' of 5.2" round

7" x 3" -

e x 11" = 78' of 5.2" round
8&" x 1&" = 138! of 5.2" round
g% x 1" = 266" of 5.2" round
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Fig., 4
Orifice plates for insertion into 18" X 8" Duct.
165" X 64" = 33' of 13" round
6 "

16 * X = 51! of 13" round
155" X 51" = 82! of 13" round

Fig. 5
Orifice plates for insertion into 18" X 8" Duct.

15" X 5" = 148" of 13" round
14" X 4" = 285' of 13' round



LEASURING STATIOKS

There are two measuring stations for the system.
Station 1 being emxployed to measure the air cdelivery to
the system and Station 2 employed to mezsure the static
pressures created as a result of the orifice plate in-
sertions. Tuese measuring stations are shown in fizures
8 and 9 respectively. Tune air delivery measuring station,
desiznated as Station 1 has already been discussed under
section titled Equipment. It accomwodates the Pz and P2
readinzs. Pz refers to the total pressure or impact
pressure measured with a pitot tubs while Pg refers to
static pressure in the nozzle at the plane cf the pitot
tube.

The static taps P4, P5 and PG wnich are included in
measuring station 2 are located in the main, reduced
straizght and take-cff respectively. Position of Py is
directly before the increaser tyne fitting, Pg end Pg
are located at aporoximately 10 equivzlent diameters of
their respective ducts and on tine up stream side of the
orifice plates. anoieters ranging from 3 iaches to
1 inch are adequate for static pressure measurements at

this station.



ORIFICEZ PLATZ CALIBRATIOJNS

In order to determine the air distributicn of the
system, it was first necesssry to ceslibrate the orifice
nleates., hese orifice oplates of which there are nine
are showvn in Fizs. 3, 4 and 5. Each orifice ies identi-
fied according to size and aporoximate equivalent length
of anoropriate round.

Calibrations were made azainst the & inch standard
nozzle and apvear graphically in Figs. 6 and 7. The
calibration is accomnlished by allowingz the measured
air to pass through one orifice plate and measuring the
static pressure in this line. This measurement recuires
that either the reduced straight or take-off be sealed
Auring the calibration run.

It was necessary to make calibration runs in dunli-
cate since the system was reversed, i. e. (1) 18" X 8"
reduced straight and 3" X 8" take off and (2) 2" X 8"
reduced straight and 18" X 8" take off. It is interesting
to note that one set of calibration curves serves both
system set-ups since these curves fall withnin the limits

of experimental erroT.
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Fig. 8

Photogranh of measuring station 1 showing 8 and
1 inch manometers. The array of rubber tubing
shown is connected to the pitot tube (long pro-
jection from duct; and static tap (short pro-
jection from duct) of the standard nozzle. The
flange of the nozzle is visible as a ring around

the duct in right center of photograph. Station
accommnodates P, = P, measurement (velocity pressure)
to determine vdlume of air delivered to system.



Fig. 9

Photograph of measuring station 2 showing 3, 1
and 4 inch manometers. Rubber rubing shown
connected to static tap in main, reduced main
and take-off. Station accommodates P4, P5 and
Pg measurement (static pressures),




TEST PROCEIURE

Testinzg is performed to determine the resistance
created by the teke off and reductiocn of straizht in
the arrangement z8 illustrated in Figs. 10 and 11. Tﬂe
determination is assisted by varying tine resistence of
the tzke-off 2nd recuced straight throuzh the insertion
of the calivrated orifice plates. In 211, there are a
series of 20 deterzinations of interchznzirg orifice
nlates.

For known quantities of zir delivered to the systen,
measured at measuring station 1 as velocity pressure
(difference of total pressure and static pressure
desiznated P3 - P2) static pressure readings are tzken
at station 2. These static pressures, designated P4,
Ps and Pg have previously been descrived. Having
measured them, the quantities of air passing through
the orifice plates can be deterwmined from the orifice
calivbration curves and tiiese quantities used to cownute
the velocity »nrescures in tine plane of the static tans.
The total pressures are coanuted as the sum of the static
end velocity pressures and are designated TPy, TPy snd
TPge

The totzl pressure ceclculations are made from the



following eguations:

Q

4005 = Constant for standard air

1
4005 hZ?A where Q = volume of zir cu ft/min

A = Cross section of duct in ££2

h = Velocity pressure of air flowinz through duct

In the sbove equation h is the unknown which is
solved very conveniently by the nomograph in Fig., 12,

Then:

TP = SP ¢+ VP wnere:

TP = Total pressure at the plane of tap

SP = Static pressure direct reading

VP Velocity pressure as counuted by nouc ranh

Since tne air is a static pressure tap immediately be-
fore the 2ir is expanded in the increaser type fitting,
the totzal »ressure must be determined at that nlzne. The
difference in total pressures of plane P4 to plane Pg
and plane Pg to Pg czn then be used to evaluate the

s

resistences of the tekxe-off znd reduced streaisnt. Each

L

portion however must be determined by separste evaluation.



Fig. 10

System set up for runs 10 through 29 showing 3" x 8"
take off, 18" x 8" reduced straight, and increaser
type fitting. P4 static tap is shown in lower center
of photograph.



Fig. 11

System set up for runs 39 through 58 showing
18" x 8" take-off, 3" x 8" reduced straight and
increaser type fitting.



DETERLINATICY CF FRICTICIY EZQUIVALENTS

Friction equivalents of take-off and reduced straizht
have been determined by plotting curves from the computed
data. These curves are plotted as totzl pressure
difference azainst cu ft/min delivery and apvear ac a
series of four to a set tc represent the inter-chenring
of orifice vlates in the 3" X 8" duct while the orifice
plate in the 18" X 8" duct is kept constant. These
curves are then compared for the approoriate equivalent
round with the friction chart from the A. S. H. V. E.

Guide, an enlargement of wnich appears in Fig. 13.
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The inserted orifice vlate con be classified ss

serving two specific purposes:
(1) A method for weasuring gquantities of air d:zlivered
tarouzh the duct in quecstion.
(2) A method of simulating cuanges in lenzth of the

duct, ther.by varying the resistance of the

svstem.

The metnod of measuring has already been discussed.
The data evaluations present evidence that thecse orifice
plate measuremenis ere consictently accurate. In the
granhical renresentations of Total Pressure drop vs cubic
ft/min deliveries, it is observed that the points do not
lie completely on the averagze curve. This discrepancy
probaobly can best be accounted for as a result of bulzing
of tne duct (created by static pressure); in which case
the cross sectional area of the duct changes. Aonarently
an affect of the bulging type does exist since 2 compari-
son of the curves for the 3" X 8" duct with the 18" X 8"
duct shovws the lztter to present more variznce. Conse-
quently, we can assume taoat tne static pressure messurements
are accurate and the czlcul=ted velocity nressure in
ETrToT.

In varying the resistance of tie system by orifice

- 10 -



plate insertions, we were able to simulate a condi-
tion of varyinz the length of the take-off and reduced
gtraicht and treat the system es one of verying the
lenzth of duct. Again 2Zreohic renresentatiocns of
total nreesure drop vs cubic ft/min delivery annear to
justify this conclusion. These parabolic curves follow
the same general snape for 5.2" rounde and 13" rounds
of the A. S. H. V. E. friction flow chart.

The curve evaluations are presented numerically
in Tables 1 and 2 and grarhically in Figures 14 and 15,
It is to be noted that the plots of columns 7 azainst 5
for the 3" X 8" duct anpear to be paratwolic regariless
of the fact that the 3" X 8" duct is the tzke-off in one
and the reduced straizht in the other. These curves
show that the 3" X &" duct offers positive resistance
to flow in either system set up, but that this resistance
to flow is larger by aporoximately 3% widths when acting
as take-off under the best flow conditions. The plots of
column 9 azainst 5 for the 18" X €" duct anpesr widely
scattered. Hcvever, it is to be noted that the differ-
ence in any one set is in the vicinity of 1% widths
from the averaze curve represented as straight lines,
It is believed that the friction effect of the 18" X gt
duct remains eporoximately constant for any varticular

system set un but changes as the system set up is altered.

- 11 -



As is shown on the graph, resistance caances from a
neg=tive value for 15" X 8" duct as reduced straight
to a positive resistance for the same duct as a teke-off.
Tne parabolic representation of eqguivzslent length
azainst Column 5 of tacles I and II indicates that
ontimum flow conditions exist witn the ratio of Column
5, aeporoaching 1. Below and above this vzlue, the curves
bend to the right, wunich indicate increase in resciestance.
From a fluid flow standpoint, it misht be arzued that
the reduced straight for velues below 1 is robbing a
portion of the 2ir which noruially would be in the plene
of the take-off. On the otaer hand when the valve is
above 1, the behavior is directly opoosite; the take-
off is rcoboing e2ir wnich normally would ve in the »nlane of
the reduced straisht. If we consider this internretation
as beinr accurcte, then vhen thne value of Column 5,
aporoaches 1, both take-off and reduced straight deliver
air which lies in their respective vplanes. Ve might say
th=zt neither contrection nor expansicn of the zir at the

entrance of the take-off or reduced straizht exist.



CONCLUEICN

From the data presented in this peper we may draw

the followinz conclusions:

(1)

(2)

(3)

For the svstem set ups described, more accuracy in
measuring exists in the 3" X &" duct the=n in the

18" X 8" duct. Tais is ehown by the smoothnees of

the total »nressure dron vs cu ft/min curves for both
types. Tne bulging affect in the 18" X 8" duct may
be the controlling factor of accuracy.

lore resistance is develoved by the tzke-off thezn in
the reduced straiznt. In cases where the t=ke-off

js small such as a 3" X 8", the resistance remeins
positive, but is reduced by a matter of 3} widtus

at optimun flow conditions when changing from take-
off to reduced straignt.

Then the take-off becomes large, as in the case of

the 18" X &" duct, the resistance decrezses from a
nositive value for the duct as take-off to a nezative
value for the duct as reduced streight.

Optimua flow conditions zpnear to exist when the ratio
of % air through small divided by the % ratio of small
area to main is 1. Tne general shape of the equivalent
length curves seem to bear this out. At this condi-
tion of flow it is believed tnat neither exnansion

nor compression of the air exists in the plane of the
- 13 -



separation.

It is obvious from a study of this paper that there
yet remains a great dezl of work to be done in this field.
There are many phases such as flow mechanics, orifice
coefficients, air separati:on and distrivdution which demand
exploration. The dafa presented in the paver are based
on limited research, though a great dezl of effort has
been nut forth to obtain a hi:sh dezree of accuracy in
the results. It is the hone of the author that this
inforamation may not only be of practical value to
desizners and installers, but also thet it may stimulate
further investigation by others so that all ccncerned

will benefit by such research in the forthcoming years.

- 14 -
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AUTHOR'S COLLENTS

All celculations in this paper zre based on
standard z2ir conditions thouzh these conditions never
exigted. Nor has there been any atteumpt to correct
values to stand-rd air values. However, the author
feels tnhat the evaluation as a direct result of these
data obtained is within the limits of monometer and

human accuracy.
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