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FRICTION LOSSES IN
PIPE FITTINGS AND VALVES

INTRODUCTION
Literature Survey
In every pipe_line system there is a loss in head
due to the friection caused by the fluid flowing in therline.
In gddition to the loss ig‘straight pilpe, there is a con-
gidersble loss due to the fittings and valves in the install-
ation, and many investigations have besn made to determine .

these lossesn,

Work had been done as searly as 1880 on flow in

stralght pipe but none:on fittings énd valves, Giesecke (1)

wag posaibly the first-ié conduct a friction loss investe«

igation on a fitting. The method of test consisted of allow-

ing wateﬁ'%ojflow from one tank to ancther, with and.without
the given pipes and fittings in the connecting line., The.
fittings tested were elbows of one-half inch to three 1nches
nominal pipe dlameters. _

D, E, Foster {2), using &‘mbdikication of a formula

(1) Giesecke, F.E., "Formylas Deduced for Frictlon
Loss in Water Pipes and Fittings“, Engineering News~Record,
79: 469: 1917,

(2) Foster, D,B., "Effect of Fittings on Flow of
Fluids", Mecéhanical Engineering, 42: 616: 1920.




developed by Meiﬁﬁgls), calculdted the losses for various
type fiftings and tabulated these losses for plpe sizes
ranging from one-half inch to twelvs inches in diameter, AL
the meseting in which Foster présented these values, Giesecke
eriticized the results, saying the values were Inaccurate and
based on falgse assumptions. It was brought out in the dis-
cussion that Meier's factor of resistance, "»", was not a
congtant for each type of fitting but varied with the dlameter,
and that Foster had assuméa a constant valuej thersfore Foa-
ter's values could not. be apnlied to every dlameter. These
values were subsequently corrected and can be found in hand-
books (4) and textbooks (5). Later, experimental évidence
was to show that some of his values were still incorrect. |
Experimental wofk on flow through elbows was present-
éd by Wilson, McAdams, end Seltzer (6) in connection with
their work on the development of the frictlon loss chart

oy

(3) Meler, K., The Mechanics of Heating and Ventilating.

{4) Perry, J. H., Chemical Engineecring Handbook, 1941,
p. 825, .

(5) Badger and McCabe, Elemenbs of Chemicalinginesring,
1935, pp 34-43.

(6) Wilson, MecAdams, and Seltzer, "The Flow of Fluids
Through Commercial Pipe Lines", Journal of Industrial and
Enginesring Chemistry, 1l4: 1l05-19; 1922,




for atralcht pipeQ;"Elbows of three sizes, one-inch, two inch,

and fouf—indh, were tested. The one~-inch elbows were separa-
ted by a spacer one foob, eight and three eighxhs inches in
length, the two-inch slbows by‘a spacer one foot, one inch in
length, and the four-inch elbows by a spacer one and one~
quarterr inches in length. The manometer connections were at
least forty diémetershﬁbovg and below the elbows. The loss
of one elbow was compﬁted by subbracting the loss in the
length of straight pipe from the total loss and dividing the
remainder by two. Doubt was expressed as to the accuracy

of the determination of loss in the four-inch elbows due to
the short length of spacer. The same statement might also be
made of the other elbow determinatlons.

Corp and Ruble (7) conducted an investigation of the
frietion losses in valva#hand pipes having'diameters of one-
half inch to’twelve Inches, They concluded that the loss
in head dud tg.valves and other fittings occurs in part within
the valve or fitting and In part as an added loss in the pipe
line downstream where normal flow has been disturbed. The
measurement of loss of head where the downstream plezometer
1s attachsd too near the valve, accoréing to ths paper, will

give a loss in excess of that actually produced. A recommen-

n

(7) Corp and Ruble "Experiments on Loss of Head in
Valves and Pipes of % in. %o 12 in. Diameter", Mechanical
Inginesring, 45. 250-51: 1923




dation of from'ﬁﬁénmy to thenty?five pipe dlameters
beyond the valve was given as probably the-bsst poslition
for the downstream plezometer opsning. The length of
stralght pipe which will produde the same loss of head
varied from three~quarters of a foot to four fest for fully
opeﬁ gate valves; and from twenty to thirty-five feet for
fully open globe valvgs.

A greater advance in this field was made by Perry (8)
who tested new wreught iron fittings. Standard one-inch,
one and one-half inch, two and one-half inch, and three=-
inch elbows were used. Discharge was measured by permitting _
water to flow into a calibrated tank and the velocltiy ob-
talned by a simplé caleculation. An overflow was used to
maihtain a consthnt heaé, and the lost head was measured. by
making piezometer oonneotions to differentlal gages., Care
was taken to’have the connections just flush with the Iin-
alde of tﬁeipipé. Connections were mads four to seven in~
~ches above and six to eight inches below the fitting.
Plezometric connsctions to the ome«~inch pipe were made dle
rectly to a tee screwed to a nipple of proper length and in
turn screwed into the fitting. ﬂdditibnal lozs of head due

Yo the extra teeos was determined and proper allowances made.

-

(8) Perry, L., "Tests of Loss of Head in Standard
Elbows and Tees", Engineering News-Record, 92: 940: 1924,
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It appearsa that fﬁﬁépiezometric connections made by Perry
were pladed too close to the test fitting. The use of a
tee as a plezometric connection for the one-Ilnch plpe also
brings up doubts as to the aocufaoy, since 1t appears that
the tees, being so close to the fitting tested, would exert
a disturbing influence on the flow through the fitting.
Corp and Hartw%}l (9) studled the losses in head for
U, 8, and twisted S pipe bends. This investigation dis-
closed that fifty per cent or more of the loss occasioned
by an elbow oceurs in the stralght plpe below the fitting.
Additional work was done by Glesecke in cooperation
with Reming and Knudson (10) on friction losses in elbows.
The frictlion loss was measured with an alr-water mancmeter
which was connected by ﬁeans of two piezometer rings, sep-
arated by ninety-one'feeﬁvof pilpe and thirteen standard
00° elbows. *The lossz due to the stralght pipe was subtract-
ed from the tpﬁal loas and the remainder divided by thirteen
to give the loss in one elbow. Similarly various types of
elbows were tested. It was found that the friection loss in a

three-inch long radius elbow was two-thlirds the loss in a

(¢) Corp and Hartwell, "Experiments on Loss of Head
in U, S, and Twisted S Bends", University of Wlsconsin Eng-
inesring BExperiment Station, Series Number 66,

| (10) Giesecke, Reming, and XKnudson, "Friction of
Water in Elbows", Transactions of the American.Soclety of
Heating and Ventilating Engineers, 32: 303«14: 1926,




short radius &lbow. It was also found that a 459 olbow
caused ébout one-half the loss of a 90° short radius elbow.

Foater's table of friction losses of various type
fittings and valves was being used extensively when the
Crane Company (11) noticed that, in comparison with exper-
Imental data published, Foster's values were low. As 2 re-
sult they attempted to establish the correct data. The
method of test consisted of placing a fitting in a water line
and regulating the flow by a throttling valve situated at
the end of the line. The pressure drop acpross the fitting
was msasured by a mencufy manometeyr or by two sensitlive low
pressure gages, leada of which were situated at a distance
- of ten pipe diémetars;from each end.of the fitting on test.
Tt was concluded that globe valves offer a resistance to
flow much greater:thaﬁ';reviously published values, and
 that screwédqand flanged fittings offer equal resistances
to flowti It is possible thalt the manometer connectliona were
placed too close to the test fitting and gave lncorrect re-
sults. The distance specified by Corp and Ruble (12) was
twenty to twenty~-five plpe diameters from the fitting for the

downstream connection in order to obtain accurats values.

(11) Crane Company, "Flow-of Fluids in Pipes and
Heat Transmission s Crane Company Publicatlon, 1935, pp. 24-
30,

(12) Corp and Ruble, loc. cit.
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The values issued'hfjﬁhe Orane Company have, howsver, supers
ceded Foster's results as widely used values.

Bruins, Othmer, James, and Berman (13) conducted
fests on one-half inch streamline fittings, correlating the
reaults with the Reynolds number. The tésting equlipment
consisted of ten lines, easch llne contalnlng fittings of
one type, so that nine different flttings were tested. One
line contained straightipipe. Plow was varied and the
pressure drops obtafned. It%was shown that the loss in
streamline flttings was less than the pressure drop in iron
pipe and fittings of the same actual internal diameter. It
was also concluded:tbat the pressure drop due to frliction

in the fittings 1s dependent upon the veloclty of flow.

From the illustrations in the paper, 1t ls sapparent that the

manometer connectlons werg ‘placed too near the control valves

to ‘escape 1ts.disturbing influence; the résults may thus be

in error 7 *

(13) Bruins, Othmer, James, aend Berman, "Friction of
Fluids in Solder-Type Fittings", Transactions of the Amep-
lcan Institute of Chemlcal Engineers, 36: 72l-37: 1940,

)
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Purpose .

This investigation was undertaken to determine the
friction losses in pipe fittings and valves, correlating ths
results with the Reynolds number, From the preceding sur-
vey 1t has been perceived that a great deal of work has
been conducted on this phase of fluid flow, but the results
have varied., Thus it was deemsd necegsary to check former

experimenters and establish the correct results. A compar-

ison with recently published dabta will be made, and data on
several flttings not glven in the literature will be pre-
sented.

Since stréight plpe data 1s correlated with the Rey;
nolds number, it seomed logical to present losses in fibtings
In this manner. Thus,»iﬁ design of piping Installations, the
friction loss values in equlvalent feet of various type fit-
tings caﬁ'beJébnveniently read from a graph once the Rey-
nolds number is known. |

1t was proposed to obtain the data by constrmcting
8 series of manometer connections on each side of the fit-
ting to be tested in order to removefthe posaibility of ndt
obtaining the total loss caused by the fitting. It was be-
lieved that a more reliable determinatiﬁn could be made in

this way.




Theory Qg& _ _

- The friction loss of a fluld flowing through a plpe
is only a speclal cage of a general law of the resistance
between e solid and fluid in relative motion. If a solid
body of any shape be immersed 1In a fluld stream and the vel-
oclty of the fluld past the body 18 small in comparison to
the veloclty of sound, it has been found experimentally
that the reslsting }orce depends only on the roughness, size
and shape of the solid and on the velocity, density, and
vicosity of the fluld. It can thus be showvm that:

F/A = pul/g ' . Dup/n (1)

where

the total reslsting force.

i
n

= the area of the body.

£ &

the velocfty of the fluid past the body.

19 « N

the density of the fluld.

“the diameter.

the wviscoaity of the fluid.

n ¥ oo
]

n

the acceleration of gravity.
= some function whose preeise form must be deter-

mined for each speclflic case.

In the particeular cage of a fluld flowing through a
circular pipe of length L, the total force resisting flow
mist equal the product of the area of contact between the

fluid and the pilpe wall, and the F/A of equation (1), Then
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the pressure dropéwill equal thls preduct divided by the
cross-seétional area of the plpe, since presgsure is measured

in force per unit area. (14)

AP, = F/Al4 LaD/xD2) ® 4 puPL/gD . ©' (Dup/p) (2)
or
anD/ung = ®{Dup/m = AHfD/uzL (3)
5= 4B /g .
where
be = pressure drop due to friction in pounds per square
foot.
F/A = resisting force in foot-pounds per square foot of
contact area,
L = length of pipe in feet.
D = 1ingids diamste¥ of pips in feet.
p =+density of fluid in pounds per square foot.
u = avefage velocity of fluid ian fest per second.
AR = Viscoslity of fluld in English units,
g = acceleration of gravity.

&He = loss in head due to frictiom in feet.
The latter equation wag used Ffor the plot of the
straight pipe data in this paper.

{14) Badger and McCabe, op. cit., p. 35.
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In fluid fiow; there ave two forms of fluid motion
nown as ﬁiacous flow and turbulent flow. Viscous flow
occurs at low velocitlies, the individual particles of water
flowing in parallel straight lines., Turbulent flow mani-
feats 1tgelf at the high velocities, the individual part-
lcles of water flowing in an erratic manner. The velocity
at which the flow changes from vizcous to turbulent flow
i1s known as the eritical ve%ocitj.

The Reynoldé.number (bupAh), indicated on the pre-
vious pages, is of importance in fluid flow, because it
correlates the factors affecting flow. When the Reynolds
number is over 4,000, the flow is always turbulent, and when,
below 2,100, the flow is always viascous. The critlical re-
gion is found betﬁeen these values., This investigation was
concerned with the turbulégk region of flow in determining
the friction fosgea in fittings and valves. The symbol

=

for the Reynolds number used in this paper is "RBe".
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* BQUIPMENT

e F e

The.equipment uged in obtaining the friction losses
in standard one-inch galvanized iron pipe fittings consist-
ed egsentially of a centrifugal puﬁp, a means for introduc-
ing water under city pressure, calibrated orifices for mea-
suring the low rates of flow, a calibrated recelving tank
for measuring the high rgtes of flow, a line in which the
fittings were inserted for test, a stretch of atraight plpe,
manometers for measufing the ﬁressure drops, and a valve
sltuated at the end of the lines for controlling the rates
of flow.

_ Tﬁe testing equipment was situated on the balecony of
the unit operations_laboratory a3 shown 1in the photographa;
Only standard one-inch gaivanized ironlpipe fittings and
one-inch brass globe and géﬁb valves were tested. Galvan-
l1zed pipe and fittings were used in. order to prevent rust-
ing. The fithings tested were:

{1) & ninety degree elbow
(2) a forty-five degree albow.
(3) @& tee, (water leaving branch).
(4) a tee,.{water enterfng branch) .
(5) a cross, (water leaving branch).
(6) a¥, (water.leav}ng branch) .
No data was found in the literature on fittings (5) and (6).

The centrifugal pump, shown in Figure 3, was operated
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for the low rateﬁiﬁf flow. 'Two sizes of orifices, one-
quarter inch and one-half inch, were used. Water under city
pressure was run without an orifice, the flow being measured
by catching the water in a calibrated tank situated below
the balcony. A float, with an extenslon reaching through the
balecony floor, indicated the cublc feet of water passing
through the line on a scale. Dividing the_cubio feet by the
inside area of the pi;e gave theé veloclty. 'The time elapsed
for a run was obbained through the use of a stop watch., Fig-
ure 5 plctures the float extension, acale, control valve ex-
tensiona, and manometer connected to the orifice, with the
copper leads showing in the background.

In the test 1rné where the fitfing or valve was
placed, manometer connections were placed at ene foot inter-
vals from the fltting aqp test for a distance of five feet on
sach side of the fitting. A& length of at least five feet of
pipe sepéfatgd the last manometer commections from any other
Fittings to prevent any disturblng influence in the test

line which would render the results inadcurate. Figure 2

illustrates this portion of the apparatus. It can be sgeen

that the five manometer connsectlons Bn both the upstream
and dowmnstream sides of the fitting are connected to the
manometer by means of a manifold. The loss in head be-
tween any two points before and after the fitting can thus

be found by opening the appropriate needle valves. Figure
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1 shows a detall ofithis arrangement. The cock valve was

used to flush out

ir, and valves on the manomebter en-
abled a flushing

ential U-tube type mﬁndﬁj

pipe is also depiéﬁ ' e s .
one-sixteenth inch hbdles indikated on the drawing, the in-
glde of the pipe was freed of burrs caused by drilling by
the adaptation of a reamer machined to fit the pipe exactly.
This precautionary measure was adopted to prevent any dis-

turbance in the fléw.

The stralght pilpe sectlon sho 8 iﬁ.ﬁigure 4 ran the
length of the 1aboratory..;1t was néﬁg&@gr& to insert four
couplings in the length‘of_78.5 feet;?_ﬁﬁ their contribu-
tion to the“f?iqtion ioss wa.s cansidgfédfté be negligible.

The game type of plezometric connectiéﬁﬁ were used as in the

test section for flttings. .




B i

Pigure 4. Straight Pipe Section
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PROCEDURE

’ Water was run from the main into the tank feseding
the centrifugel pump. A constant head was maeintained on the
pump through the use ;f‘an overflow pipe on the tank. The
watsr was pumped thréugh the lines untll a conastant temp-
erature was attained. The control valve was then adjusted
and the velocity oﬁtaingd from the reading of the menometer
attached to the orifice. Alﬁ-of the nesdls valves attached
to the manifold leading to-the manometer for messuring the
friction drop acroés the test fitting were opened. The cock
valves at the manométér were then opened, and the air was
flushed out. Similarly, the cock valves at the pipe were
flushed. All valves'were‘thén'closed.':

Referring to Figuré“2, the pair of needle valves mark-
ed 1=l were opgned and the reading of the manometer taken.
Tt is readily: seen that the loss across two feet of plpe
plus the fittiné was revealed, In the same way, the losses
across 2-2 through 5-5 were obtalned, TLosses for various
velocitles were found, but duwe to the human error involved
in reading the manometers, numaroﬁaﬁchsék runs were made, &s
is evident from the tabulated data.

In the measurement of lengths of pipe, the "no length"
concept of fittings Initiated by Glesecke, Reming, and Enud-

son (15) was used. In short, the fittings were assumed %o

(15) Giesecke, Réming, and Knudson, loc. cit.
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add no length to tﬁgﬁ§ipe line, slnce,in calculating the
pressure drop, the loss due to the fitting is added to the
drop in the line. Distances were measured from the ends 4
the fitting in question.

The results cobtained were converted into friction
loas in feet of water and plotted against the feet of pipe.
The resulting straight Iine was extrapolated past the zero
polnt until it'intersectéd th@ negative abscissa. The point
of intersection gavé the equivalent length of the fitting
in feet directly. The_zero roint or intersection of the
1line with the ordinate gave the friction loss in feet of
water incurred by the fitting. &n 11lustration ié shown in
the appendix. The values found by the intersection of the
negative abscissa were plotied agalnst the3Reynolds.numberé
as shown on the pages follgﬁing. As a check, the losses in
feaet of wgtq;iw;re eonverted Into equivalent lengths through
the use of the straight pipe data on Figure 6. Both graph-
ical and calculated results are Indicated in the tabulated
data.,
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Table T (cont.)

OF u Re aH, AHD
¢mﬁ
59 2,47 17,500 3,09 0.000553
59 2.26 16,100 2,57 0.000550
59 2,04 14,500 2,153 0.000560
59 1.72 12,200 1.53 0.000565
60 1,35 9,730 0.98 0.000587
60 0.70 5,040 0.31 0.000698
58 8,01 56,900 26.54 0,000452
60 7,62 " 54,900 27,04 0.000524
59 6,44 45,700 18.61 0.000489
59 5.65 40,100 14,44 0.000490
59 5,34 38,000 13,50 0.000516
58 " 5,02 35,100 11.42 0.000435
58 4,36 30, 500 0,03 0,000515
59 3,90 27,700 7 .20 0,000523 *
59 3.21 22,800 5,03 0.000540
59 2.25 16,000 2,50 0.000539.
59 2,02 14,300 2,13 0.000570
59 1.79 12,700 1,87 0.000567
59 1,51 ° 10,700 1.22 0.,000585
59 1.20 8,530 0.81 0.000614
60 0.73 . 5,250 0,32 - 0.,000657
50 5402 35,600 11.31 0.000490
59 4,47 21,700 9,09 | 0.000495
59 8,90 27,700 7,12 0.000511
59 5.30 23,400 5,16 0.000516
59 2,30 16,300 2,64 0.000544
59 1.99 14,100 2,03 0.000559
59 1,70 12,100 1,57 0.,000592
59 1,55 11,000 1,25 0,000568
60 1,22 8,780 0.79 0.000579
80 0.76 5,540 , 0.32 0.000605
59 7410 50,400 22 .40 0.000486
59 6,75 47,900 20,40 0.000491
58 5,11 35,800 11.92 0.000498
58 4.65 32,600 10.25 0.000518
59 2,55 18,100 . 3,20 0.000537
59 2,30 16,300 2 .60 0.,000537
59 2,12 15,000 2,10 0.000525
60 1.86 13,400 1,65 0.,000536
60 1,680 11,500 1.25 0.000550
60 1.23 8,860 . 0,78 0.000574

60 Q.75 - 9,480 0.31 0.000621




R Table II
450 Elbow

Equivalent Length

o u Graph Cale, aHp Re
59 8.98 1,60 1,61 0,70 63,700
59 8,416 1.60 1.61 0.59 57,900
59 5.14 1.60 1,59 0,24 36,500
59 4,20 1.70 1.64 0,17 29,800
60 2,95 1.55 1.66 0,09 21,200
60 2.59 1.55 1.49 0,06 18,600
60 2,32 1.45 1.40 0,05 15,700
60 1,92 1,45 1,38 0,03 13,700
60 1,57 © 1,50 1,45 0,02 11,300
60 1,13 1.30 1,20 0,01 8,100
59 8,65 1.55 1.60 0,65 61,400
58 8.20 1,70 1,73 0.64 57,400
59 7 .03 1,70 1.71 0,47 49,900
60 5465 1.60 1.45 0,26 40,600
59 5.22 . 1,85 1,59 0.25 37,100
59 3495 1,60 1.52 0.14 28,000
59 © 3.22 . 1,55 . 1.58 - 0.10 22,700
59 2435 1.50 1.46 0.05 -~ 186,700
59 2,06 1,30 . 1,31 0,04 14,500
59 1.35 1.15 1,13 0.01 9,730
80 0,76 1,55 1,68 0,01 5,470
59 7.68 - 1.70 1.68 0.55 54,500
59 6.714 1.55 1.58 0.40 47,800
59 5,75 1.50 1440 0,26 40,800
59 3.05 1.50 1.40 0.08 21,600
60 2,01 1.30 1.26 0.03 14,400
860 1.7 1.20 1.25 0,03 12,800
60 1.12 1.15 1,22 0,01 8,100
: 61 0,77 2,35 2,04 0,01 5,550
59 6.15 1.60 - 1,64 0.35 42,600
59 5.20 1.60 1.48 0.23 36,900
59 4,30 1,80 1.47 0.16 30,500
59 34,05 1,50 1.39 0.08 21,600
80 204 1,30 1,34 0.04 14,600
60 1,73 1.20 1.35 0,03 12,400
60 1,39 1.45 1,38 0.02 10,100
61 0.7 2.40 2.03 0,01 5,650
59 5.75 1.65 1.56 0,29 40,800

59 4.85 1.50 1.48 0.20 54,400




e ot ———

Nise Table IT (cont.)

Equivalent Length

Op u . Graph ° Calc. sHy
£¢ 35.88 1,55 1.56 0.14
59 3226 1,65 1.55 0.1l0
59 . 1,74 1,30 1,32 0,03
60 1.41 1.30 1.28 0.02
60 1.02 . 1.20 1.21 0.01
60 0.88 . 1.80 © 1467 0.01
60 6.00 . 1.88 1.82 0,37
60 4.75 B 1.50 1.54 0,20
59 1.70 1.30 1.29 0.03
60 1.55 1.25 1.29 0.02
60 1.42 - 1.35 1.26 0.02
61 0,95 1.66 L1451 C.01

81 0.,68 - 2440 2415 0,01
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DISCUSSION

Curves
The curves obtained are very similar in form for the
fittings, except in the case of the tee whére the water
enters the branch. In the high range of Reynolas numbers,
the esquivalent length is practically the same asz that for
the tee whéré the water leaves the branch. However, in the
low range of Reynoldé numpers, the two curves diverge from
pach other as is readily éeen from Figures 8 and 9.
Comparing the other graphs, the curves of the forty-
five degree slbow and ninety degree elbow indicate that the”
loss in the forty-five degree elbow 1s approximately one- .
half the loss in the ninety degree elbow. The loss in the
cross is very similar,_qyer the total range of Reynoldé num=-
bers, to the tee where the fluid leaves the branch, and the

Y shows a loss approximately equal to the loss in the ninety

degree elbow, Figures 7, 8, 10, and 11 illustrate the above.
The graphs depict the conclusion that the friction loas is
dependent upon the veloclty.

The possibility of error is.predominantly on the
human side in the reading of the manometer. The lower vel-
oclties presented few difficulties, but at the higher vel-
oclties the varlation observed 1 the manoﬁeter readings,
due to greater turbulence, made an average reading necessary.
This was eapecially true in the determination of losses in
the globe wvalve. | |




5.75
5.56
4.89
4.75
4.10
4402
2.95
2.98
2.10
1.886
1.60
1.25
0.78

5462
535
5.00
4.40
4,00
3.28
2.98
2.10
1.85

+1a58

1.22
0.67

5.72
4.98
3e04
5.0l
1.93
1l.65
1.34
0.98

5.72
5.15
4.20
3418
1.97
L.72

Table III

Globe Valve

Equivalent Length

Graph

19.00
19.90
17.50
19.60
18.80
18.40
12.60
18.50*
15.60
15.20
14.30
13.80
12.80

18440
18.80
17,80
19.80
19,80
18,00
19.40
15430
14.80
15.00
13.60
11.70

18.20
18.30
17.90
19.20
17400
14.60
12.40
15.40

17.80
17.40
19.00
17.80
15.40
14.80

Calc.

16.50
16.98
16.42
16.90
17440

16.48
16.98
15.00
14.55
1590
13.00
11..00

17.00
16450
17.00
16.75
16.85
1790
1655
15.08
14,70
14.00
13.11
10.55

16.92
17.20
17.25
17470
15.45°
12.35
13,70
14410

16+ Q2
18.75
17.00
16.85
14.77
14.22

3410
302
2433
2.27
1.75
1.67
0.90
0.96
0.44
0.34
0.25
0+15

- 0.05

Se10
2475
250
1.95
1.63
1.20
0.03
Oed4
034
0.25
Oul4d
0.04

318
2.51
L.62
l1.01
0.39
0.27
0.18
0.10

5.18
2.61
1.80
L+06
0«39
0.29

26

Re

34,500
33,400
29,400
28,500
24,600
24,000
18,000
17,900
12,400
11,100
9, 500
7,430
4,610

33,700
32,000
30,000
26,400
247, 000
19,700
17,900
12,300
10,800
9,250
7,250

3,990

34,300
29,800
23,600
18,000
11,500
9,900
8,050
5,880

33,800
30,600
25, 000
18,900
11,800
10,200




oF

47
47

47
47
47
47
47
4"

47
47
47
47

1le44
1.03

5.55
4,70
380
3400
1.40
1.03

- 5.82

4470
3.94

.01

Table III {Cont.)

Equivalent Length

Graph

14.00
11.80

“18.20

19.00
18.60
16480
14420
13.20

18.80
19440
16.40
20400

Calc.

13062 *

11.75

16.52
16.81
16.40
16.22
14,056
12,50

17.45

16420

16.00
17.50

aHp

Oe20
0.09

2,05
2,22
1,45
1613

0619 -

0«10

dedl
2.20
1.50
1.00

Re

8, 550
6,120

32, 900
28,000
22,600
19, 900
8,300
6,100

34,600
28,000
23,400
17,900



Table IV
90° Elbow

Equlvalent Length

O u Graph Calcs 8Hp

50 0.40 2.85 2477 1.35
49 B.45 2495 2482 1l.12
49 8.01 2.90 e85 1.02
51 7425 2.90 2486 : 0«85
51 5475 250 2.41 0.46
47 De25 240 2eR3 Q.36
47 4.72 2440 2.12 0.28
47 2.50 2410 1.89 0.08
48 2+40 235 224 Q.08
48 2407 2430 2.15 0.06
48 L.73 2450 2417 0.04
48 1.40 2465 2e54 0.04
48 1.20 2+85 2464 0.03
48 0.89 5430 2476 Q.02
49 8.59 - 2475 2470 - 1.10
50 B.06 2+65 2.61 0.95
50 729 280 2480 0.84
51 5.92 2460 2.72 0«55
46 5425 2460 2e41 039
46 4,65 2445 2426 0429
46 “ 4e02 2440 2423 Q«R22
48 340 240 2.22 018
47 2.80 2450 2.38 0012
47 Redb 2430 2408 0.08
47 2.06 2440 2+35 0.07
48 1.70 2450 2432 0.08
48 1.38 2440 2e31 0.03
48 1.01 3+40 - 2.94 0.02
48 - 9.40 2.85 277 1.35
49 Be26 2.90 Sel5 1.19
49 6498 2.85 2.88 0.79
50 6.11 2.80 2.82 0.61
47 5.85 2.40 2429 0.45
46 5.58 220 2.06 0.35
46 4.60 2460 2e.44 031
48 4,086 2.45 2e30 De23

48 350 2415 1.98 ' Oel5




{'{ Table IV (cont. )
Equivalent Length

op u ~ Graph Calc, 8Hp
48 2.73 . 2,20 " 2,10 0.10
47 2.38 . 2,45 2.34 0,09
av 2,03 2,30 2.23 0.06
47 1.75 2,25 2,24 0,05
47 1 .46 2,50 2,33 0.04
47 . 0.85 4,40 4,03 0,02
48 5,82 2.35 ‘2,26 - 0.44
48 4.65 ,‘L 2025 % 2.11 0.27
48 4,05 ' 2,30 2,13 0.21
48 3.88 2,05 1.94 0,13
48 2.35 2,45 2,32 0.08‘-
49 2,05 2,40 2:34 0.07
50 1,17 2,85 2 .60 0.03
46 5.85 7 2,50 2,39 0,47
44 5,30 24,456 2,36 0.39
44 4,85 - 2,40 2.28 0,32
44 4,35 2,40 2.26 0.26
44 3,78 _ 2,700 2,50 0,22
45 2,87 2.20 2.28 0.12
45 2.34, 2,10 2,08 0,08
46 1,98 - 2.10 2,10 0,086
46 Y7 2,40 2434 0,05
48 1.,4%7 7 £.+60 2.472 Q.04
47 1,13 3430 3,09 0,03
7 0.87 4,30 3499 0.20
44 5,85 2,50 2448 0.48
44 5.825 2,70 2450 0.41
45 4,47 2,60 2.87 , . 0.31
45 3.56 2.70 2.79 0,27
46 2.73 2,70 2,71 0,11
46 1,97 2455 2,43 0.06
a7 1.86 2,60 2,48 0,06
av 1.63 3,00 2.80 0.05
47 1.40 3420 280 0.04
4w 0. e 4,00 4,43 © 0,02

47 5.85 230 2.18 0,43




e

1

]
pestin

i)
oy

1
i o g
1
]

]

= B

[




T0°0 - 89°T 98'1 06°0 09

30°0 413 0e°3 go° T 649
S0°0 VL2 SL*S LT 65
4L0*0 QL2 08*'8 30°2 - 68
1t°o a6'e Gg*2 L2 3 68
¥L*o g1*e gg*e ¥o*2 68
02°*0 60° ¢ gt'e ¥3°¢ g
2e'0 gs’ g ge*z YLI°¥ 58
04*0 8¢ ¢ o¥*a ¥L°g ¢S
L9°0 7e°e oL e <A 29
) Il ¥ 38°¢ 00*% 8T 4 o8
L3°T T4%¢ SL*e 98° 4 ag
SPT s g9 0g*¢ a7*8 9g-
Go*T 98°¢ gute 88°8 9g
10'0 TL°T 00°2 26°0 68
20°0 06°T S6°T e T 6S
€0°0 1e°¢ 6g* o . Sv°T 68
g0*0 aL*e 0L*23 . QLT oS
60°0 08*3 gg*a QP33 09
¢L°o LO* 2 0g* ¢ ¥8°2S 09
08°0 70°2 0] R « 93¢ 14
1¢°0 gL'e gg*¢ e0*% 154
04°0 61°¢ LG8 ¢ g3 g g
3L*0 g9°'¢e 09t 2 88°S %
06°0 vete 0%*¢ ) 04°9 es
66°0 e8¢ 08*¢ 08°*9 8s
Lo T o8*e go*e - g2 L LS
88T 16°¢ 00°*¥ SL* 4 LS
LO*T - BL'e gg*e e¥%°8 LS
10°0 PO°T 08*'1 84L*0 09
a0*0 8¢°*3 0G*3 LT 09
y0°0 e9°2 0¥ 2 ge*T 69
90'0 14°2 cL*e 06°T 69
C1°0 go*¢e . §8°e 08°3 64
a1'0 . £66°3 00°¢ 8¥* 3 6%
T2*0 ei*¢ g1¢ (O350 1531
g¥°0 22 e 0oL oLV 2q
€9°0 3¢ 09°'e 9L"S &3
98'0 pete ot*¢e 26°S gs
e6°0 gg*'e - 06°¢e L8°9 LS
67* T 98°¢ 08°¢ . 9¢'8 og
SL°T . 6*¢ 00*% G0*8 ac
Jue *oT¥y udean n g

y3lus quetwaTnby
(qouszq Fujzejue aequp) €9F

LR

N CL T




006°TT mo”o 08°32 08°3 69°T 6C

oon“¢H 80°0 08°% 06°% 30°% 65
008°ST 80°0 28°% 06°3 A 8S
004 LT 210 60°¢ 02°¢ 08°2 68
OBL‘T 10°0 83°T 08°1 G9°0 19
O¥T* 4 20°0 - 80°% g1°g : 66°0 09
ooaum 20°0 88'2 06°8 92° T 09
00g° T $0°0 09°3 AL S 85* T 19
008°eT L0* 0 L9'3 04L*3 ¢6°T 09
008°aT 60°0 63 go*¢ 23°%2 09
00§°6T ST*0 §T'e o< 94°3 69
009 ¥ €3*0 91" ¢ 03¢ 9¥* ¢ 69
008°82 T¢*0 6T°¢ og's 20*% 63
o0T‘2e - 1I8'0 gg* ¢ 06°% 96° ¥ ode]
009°og ¥9°0 9g*¢ 09°¢ SL* G ag
0094 T0*0 9L T 0042 20°1 09
[ 4 - . ] -

008¢2T S0°0 8¥* g 09°2 LL°T 63
004 ¥T 80°0 0L S 8B oT1*2 8%
006°9T" TT*0 ST ¢ 0€°* ¢ 8¢* 3 68
00g ‘a2 23°0 8g°¢ ov'e ge*e g6
008 L8 . gg*o poce Go'¢ T8* ¥ €g
008°¢¢ce 08°0 g1°¢ gg*e VAL g
008°0¢ eF* 0 Tg* ¢ go*e VA e8
009°¢4¢S LSO Ly e gL' S 08°*S ag

ey Iny * 978D ydeap n do

yaSuery gquersaTODy

(*3U09) A OTABL r+

4 _ :




8.91
7458
6.86
5.70
4.94
4.89
5.82
3 .29
2410
1,73
1.40
0.88

9,13
7.58
€.20
4,36
3.94

2e mm
2,02
H.Hm
0.89

B8.96
©,.58
5.82
5461
2.58
2423
1.81
1.42
1,10

e Table VI

Gate Valve

Equivalent Length

Graph

0.79
0.72
0,70
0.80

0,60
0.60
0.55 .
0.55 =
0.60
0,60
0.45
0445

0.78
0.80
0,75
0.60
0.60
0.50
0.5
0.85
0.50
0.55
0,60

0.75
0.78
0.60
0.60
0.60
0.50
0.60
0.55
0.45
0.45

0.80
0,70
0.60
Q.50
0.55

0.58
055
0.55
0.40

OWHO-

0.73
0.69
0.68
0.75
0.56

- 0457

0.57
0,59
0,58
0.57
0,43
0.43

0,70
O .qm,
0,68
0.53
0.53
O.44
0.53
0.59
0.46
0,50
O.@*

0.73
0.73
0.56
0.59
0.55
C.45
0,33
0,51
0.44
0.42

0,75
0.65
0,61
OOQ$
0.50
0.54
0.53
0,54
o.mm

AHp

0.32
Q.22
0.18
0.14
0.08
0.08
0.05
0.04
0.02
0.01
0.01
0.003

0.32
0.24
0,15
0.06
Otom
0.03
OoO*
0.02
0.01
0.01
0.01

0.30
0.20
0.1l
0.07
0.05
0.03
0.02
0.01
0.004
0.003

0.33
0.186
0,12
0.08
0.02
Q.02
0.01
0,008
0.003

33

Re

53,500
47,000
42,400
34,800
30,100
29,800
25,000
20,000
13,200
10,900

8,780

5,570

55,700
46,30Q
37,800
26,800
24,000
20,200
21,300
13,500
12,800
10,800

8,300

50,900
42,600
36,300
28,500
24,800
21,100
16,500
13,100

7,450

5,750

54,600
39,500
34,900
21,200
15,100
13,300

10,500

8,900
6,800




46
49
49
53

o0&

53
51
52

51
51

Lat

8.81
5.85
4.20
2.66
2,37
2.00
1.59
1.18

2469
2436

Table VI (cont.)

Equivalent Length

Graph Calec.
0.78 0075
0,70 0.66
0,80 0.57
0450 0.48
0.60 0'55
0.50 0.48
0.50 0.48
0.50 " 0.50
0455 0,55

0.65 0.60

B

aAflp

0.31
0.13
0,06
0.02
0.02
0,01
0,01
0.005

0.02
0.02

34

52,200
35,700
25,600
17,200
15,400
13,300
9,920
7,520 .

15,900
14,700
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el Pable VII

Tee (Water leaving branch)
Equivalent Length

Op u Graph Cale, AHp Re

50 9.350 3.80 3.82 l.81 87,600
49 8,45 44,05 4,06 1,60 52,300
50 7.29 3,75 35479 1,13 45,100
50 5.85 380 - 3.80 0.75 36,200
59 4,12 . 8.5 2489 0.29 29,200
59 3«38 3,058 v 2,75 0.19 23,600
59 2.84 - 2490 2465 0,13 mo 200
59 257 3e1Q 276 0,11 Hm 200
59 2.24 ’ 2.85 2.58 0.08 16,000
5% 1.82 3,00 2.54 . 0,06 wmuooo
59 1.33 3.05 2.72 0.03 9,450
60 0.60 4.40 3«25 0.01 4,300
50 8.01 S5 .80 3,76 1.68 55,900
43 7«85 3.70 3,968 1.37 48,000
59 5.13 3465 2.97 _ 045 36,400
59 4,06 3430 . 2435 0.23 28,800
59 2.84 . 3 .30 2,78 0.14 20,200
59 2453 3.20 2480 0.1Y 18,000
59 2403 2+70 2,80 0.07 14,400
59 1,57 2.80 2445 0.04 11,200
80 o.@w 340 2.82 0.01 5,900
50 =37 3455 3.72 1,79 57,600
50 8.54 4,00 S .88 1.56 52,800
51 7.25 3440 3.52 1,04 45,000
59 5.75 3450 2420 0,53 go 900
59 5.18 370 2.91 0.45 36,700
b9 4,70 35460 2.81 0.36 ua.poo
59 3 ¢35 2.90 2.35 0.16 25,800
43 2.66 3,15 T 3.02 0.14 16,000
48 2445 3.20 _3.10 0.12 14,700
48 2.21 3.25 " 3.08 0.10 13,200
48 2.00 3420 3.05 0.08 * 12,000
48 1.72 2.80 2.74 0.06 HO 300
49 1.43 2485 2.68 0.04 mummo
49 1,00 3.60 3,12 - 0.02 6,000
50 B.98 380 3 .89 - 1J73 55,200
50 7 .84 4.10 4,16 1.43 48,500
50 6.09 3450 3.55 0.76 37,700
59 2.28 3.10 277 0.09 16,100
59 2.08 2.80 - 2,35 0,07 15,000
59 1.87 2,95 2.57 0.06 13,300
59 l.48 2,80 2.52 0,04 10,600




" Table VIT (cont.)

St e
LI

Equivalent Length

Op u Graph Cale. aHe

59 1,11 2.65 2.42 . 0.02
60 0.80 3«55 2.76 0.16
50 8.41 3490 35 .89 1,89
50 7 .85 3.75 2«87 1,33
58 4012. 5-40 3000 0.50
59 5465 . 3,10 2.88 0.253
59 3,00 3.05 . 2.86 0.16
48 2432 : 5410 2.96 0,11
48 2412 2.60 3.08 0.09
48 l1.84 * D420 3.086 0,07
48 | 1.58 5430 3.04 0,05
48 0.92 3440 3.08 0.04
50 8.68 ) 5.90 5‘98‘ T 1.64
50 6091' 1 3.65 5096 1.07
48 2.28 5,05 2.86 0.10
48 1.97 . 5425 - 5.07 - 0,08
48 1,73 2.90 2.82 0,086
48 1.48. "2.95 2,79 0,04
60 1.34 295 2.63 0.03
60 1,32 . 2 e85 2.62 0.03
60 1,07 - 2.80 2456 0.02
60 1506 _ 3,15 2.71 0.02
61 w0475 5.60 2,786 0.01

61 0.70 3.80 3,11 0.01
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i Teble VIIT {cont) .
Equivalent Length

Op u Graph Calc. AHf Re

49 5.35 3,90 3.73 0.62 33,300

49 4 ,4% 3.60 3.52 0.,42 27,900

49 3.35 3 .60 3.59 0.25 20,800

49 2,40 3400 2,96 0.11 14,700

51 2,28 2,95 2,02 0,10 14 300

51 1.72 3450 3,15 0,08 - '105800' S

51 1.42 - 3,5 2,96 0.04 - . 8,940 '

51 1.01 . 4.25 3.85 0.03 6,270

49 9,00 3.50 B2 1.66 54,800

49 6,73 3.35 3.52 0.90 41,6000

49 5.75 3,60 3.46 0466 35,000

49 5,12 3,50 3.46 0.53 32 200

49 4,42 3.50 3442 0,40 26, 900 '

49 2,56 ° 3.20 3.30 0!14 15 Y700 .
; 50 2,38 2,95 3,07 0.11 14~sﬁ@ff S
1 50 2,14 ¥ 2,70 277 0.08 13,29@?. o
i 50 1,90 . 2455 2.70 0.0%7 11,8000
: 51 1.65 " 3.20 - 2.99 0.66 110,200
; 51 1.33 3430 3.01 0.04 8,250
: 51 0.89 . 3%90 3,47 0,02 5,520
: 49 579 4.00 3,73 0.72 35,300
: 49 33,60 3.35 3.30 0.97 22,100
; 51 2.35 3.20 3,09 0.11 -'14,700
i 51 2.10 2.95 2.88 0.08 13,200
¢ 51 1.82 3,00 2,94 0.07 11,400
2 51 1.54 3430 2,95 0.05 9,650

51 2027 5.10 ™ 5.06 0010 14,500

51 2.00 3,30 3 .23 0.09 12,500

51 1.72 375 3440 0,07 10,800

52 1.41 370 3438 0.05 8,850

P S
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8.44
T3
7.42
6,66
6,37
5.65
5.09
4,40
S.93
2,95
2.32
2.02
1.78
1.44
1.02

8.60
7.98
7,41
6.48
5.77
5,58
4,89
3,90

2.57
2.33

2.08
1.84
1.32
0.89

8,86
8.07
6.65
5.66
5,09
4.66
3.88
2.80
2.20
1.98
1.68

Fatae

X

Table IX

Equivalent Length

Graph

2.60
2.70
2.90
2.70
2.60
2.70
2,90
24380 &
2.45
2.55
2.35
3.10
3.30
3450
5.00

2.90
2.80
2.70
2.60.,
2.45
2.75
2.90
2,75
2.40
2.65
2.60
2.70
3.90
6.00

5 .00
2.70
£2.90
2.80
2.70
2.45
2.50
2.45
3,00
2.60
3.50

‘Calc.

2.,80
3,00
2.78
2.82
2.58

- 260

2.62
232
2.45
2.54
2.28
2.9
5.08
3.29
4,37

2.88
2.72
2.67
2,71
2.50
2.56
2.68
2.71
2.50
24.48
2.50
2.72
.37
4,70

3,10 "

2,70
2.94
2,71
2.62
2435
2.50
2.59
2.82
2.66
513

Al

1.10
1,00
0.86
0.71
0.60
0.48
0.40
0.27
0.283
0.14
0.08
0.08
0.06
0.08
0.04

1.18
Q.97
0.83
Q.65
0.48
0.486
0.38
0.25
0.13
0,09
0.0%7
0,086
0.04
0.03

1355
1.00
0,74
0.50
0.40
0,30
0.23
0613
0,09
0.0%7
0.06

T T T e A S A N T N R s
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50, 600
46,400
44,500
40,000
38,200
34,100
30,600
26,500
23700
17,700
14,100
12,300
10,500

51,100
47,900
44,300
38,900
35,200
33,500
29,400
23,400
17,900
14,000
12,500
11,000

53,100
48,500
39,900
34,100
30,600
27,400
23,300
16,800
13,400
12,000
10,300




1.30
0.88

8,75
7.95
5.55
4.89
4,06
3,01

2.28

2.05 -

1.78

1446

1.02

8.30
747
5.68
5.1
4,43

3.60

2460
2.28
2,03
1.72

H 05

wat

m BO
D46
5,04
4.90
3.56
2.87

5.75
5.70
4,89
4,89
2.95

S F e

A L e e B LT e

Table IX {cont.)

Equivalent Length

Graph

3.45
7 .50

2.80
2.80
2.70
2.80
- 2.70
2.60
‘2,50
2.60%
2.65
3410
4.00

13.00
2,60
2,60
2,40
2,65
2430
2,20
2 (65
2545

" 2.80
5430

2460
2.60

2,80

2.60
2420
250

2.90 -
2.65
2.50
2.60
220

Calc.

3,06
5,98

2.92
2T
2.58
2.54
. 2.61
" 2.54
2.52
2.37
2,06
2.75
3 44%

2.8%7
2.70
2.53
2.41
2.58
2.24
2,30
2.47
2.29
2.60
4,52

2.68
2,65
2.68
2.46
2.18
2.82

F

e 2,70
2,46
2,47
2,45
2.36

PH.HH.

0.04
0.04

1.24
0.98
0.46
0.36
0.26
0.15
0.08
0.07
.06
0.04
0,03

1.18
0.85
C .47
Oomq
0.30
0.18.
0,10
0.08
0.06
0.05
0.04

0.52
0.46
0.40
0.35
0.1%7
0.12

0.51
0.46
0.35
0.35
0.13
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Comparison with Published Values (16)

Table X
Published Test
Fittings Values Values
: Diameters
Forty-five degreé elbows. 15 19
Ninety degree elbows. ' 32 35
Tee (water leaving brench). 60 48
Tee (water entering branch). _ o0 46
CGate valve (full-open). o 7 )
Globe valve (full-open). 300 240
Cross (off-run) - 46 .
Y {off-run) -~ 34

The valués from this investigation were taken from
the maximum points on ghe graphs at'the highest Reynolds
numbers., The publisheﬁjéalues are for turbulent flow as
are the test’ values. The elbows and gate valve check falrly

clossly, );;Jflil_,e the test values for the globe wvalve are

somewhat lower than the published values. The losses found
in this paper for the tees are lower, and no difference was
noted for the tee in the two poslitions., Values for the

.

cross and Y are new contributions.

(16) PeI’l”‘y’, Jo I'Io, 1000 Gito
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Suggestionsg for‘;é;ther work and improvement.,

More work could be done with this problem on add-
itlonal fittings. The invéstigation should extend into the
viscous region of flow in order to obtain the losses in flt-
tings in that reglon also. Diﬁferent glzed pipe {littings
should be tested, and a correlation of the friction losses
with the dlameter made,

Changes ;n the present spparatus would facilitate
testing. A flow meter for the higher velocitles would re-
duce the time necessary for runs. With the éet-up at
pregsent, it was necessary to empty the tank after one or
two velocitles were run, which was exceedingly time consum~
ing. Also, an air dome=cou1d'be installed in the line
under c¢ity pressure, This would reduce the fluctuation’
in pressure Fhen other ;alves were opened in the bullding.
The runs .in these tests were made during the night when
using ecity pféssure, in order to obtain a relatively con-
stant head. The Introduction of an alr dome would thus al-

low tests to be made during the day.




4%
CONCLUSIONS

L. The friction losses in & one-inch tee 1ln which
the flow is either directed into or away from the branch
is the same, contrary to the literature.

2. The values found for a cne~inch forty~five degree
elbow, & one-inch n?nety degree standard radius elbow, and
a one-inch gate valve substanéially check the literature,
the values in this 1nveé%igation being sllghtly higher.

The values for the globe valve are somewhat lower than the
published wvalues.

5« The friction losses ars dependent upon the vel-

oclty.
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Sample Caleculations

AHp = AHy(8.G.1-8.G.2)

900 Elbow
_ Connectlon Manometer
Run Number . Lef% Right AHs - AH,
1-1 . 3.70 1.9 1.75 0.80
2=-2 . 4.1G, 1.55 2455 1,17
4-4 4,80 0.75 4,008 . 1 85
5-5 5,15 0.45 4.70 2,15
_ u = 5,75 ft./sec. -
! ‘T 2 51 OF
-1 5.20 0,20 5.00 2,29
2=-2 6.256 - 0.95 7420 3.29
II 3=3 - 7 425 2.00 9,25, 4,23
Aol ' 8435 3.26  1l.60 5,30
. . ©um 9.40 ft./ssc.
. T = 50 OF
Wy
‘Manometer used =--- mercury-water
' Inclination of manometer --- sin @ = 0,435
.-@Hr = aH3(8.G.3-8. G.g)sin 8
1.75(13. 6= -1.0)Q¢435
12 ¥
0.80 feet of water
o ta was plotted on the accompanying graph,
from w wing regults* are obtalined: _
. : I S
t Length (ft.) © 2.55 2.75
of water) 0445 1.35

btained by similar methods.
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Sample Calculations (cont.)

- The equivalent length values were calculated from
Allp using the values obtalned from Figure 6 on stralght
pipe.

Reynolds Wumber = D u p = Re

).l

D = 1.04 Iin.

w = 5,75 ft./sec.

P = .62_.14 lb-/cu'.ft.

N o= 1l.29 centipoises

Re = 1.04x5.,75x62.4
12x1,29x0,000672
Run I Re = 34,500
aHpD = 0,000500 . Figure 6

L = 0.45x1.04
B3.0x12%x0. 000500

Calculstion Method

=
]

2.37 feet of one-lnch galvanized pipe.

Graphical Method

B
"

2.55 feet of one-knch galvanized pipe.

Graph Calculated
Run II Equivalent Length 275 .71




