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INTRODUC TION

Although sprinkler-irrigation has been practiced in
parts of the United States for about fifty years, it was
not until about 1930 that light weight pipe with quick-
coupling for portable sprinkler systems came into use (1,
p. 3).

Since 1942, when extruded aluminum tubing first be-
came avallable, aluminum has been the dominant material
used in manufacturing sprinkler-irrigation tubing and fit-
tings (7, p. 5). That is the reason why the hydraulic char-
acteristics of aluminum tubing, couplers, and bends 1s es-
sential for the economic design of a portable-sprinkler sys-
tem for the farm.

In these studies the friction factor wasAdetermined
for 6-inch diameter of new aluminum tubing and the head
loss coefficient determined for 6-inch diameter of coupler
when the longitudinal pipe alignment was straight in all
planes.

Since the head loss coefficlent for couplers varies
with varying degrees of poor alignment of connecting sec-
tions of tubing through the coupler, three different posi-
tions of connections were tested as follows: position 1 -
coupler out of alignment in the vertical plane using the
maximum amount of vertical displacement within the coupler;

position 2 - tubing vertically displaced in the coupler as



in position 1 and in addition a three (3) degree deflection
from true alignment through the coupler in the horigontal
plane; position 3 - identical to position 3, except the an-
gle of deflection was increased to six (8) degrees, the
maximum allowed by the test coupling.

This experiment includes also the determination of the

head loss coefficient for S50 and 180 degree elbows.



REVIEW OF LITERATURE

Letter symbols
To simplify the discussion and presentation of data,

the following symbols will be used. They agree as closely as
possible with those presented in hydraulic literature and
are given in accordance with Le Conte (6, p. XI).

Area of pipe, square feet
General constant

Diameter of pipe, feet

A
C
da
4 Coefficient of friotion (Darcy-Weisbach)
g Acceleration of gravity (32.3 ft/sec®)

hy Head loss in couplers, feet

he Head loss in elbows, feet

he Head loss due to friction, feet

by Total head loss, feet

K Coefficient of proportionality

Ko Coefficient of proportionality for aluminum pipe
K, Loss coefficient for couplers

Loss coefficient for elbows

K Loss coefficient in fittings

L Length of pipe, feet

m,n Exponential values

Np Reynolds number
) Pressure, 1bs/in®



Q Rate of flow, cfs

v Velocity, ft/sec

w  Unit weight, 1bs/ft°

z Difference in elevation, feet
0 Density, lb-seczlft4

M Viecosity, lb-sec/ft?

The Bernoulll equation
Head loss in straight pipe flow is illustrated graph-

ically in Fig. 1. Two lines designated respectively the hy-
draulic gradient and the energy gradient are shown (5, p.196).

l Datum 4
Fig.l Frioctional loss in pipe.

The Bernoulli equation between any two sections of a

straight pipe (8, p. 181) as those shown in Fig. 1, is

2 2
-YJ- Rl .2 .=_V_2 h 29 0c0c0ccccen (1)
Zgtw t 1 zg-+‘ll,3+ £ 4%

Durand discusses total energy as being in the primary



and secondary forms (7, p. 4). The thres primary forms, shown
diagrammatically in Fig. 1, are:

1. Pressure energy or pressure head (p/w)

2. Kinetic energy or velocity head (V2/2g)

3. Potential energy or gravity head (z)

The two secondary forms of energy are:

1. The internal energy or the kinetic energy of
eddies and turbulence

2. Head energy

The three primary forms may be converted into sach
other and also into elther of the two secondary forms; how-
ever, the secondary forms are not convertible into the prin-
cipal forms of energy. The internal energy 1s inevitably
converted iInto heat energy, which is dissipated and, there-
fore, unavallable from a mechanical standpoint in pipe flow.
This loss of energy is incidental with the transfer of fluid
in a pipe (7, p. 5).

The head loss hy (See Fig. 1) which ocecurs when an in-
compressible fluld flows between two sections of a straight
pipe of uniform dlameter 1s due to the viscous shear between

fluid particles (8, p. 180).

Head lost by pipe friction

Certain general laws based upon observation and experi-

ment appear to govern fluid friction in pipes and are ex-






pressed in all the generally accepted pipe formulas. These
laws briefly stated are (5, p. 181):

l. Frictional loss in turbulent flow generally in-
creases with the roughness of the pipe

2. PFrictional loss 1s directly proportional to the
area of the wetted surface, or to77dL

3. Frictional loss varies inversely as some power of
the piﬁe diameter, or as 1/d%

4., Frictional loss varies as some power of the velocity,
or as V™

5. Frictional loss varies as some power of the ratio

of viscosity to density of the fluid, or as (/(/o)r

Combining these factors, a rational equation for head
lost by pipe friction for any fluld can be written in the

form:

he= Ktxrdel/dx.me }a/o)l‘ R ¢-)

K' in the above formula is a combined roughness coef-
ficient and proportionality factor. If n+l 1is substituted

for x, equation 2 can be written in the form:

hf-[K'V}u//o)ﬂ%th ceesescenes (3)

The effect of viscosity and density of water on loss
of head at usual flow veloclties 1s so small that it can be
easily included in a general coefficient (5, p. 181). K
being substituted for the quantity in brackets in equation 3,



the base formula for head loss in pipe Ilow can be written
as:
he=KL VP ..oeveeecennceeees (4)
P

Experiments show that the coefficient and exponents
vary in value. For laminar flow, m is equal 1 and for turbu-
lent flow its value ranges from 1.70 for smooth pipe to 2.0
or more for a rough pipe. Likewise n has a value of 2 for
laminar flow and varies from 1.0 to 1.3 for turbulent flow
(8, p. 181).

Unwin (9, p. 217) gives the following mean values for

K, n, and m:

Surface K n m
Wrought iron 000351 1,210 1.75
Asphalted pipes .000395 1.137 1.85

Riveted wrought iron 000405 1.390 1.87
New cast iron 000334 l.168 1,95
Cleaned cast iron .000378 l.168 3.00

Inorusted cast iron 000685 1.160 2.00

Many empirical formulae have been proposed to represent
the friotion factor for smooth tubes over all or part of the
range of Reynolds' Numbers. Practically all have been of the
form f=A +B/N§ , the constant A, B, and n being adjuted to

fit various sets of experimental results (3, p. 94). Blassius



(3, p; 94) published five such equations to cover the range
of Reynolds Number from 2500 to 107. Freeman arrived at the

equation 61

£ = 0.3507 /8%

as a result
of his experiments on hydraulic smooth pipes. This is in
agreement with the work of Blassius (3, p. 87) who proposed

the equation
£.2 0.3164/Ny 25

from an

analyses of experimental data reaching to about Ng= 100,000,

Weston (11, p. 1) in reviewing experimental results in
pipes, considered lead and brass tubing as being very smooth
pipes. He proposed a formula based on his experiment for
these kind of tubing. For tubing having interior sides simi-
lar to new cast iron pipes, he came to the conclusion that
Darcy's formula was very well adapted.

The investigation carried on by Gibson (4, p. 207)
indicates that if roughness of the surface of a galvanized
iron pipe 1s taken as a unity, that of other surfaces 1s ap-

proximately as follows:

New uncoated cast Iron....eeoeeeeecceccscse 1.40
New asphalted cast 1r0n.................... 3055
New wood stave pipeSOQ‘00.00.00000!.‘0000.0 5.65
Concrete pipe carefully hand-finished..e... 1.50
Concrete pipe with ordinary finish....¢cec.. 6.00
Rough concrete plpeSiceccceecccescscecsccess 18.50

Results of experiments on friction losses in pipes of



various materials and diameters are commonly expressed by
plotting the friction factor versus Reynolds Number. 1In the
region of turbulent flow the results of this plot for hydrau-
lically smooth pipe indicate that the pipe roughness when
submerged in the boundary laminar film has no effect on the
friction factor. However, as the thickness of the boundary
laminar fi1lm decreases when the Reynolds Number increases,
pipe, which may be hydraulically smooth for low values of

the Reynolds Number may become rough as the Reynolds Number
increases (10, p. 160).

The Darcy-Welsbach formula

A determinstion of K, m, and n 1s necessary for prac-
tical application of equation 4 to flow problems. Chezy
stated that the head loss in the flow of water in conduits
varied approximately as the square of the velocity. Darcy,
Welsbach, and others, accepting Chezy's value of 2 for m,
further modified equation 4 by proposing a value of 1 for n,
and divided and multiplied by 2g (5, p. 182), so that

= (K'' 2g) L V2
hf g agg

By substituting a so-called "friction factor" f for
K'' 2g, the well-known pipe formula, called the Darcy-

Veisbach formula, was obtained (5, p. 182):
he= £ L V2
d 2 (5)

This formula 1s of convenient form since i1t expresses

(1.°]
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. the loss of head in terms of the veloclity head in the pipe.
Moreover, it is dimensionally correct since f is a numerical
factor, L/d ie a ratio of lengths, and he and v2/2g are both
expressed in units of length (5, p. 183).

Minor losses

Whenever the velocity of a flowing stream is altered
either in direction or in magnitude, such alteration sets up
additional eddy currents and thus creates a loss of energy
in excess of the usual pipe friction. The magnitude of this
loss is proportional to the abruptness of the velocity
change. It is customary to refer to such losses as minor
losses because in a pipe line of considerable length the
pipe friction itself may be so large that the value of these
other losses may be relatively insignificant (2, p. 314).

It has been found that minor losses vary roughly as
the square of the velocity, and they are commonly expressed
by applying variable coefficients to the velocity head (5,
p. 203). This led to the proposal of the basic equation:

2
K ¥
by, L L

in whioch Ky is the loss coefficient. Its value for a particu-
lar fitting can be determined only by experiment.
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METHODS OF PROCEDURE

Aggaratus

A gasoline engine driven centrifugal pump unit was op-

erated to produce the required rates of flow. The water was

drawn from a reservoir on the basement floor level and passed
through the pump into the irrigation pipe line, then up to

the first floor level to a hydraulic flume where the rate

of flow was measured by a Cipolletti weir. The flow on

passing through the Cipollettl welr returned to the basement

reservoir (Fig. 2, 3, 4, and 5).

i

-
-

uf:;

view of experimental installations,

Fig. 2 General
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Fig, 3 Discharge pipe into hydraulic channel.
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Fig. 4 Use of hook gage to determine the discharge
over the Cipolletti weir.
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Fig. 5 Water flowing over the Cipolletti weir.

The several rates of discharge were obtained by regu-
lating both the throttle of the engine and the gate valve
that was placed between the pump and the first section of
aluminum tubing. The rate of discharge for the weir is ex-
pressed by the equation Q=3.1025 H'*42 , The height was
determined by the use of a hook gage at a point five feet
upstream in the channel from the weir. The temperature of

the water ranged between 60 and 65 degrees Fahrenheit.
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Orifice openings 3/16 inches in diameter were made
near the ends of each of the four 20-foot sections of 6-inch
diameter aluminum tubing. A piezometer comnnection was made

at each of these orifices (Fig. 6).

Fig., 6 Close-up of piezometer tube with stop cock
and manometer tube attachment fittings.

Friction loss measurements in the tubing were replicated
in triplicate for each rate of discharge. The head loss meas-
urements through the couplers were duplicated for each rate

of discharge. Single readings were made of the head loss
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through one quarter turn elbow ( 90 degrees ) and two quarter
turn elbows that were paired to give a 180 degree change of
direction of flow (Figs 8 and 9). Stop cocks were made a
part of each piezometer so that the manometer connecting
tubes could be coupled and uncoupled to a pair of piezometers
at will (Frig. 8).

A differential manometer filled with carbon tetra-
chloride was used to determine pressure differences between
two piezometers (Fig. 7). The specific gravity of carbon
tetrachloride at 60 degrees Fahrenheit is 1.60. The dif-
ference in elevation of the two manometer columnes in half
inches was multiplied by the constant 0.035 to give the
equivalent reading in feet of water. To obtain the pressure
in pounds per square inch, the manometer reading in half

inches was multiplied by the factor 0.010825.



Fig. 7 Carbon tetrachloride differential manometer
and plezometer connections.

Material tested

The materials tested were: new 20-foot length of ALCOA
63S-T6 extruded aluminum tubing, having a 6-inch outside
diameter, 0.063 inch wall thickness, 5.874 inch inside
diameter, and 0,.1882 square foot cross sectional area; com=-
mon couplers as shown in Fig. 7; 90 degree elbow; and 180
degree elbow (Figs. 8 and 9).
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Experimental procedure
The purpose of the experiment was to determine the

friction loss in pipe, the head loses in couplers, and the
head loss in 90 and 180 degree elbows.

The experiment was divided into two parts. The first
part was the determination of the friction losses in the
tubing and the heéd losses in couplers when the longitudinal
pipe alignment was straight in all planes.

The second part was the determination of the friction
losses in couplers due to varying degrees of poor alignment
of connecting sections of tubing through the coupling as fol-
lows: position 1 - coupler out of alignment in the vertical
plane using the maximum amount of vertical displacement with-
in the coupler; position 3 - tubing vertically displaced as
in the coupler of position 1 and in addition a 3-degree de-
flection from true alignment through the coupler in the
horizontal plane; position 3 - identical to position 2 ex-
cept the angle of deflection was increased to 6 degrees, the
maximum allowed by the test coupling (Fig. 10).



Fig. 10

Coupler set with pipes forming a 6-degree

horizontal deflection.

For each test run, 11 manometer readings were made ac-

cording to the following sequence (Fig. 11).

1st: Piez. 1-7 (Check)

2nd: "

3drda: " 1-3 ( »
4th: " 2=-3 (
Sth: * 3-4 (v
6th: " 4-5 ("

1-2 (Head loss in 2.63' of tubing with coupler)

20.16' " " n n )
17,53 » n only)
180-degree elbow)

17.53' of tubing only)



— **Engine

(8) —

(7) —

(8) —

(5) —

(4) _|

i Pump
— ——~Gate valve

!

_ (1)
 (2)
L (3)

L
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Scale: 1 inch 5.5 feet

« ¢ Couplers
- ¢ Plezometers

Note: Figures in parenthesis
are pliezometer:
numbers.

Fig. 11 S8ketoh of layout of experiment
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7th: Piez. 4-6 (Head loss in 20.16' of tubing with coupler)

Bth: " 5-8 (" ®» » 2,63 % » " L
9th: " 5-7 ( m mn 20,16! " " " ")
10th: * 6-7 (" = n 17,53 °® " " ")

11th: * 7-8 ( n " g90-degree elbow)
These data are shown in Tables 1 and 2.

For the three differeant positions of tubing in the
second part of the study, two mamometer readings were made
for each test run: between piezometers 1-2 and 5-6, to give
the head loss in 2.83 feet of tubing and one coupler; and
between piezometers 1-3 and 5-7 to give the head loss in
30.16 feet of tubing and one coupler (Tables 3, 4, 5, 6, 7,
and 8).

Sequence of operation
The pumping unit was started and as soon as the engine

had warned up sufficiently to give a reasonably steady run-
ning speed, and the rate of discharge through the Cipolletti
weir had become reasonably constant the test data was col-
lected in the following order: (1) measurement of rate of
flow through the pipe system by means of the Cipolletti weir
at the end of the hydraulic flume; (2) tabulation of the
11 manometer readings as indicated under Experimental
Procedure; (3) redetermination of the rate of flow through

the pipe systen.



Welr:

o-7 6-7 7=-8) 'Helght Dlsch

as read on a CCl4 differential manometer.
~Plezometers:

Table 1 General Experimental Data (Head loss in half inches

TI=-7 1-2 1-% 2-

(No {#)

(Tfeet) (cfs)

.199
.221
.257
.285
« 307

.145
.156
173
.186
.196

QW N

11
12
13
14
15

.871
.948

.456 1.016
.469 1,058
.479 1.091

.412
434

n~OHO
< QA
QW W0
aanaaQ
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Table 3 Experimental data on couplers in position 1 (Head
losses in half inches as read on a CClg differen-
tial manometer).

Run: Plezometers. Welir:

(Ro. ¥ ) (1-2 1-3 5=6 (Helght %zsch.i
(Tee cis

o
o

1 3 0.6 3.4 0.7 2.6 «365 «471
3 14 1.0 3.0 0.9 3.1 .378 .504
3 7 1.1 Se4 1.0 3.3 «292 «540
4 23 1.1 3.8 1.1 3.7 «306 577
5 8 1.1 3.9 1.2 3.8 «306 «577
6 a3 1.2 4.2 1.3 4.1 314 .599
7 2l 1.3 4.4 1.3 4,5 323 «631
8 15 l.4 4,6 1.4 4.7 «331 «645
9 a8 1.5 5.3 l.4 5.3 «343 .679
10 1 1.6 6.0 1.5 5.2 .356 «716
11 24 1.7 6.4 1.6 6.5 «370 . 7586
12 16 1.8 7.1 1.8 7.0 .3823 «791
13 4 1.9 8.8 2.0 8.9 «390 «815
14 9 3.0 9.4 3.0 9.3 e 397 «835
15 6 2.3 1l.2 2.2 11.5 .409 «872
16 32 2.3 11l.9 2.4 12.1 .416 .893
17 13 2.5 13.5 2.4 12.9 «435 «931
18 29 2.6 13.8 3.6 13.7 «434 <948
19 2 2.7 14.7 3.7 14,3 «445 «983
20 10 2.9 14.8 2.7 14.2 «446 «986
2l 35 2.9 15,5 3.0 15.4 .457 1.020
22 20 3.0 16,1 3.1 15,9 .470 1.062
83 5 3.3 16.4 3.3 16.3 .482 1.100
34 30 3.7 18.23 3.8 18.5 496 1.146
35 33 4.3 31.3 4.2 20.9 .509 1.189
26 19 4.7 33.5 4.8 33.23 .531 1,233
27 11 5.1 33.9 5.0 33.7 .524 1,239
288 g6 5.4 34.3 5.3 34.8 535 1.2376
29 13 5.8 35.1 5.8 35.5 +550 1.3238
30 17 6.0 25.6 5.8 25.7 .555 1.345
31 34 6.8 38.5 6.7 28.7 .572 1.404
33 27 7.9 31l.2 7.5 30.8 .587 1.456
33 35 8.5 34.9 8.3 35.0 .61l1 1,541
34 31 9.0 38.0 9.3 38.3 .635 1,592
356 18 9.9 41.1 10.1 41.9 .636 1.631

* Order of experiment



Table 4 Experimental data on couplers in position 1 (Head
losses given in feet of water and in 1b./in2).

Run —__2.060 feet of pilpe with coupler 3
¥o. § Piez, 1-2 Piez.5-6 )
Teet DeB.i.) (feet p.e.i.

) | .0150 006495 .0175 .007577
3 .0350 .010825 .02235 009742
3 0275 .011907 «0350 .010825
4 0375 .011307 0375 011907
5 0275 .011907 0300 012990
6 .0300 0123990 03235 014072
7 0325 .014072 «03235 .014073
8 0350 .015155 .0350 «015155
9 0375 .016233 .0350 .015155
10 .0400 017320 0375 .016333
11 «0425 .018402 0400 .017320
12 .0450 .019485 .0450 019485
13 0475 020567 0500 031650
14 .0500 021650 .0500 .031650
15 .0575 .024897 .0550 .023815
16 .0575 024897 .0600 .025980
17 .0625 037062 .0600 .025980
18 .0650 .028145 .0650 .028145
19 .0875 029237 .0675 029227
20 .0735 «031392 0875 0292327
3l .0735 «031392 . 0750 «032475
33 .0750 «032475 «0775 .033557
23 .0825 035732 .0835 .035722
24 0935 040052 0950 041135
25 «1075 .046547 .1050 .045465
36 .1175 .050877 1200 .051960
37 1375 .055207 «1250 .054125
28 «1350 «058455 «1335 «057373
29 «1450 062785 «1450 .0683785
30 «1500 .064950 1450 .062785
31 .1700 .073610 .1675 072527
33 «1975 .085517 .1875 .081187
33 «3135 .092012 .2075 .089847
34 « 3350 .097425 . 3400 099590

35 «2475 .107167 «25235 .1093323



Table 4

(Concluded)
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Run 20.16' of pipe with coupler) (Weir)
No Piez.1-3 Piegz.5-7) (Height Discharge
M feet p.s.i. feet p.s.1.) feet (ofs .m,
1 .0600 .025980 .0650 .028145 «265 ,47064 2311.2%
3 .0750 .032475 0775 .033557 .378 .50384 226.138
3 .0850 .036805 .0825 ,035732 «392 .54014 242.431
4 0950 .041135 .0925 .040053 .306 ,57875 258.863
5 «0975 ,042317 .0950 .041135 .306 .57675 258.863
6 .1050 .045465 .1025 .044382 .314 59878 268,750
7 1100 .047630 .1125 .048712 .332 .63081 278,638
8 «1150 .049795 1175 .050877 331 .64532 289,638
9 1335 .057372 1300 ,056290 «343 .67882 304.674
10 1500 ,084950 .1475 ,063867 .356 .71574 321.245
11 .1600 ,069280 - .1625 .070362 370 .75607 339.346
123 .1775 ,076857 1750 .075775 .382 .79113 355.082
13 .3300 .095260 23235 .096342 .390 .81471 365.666
14 .2350 ,101755 .2325 .100672 397 .83550 374,997
15 «2800 ,121240 .2875 .124487 409 .87180 391.289
16 .3975 .128817 «3035 ,130982 .416 .89387 400.755
17 3185 ,135312 .3225 .139643 .425 ,92051 413.153
18 .5450 ,.149385 «3435 ,148302 -434 .94843 435.683
19 .36875 ,159137 3575 ,154797 «446 ,98566 443,393
30 «3700 .160210 3550 .153715 446 ,.98566 443,393
21 .3875 .167787 3850 .166705 .457 1.02041 457.990
23 .4025 ,174283 .3975 ,172117 .470 1.06167 476.509
a3 4100 ,L,177530 «4075 .176447 .482 1.10076 494.054
24 .4550 ,197015 .4625 ,200263 .496 1.14637 514,525
25 .5335 ,330572 «5325 .226242 .509 1.18918 533,739
26 .5875 .254387 .5800 .251140 521 1.,23263 553,236
a7 .5975 .258717 .5935 .2356553 .524 1.23913 556.158
28 .6075 .263047 .6200 .268460 .535 1.276386 572.8@
29 .6375 L,371707 .8375 ,.276037 .550 1.,32755 595.844
30 6400 .377120 .64235 .378202 «555 1.,34462 603.505
31 7125 .308512 .7175 .310877 .572 1.40357 629.964
33 .7800 .337740 7700 .333410 587 1.45600 653.4396
33 .8735 .377793 .8750 .378875 .611 1.54101 691,651
34 .9500 .411350 .9575 .414597 .625 1.,59158 714,348
35 1.0275 .444907 1.0475 ,.453567 .636 1.63160 733.311
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Table 5 Experimental data on couplers in position 2 (Head
. losses 1in half inches as read on a CCl4 differen-
tial manometer).

Run: Plezometers: Welr:

(No. ) (1-2 1-3 5-6 5=7) BRelght Disch)
(Teet) (cfs)

l ’ 3 0.8 207 007 207 0265 0471
2 15 1.0 3.9 0.9 3.6 «284 «519
S 11 1.2 5.1 1.2 4.9 « 306 « 577
4 19 1.3 6.3 l.4 6.4 « 329 .640
5 8 1.5 7.2 1.5 7.1 «351 .701
6 1 1.8 7.5 1.7 73 « 356 .716
7 22 2.0 8.5 1.9 8.4 <372 762
8 4 2.3 9.1 2.2 9.2 «390 815
9 12 2.4 11,9 2.4 12.0 .406 .863
10 6 2.5 12.2 2.4 11.9 .409 .872
11 16 2.6 13.5 2.7 13.2 «426 .924
12 7 2.7 14.1 2.8 13.9 «435 «951
13 20 2.8 14.0 2.8 14.3 « 437 «959
14 2 3.1 14.5 3.0 14.5 .445 .983
15 5 3.5 16.3 3eS 16.6 .482 1.101
16 23 3.7 17.5 3.9 17.3 «491 1.130
17 13 4.9 21.8 5.0 22.2 .512 1.200
18 9 5.6 24, 5.5 24.2 « 523 1.238
19 17 6.7 28.4 6.6 28.1 «545 1.341
20 21 7.6 31.2 7.8 31.4 « 563 1,372
21 14 8.5 4.5 8.5 34,5 . 586 1.453
22 18 9.8 39,0 9.9 38.7 .604 1.517
23 10 10.6 40,1 10.8 39,7 «620 1.574

# Order of experiment
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Table 7 Experimental data on couplers in position 3 (Head
losses in half inches as read on a CCl, differen-
tial manometer).

“Run: Plezometers: Weir: ,
Ho, _*) (1-2 1-3 5-6 5-7)  (Height Disch;

feet ofs
1l 3 1.0 2.9 0.9 2.8 « 365 .471
2 18 1.2 4.2 1.1 4.1 «296 551
3 12. l.4 5.5 1.5 5.7 «339 «640
4 1 1.6 7.3 1.7 7.4 356 716
5 7 1.8 7.4 1.8 7.4 360 <737
6 16 1.8 7.5 1.9 7.6 «363 « 733
7 4 2.4 9.4 2.4 9.5 «390 «815
8 9 2.6 10.3 3.7 10.1 403 .853
9 6 3.7 12.4 2.8 13.7 409 872
10 19 2.9 13.4 3.0 13.3 432 .911
11 13 3.3 14.5 3.2 14,5 .436 955
12 2 3.4 15.2 3.3 15.0 445 .983
13 a2l 3.4 15.5 3.4 15.4 447 «989
14 5 4,1 17.5 4.0 17.1 483 1.100
15 8 4.5 18.9 4.4 18.5 .488 1.120
16 14 5.1 20.8 5.0 20.5 505 1,177
17 20 5.7 23,23 5.8 23.1 .532 1.233
18 10 6.3 25.6 6.3 25.5 538 1,285
19 15 7.4 29.0 7.2 28.8 . 557 1,351
20 17 8.4 33.4 8.0 32.5 .579 1.428
2l 22 9.3 36.2 9.1 35.0 .596 1.488
a2 11 11.23 39,5 11.0 38.9 .613 1.548

* Order of experiment
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For the second part of the study where the degree of
alignment of two sections of tubing through a coupling was
varied, a complete set of runs at different rates of dis-
charge was made for one position; then the tubing was
shifted to the next position and another series of measure-
ment made at various rates of discharge.

If there was a small difference in discharge readings,
an average between the first and the second measurements was
considered. If the difference was great, the run was dis-
carded.

For the three different positions the head losses were,
at the beginning, determined for each rate of discharge, that
is, the pipes had to move to give each one of the different
positions for each discharge. Later it was noted that the
best was to determine the head loss in each position, var-
ying the discharge. This was done and Tables 3, 4, 5, 6, 7,

and 8 give the results.
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PRESENTATION OF DATA

Evaluation of exponents and coefficients in the general pipe
flow equation.

The general equation for friction loss in tubing is:

hy-Kg L V®
dn

It may be modified and written in the forms: hf=-KQm for
fiction loses in pipe; hy = KQm for the head loss in pipe
and couplers; h°= xqm for the head loss in couplers; and
h,- KQ" for the head loss in elbows.

By plotting experimental values of hg, by, hgy, and hy
against corresponding values of Q on logarithimic paper, the
value of the exponent m and the coefficient K is determined.
The slope of the line is m, and K is the intercept at Q=1.
hy and hy used in these plottings were the average of
friction losses and head losses found in experiment.

These valuee of hy and hy were determined from Figs.
13, 13, 14, and 15, and are given as follows on the base of
losses per 100-foot length of tubing.

Plpe '1th0ut COUpler...-..........o.o. hf= 10471 Ql.eal

Pipe with well set coupler (*)....... bhp=1.632 Q}'eal
Pipe with coupler in position 1 (*)... by =1.683 Q1978
Pipe with coupler in position 2 (*)... hp =1.831 Q1’917

Pipe with coupler in position 3 (*)... by =1,911 Q1.958

(*) see explanations on p. 19.
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Fig. 14 Head loss vs. flow rate (20.16-foot length of
t?bing and one connecting coupler in position
2).
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The average value of the exponent m to the nearest
hundreth is 1.92, and 1t is used to recalculate the value of
K in the five equations above:

Pipe '1th°ut Oouplel ee 000000000000 hfz 1.5% Ql.gz (1)

Pipe with well set coupler ........ hy'=1.649 Q92 (3)

1.
Pipe with coupler in position 1 ... hy -1.662 Q 92 (3)
Pipe with coupler in poeition 3 ... hp-1.836 Q192 (4)
Pipe with coupler in position 3 ... by -1.885 @**%2 (5)

These equations (1 through 5) were used for calcu-
lating the values of hy and hL for the varioue flow rates as

shown in Table 9,

Pipe without coupler
Its equation for the friction factor in tubing as

based on the form hf==KQm , was found to be

he=1.471 Q -881 | 79 solve for the expression he=Ky L V"
n
a

it is necessary to assume a value for n, as it is impossible
to determine its value when only one diameter is tested.

The value of n is assumed to be 1.14 to compare the
result with those found by Olson (7, p. 17). K, can be
evaluated as follows:

he- KQ®- KATVR. K, L V"
dn

Ko . KaPA®_ 1.471(.4895)1-14 (,1062)1+881 _ 000281
7 100 |
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Table 9 Loss of head per 100-foot length of six inches
aluminum tubing with and without couplers.

“Disch. hs and h;, values:
(cfs__ gpm) [€D) "(‘TL_z (3) ()] (5)_

ol 45 .0180 ,0198 ,0199 ,0320 .0237
3 90 .0683 .0750 .0756 .,0835 .0858
«3 135 .1486 ,1634 .1647 ,1819 .1868
.4 180 .2583 ,2839 .2862 .3161 « 3246
«5 335 .3964  ,4358  ,4393  .4853  .4982
.6 370 .5626 .6185 .6334 .6887 «7071
.7 315 .7563 .8314 .8380 .9357 ,9504
.8 360 .9774¢ 1,074 1,083 1.196 1.228
9 404 1.225 1,347 1,358 1.500 1.540
1.0 449 1,500 1.649 1.662 1.836 1.885
l.1 454 1.800 1.978 1.994 2.203 2.263
l.2 539 3.127 2,338 2,357 2.603 2.673
1.3 584 2.481 3,737 2,748 3,037 3.117
l.4 6239 2.860 3.144 3.169 3.501 3.594
1.5 674 3.264 3.588 3.616 3.995 4.103
1.6 718 3.697 4.065 4.096 4.526 4.646
1.7 764 4,155 4,567 4,603 5.086 5.231
l.8 809 4,635 5.095 5.135 5.673 5.824
l1.9 853 5,145 ©5.656 5,700 6.297 6.465
3.0 898 5.670 6.233 6,282 6.940 7.125

(1) he=1.500 Q193  (Pipe without coupler)

(2) by -1.649 Q1+93  (Pipe with well set coupler)

(3) by -=1.662 Q}'gz (Pipe with coupler in position 1)
(4) by -1.836 Q%2

(5) by =1.885 Q}‘Qa (Pipe with coupler in position 3)

(Pipe with coupler in position 2)
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So, hp = .000281 _L _ vi-881

gle14

cereneeens (8)

To compare the above equation with Olson's equation

(7, p. 17) for he = .000330 _ L v1.78 and with values of
1.14
a
he given by the Aluminum Company of America's general table,
Table No, 10 was developed on the basls of 100-foot length of

tubing for purposes of comparison,

ne = .000281 ___100___ V1'% o ogzs y1e881 | (q)
(.4895)1.14

he = .000330 100 vi78 = 0747 v1-78 [, (01s0n)
(.4895)1.14

Table 10 Comparison of equations (Loss of head
per 100=-foot length of six inches alu-
minum tubing without coupler)

Vel, Disch. v1.881 yl.78 Equ(7) Olson ALCOA
(ft/sec) (cfs) (feet (feet) (geet!
1 .188 1,00 1.00 .063 .074 ,070

2 « 376 3.68 3,44 .234 257 .250

3 « 565 7.90 7.08 « 503 .528 ,L,510

4 .753 13.6 11.8 .865 .881 .850

5 «942 20,6 17.6 1.31 1,31 1.27

6 1.13 28,9 24.4 1,83 l.82 1,74

7 1,32 39,0 32,1 2.48 2.39 2.28

8 1.50 49,9 40.3 3.16 3.02 2.88

9 1.69 62,0 50.1 3.94 3.73 3.62

10 1.88 76.0 60,0 4,82 4,48 4,38

Coupler losses

The head loss in couplers was determined by subtracting



the friction loss in 17.53-foot length of tubing from the
head loss in 20.16-foot length of tubing and coupler. To ac-
complish this the equation he = KQ™ for 100-foot length of
tubing was subtracted from the equation hy = KQ™ for 100-
foot length of tubing and couplers:

he = 1.500 Q1+925 for 100 feet of tubing (5 couplers),
h, ® hy, - he , so:

Well set coupler (#)......... .hy = .149 Q1+92
Coupler in position 1 (%) ... hy = .162 Ql.92
Coupler in position 2 (%) ... h, = .336 Ql.92
Coupler in position 3 (%) ... h, = .385 Ql.92

For each coupler the equation will be:

.0298 Ql.92 (8)

.0324 Q192 (9)
.0672 Q.92 (10)

.0770 Q1+92 (11)

Well set coupler (%) .......e h,

Coupler in position 1 () ...

h,
Coupler in position 2 (#) ... h,
Coupler in position 3 (#) ... h,

Teble 11 gives values of h, determined from the above

equatlons for several flow rates.

Loss coefficlient for couplers

The determination of the loss coefficlent K, for
couplers in the equation for head loss in fittings, h, = K, Vz,

2g
can be done as follows:

(#) See explanations on page 19.
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. 1.92
hcs Kc %2-:‘ leogz - KO - gé KQl 92 =£%2 KQ
v Q

Ko = 64.4 (.1882)23 kg™*0% - 2.281kQ"*%® . 80, for:

Well set coupler Kg = 0679 Q~-08 (13)
Coupler in position 1 .... K,- .0739 q 08 (13)
Coupler in position 2 .... K, -.153 Q"Oa (14)
Coupler in position 3 .... K =.176 q '°° (15)

Table 11 gives values of K, obtained from the above

equations.

Elbow losses

Experimental values of by and corresponding values of Q
were plotted on logarithmic paper (Fig. 16) to give the coef-
ficient K and the exponent m of the equation he-.-.KQn . The

equations become:

For 90-degree elbow (piez. 7-8) ... hg= .315 Qa'as (18)
For 180-degree elbow (piez. 3-4) ... hge = .600 Q3+35 (17)

Table 13 gives values of he for several flow rates ac-

cording to equations (168) and (17).

Loss coefficient for elbows

As 1t was determined for couplers, K, value 1s:

he= Ko Y2

KQ3+25 Ko - 2.281 KQ"*® g0
2

(1]
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Fig., 16 Head loss vs. flow rate (90-degree and 180-

degree elbows).

90-degree elbow

he = 4315 Q2+ %0

180-degree elbow
dig a0 Q7

Flow rate (cfs)
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Fig., 16 Head loss vs., flow rate (90-degree and 180-

degree elbows).

90-degree elbow
he = 4315 Q2+ %

180-degree elbow

Flow rate (cfs)
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For 90 -degree elbow (piez. 7-8) ... Kq = .718 Q*3° (18)
For 180-degree elbow (plez. 3-4) ... K,-1.368 Q°35 (19)

Table 12 gives values for K, according to equations

(18) and (19).

Table 12 Loss of head h, and loss coefficlent Kq for elbows.

Disch. 300 1800 300 TSGU
(cfs_ gpm) Te Ne Ko K
(feet) (feet)

el 45 .00177 .00337 .4041 «7696
2 90 .00842 01605 . 4805 9152
3 135 .02098 .03996 5318 1.013
o4 180 04006 .07633 .5712 1.088
5 235 .08621 12612 «8041 1.151
.8 270 .0997 1900 .6322 1.203
4 315 .1411 . 2689 .6572 1.251
.8 360 .1906 « 3631 .6795 1.294
9 404 2485 .4733 .6998 1.333
1.0 449 .3150 . 6000 .7185 1.368
1.1 494 . 3903 . 7434 .7355 1.401
1.2 539 .4750 .9048 .7524 1.433
1,3 584 .5685 1.083 7673 1.462
l.4 629 6709 1.378 . 7807 1.487
1.5 674 .7843 1.494 . 7950 1.514
1.6 719 .9072 1.728 .8083 1.540
1,7 764 1.039 1.980 .8203 1.563
1.8 809 1.181 2.250 .8315 1.584
1.9 853 1.335 2.544 .8438 1.607
3.0 898 1.499 2.856 «8549 1.628



- 52 =

CONCLUSIONS

l. The friction factor determined for new six-inch di-
ameter aluminum tubing 1s in agreement with that presented in
the literature for smooth tubing. Its equation for 100-foot
length of tubling he= 1.471 Ql-881 if written in the form of

the general equation of pipe flow becomes:

by = .000281_L _ .vi-881
d L]

This equation is based on the result of experiments

on only one size diameter and so its practical value 1s lim-

1 ted.

2. The friction loss in 100-foot length of six-inch di-
amater.aluminum tubing, plus the head loss in couplers set at
20-foot intervals (5 couplers in 100 feet) can be expressed by

the following equations:

Pipe Without coupler ® & & 0 0 00 0 00 0 0 00 00 00 00 hf 1.500 Ql.92
Pipe with coupler well set and in

alignment With the tubing 60000060000 hL 1.649 Q1.92

Pipe with coupler in vertical offset,
but 1n alignment with the tub-

1ng (PoS1tIon 1) eevececceccoocoonns 1.662 Q192

L'"
n

Pipe with coupler in vertical offset
and at S-de%ree deflection in

horizontal {Position 2) ..eeeeeese.s hyp = 1.836 Q192

Pipe with coupler in vertical offset
and at 6-de%ree deflection in

horizontal POSition 3) 00000000000 hL 10885 Ql.gz
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3. The head loss in each coupler can be written:

Coupler well set and in alignment

with the tubing ..eceeeeeso.... h = ,0208 QL+9%
Coupler in vertical offset, but in

alignment with the tubing

(POSition 1) 60000000 00c0000000 hc = 00524 Ql‘gz

Coupler in vertical offset and at
3-degree deflection in
horizontal (Position 2)........ h,

L0672 Ql.92

Coupler in vertical offset and at
6-degree deflection in 9
horizontal (Position 3)eeseses. h, = .0770 QL-92

4, The loss coefficient K, for couplers in the equation

he = K¢ g; was determined as being:

Coupler well set and in slignment

With the tUDINg..esssessoesesss K .0679Q-+08

Coupler in vertical offset, but in
alignment with the tubing
(POSition l)ooooccooooooooooooo K

.0739Q-.08

Coupler in vertical offset and at
3-degree deflection in

horizontal (Position 2)eeececee Kg .153 Q"Oe

Coupler in vertical offset and at
6-degree deflection in

horizontal (Position 3)eeee.... .176 Q~+08

&

5. The head loss in 90-degree and in 180-degree elbows

can be expressed:

.600 Q2.25

For 90-degree elbow (Plezometers 7-8).. hg
For 180-degree elbow (Plezometers 3-4). hg

6. The loss coefficlent Ko for elbows was cetermined
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and its value 1is:
For 90-degree elbow (Piezometers 7-8). Ke= «718 Q'zs

For 180-degree elbow (Piezometers 3-4). K,-1.368 Q.ZS
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SUMMARY

1. Extruded aluminum tubing and couplers have been
used extensively in portable sprinkler-irrigation systems in
recent years. Recognizing the need for further research on
the hydraulic characteristics of aluminum tubing, couplers,
and elbows, the Perfection Sprinkler Company of Ann Arbor,
Mioh., made available to the Agricultural Engineering Depart-
ment the 6-inch diameter of new aluminum pipe, couplers, and
elbows used in this experiment. Investigations were made in
the Spring of 1950 in the Hydraulic Laboratory of the
Agricultural Engineering Department of Michigan State
College.

2. The experiment was divided into two parts. The first
part was the determination of the friction losses in the
tubing and the head losses in couplers when the longitudinal
pipe aiignment was straight in all planes. The second part
was the determination of the friction losses in couplers due
to varying degrees of poor alignment of connecting sections
91 tubing through the coupling as follows: position 1 -
coupler out of alignment in the vertical plane using the max-
imum amount of vertical displacement within the coupler;
position 3 - tubing vertically displaced as in the coupler
of position 1 and in addition a three (3) degree defleotion
from true alignment through the coupler in the horizontai
plane; position 3 - identical to position 2 except the



angle of deflection was increased to six (6) degrees, the
maximum allowed by the test coupling.
The experliment includes also the determination of

the head losses in 90-degree and in 180-degree elbows,

3. A differential manometer filled with carbon tetra-
chloride was used to determine the pressure differences be-
tween two plezometers. The piezometers were set in such a
way as to glve the friction loss in pipe, the head loss in
couplers, the head loss in couplers and pipe, and the head
loss in elbows. The rate of flow was measured by a

Cipollettil welir.

4, Results of investigations on friction loss in pipe
and head loss 1in couplers when the longitudinal pipe align-
ment was straight 1In all planes are in good agreement with
those presented in litsrature for smooth tubing and

sprinkler-pipe couplers.

5. Results of experiments with couplers out of align-
ment in the vertical plane by using the maximum amount of
vertical displacement within the coupler (position 1) gave
only a slightly higher value for the head loss coefficlent
as compared with the head loss coefficient for coupler when
the longitudinal pipe alignment was straight in all planes,
The same occurred when the head loss coefficient for 3-
degree horizontal displacement (position 2) 1is compared with

that for 6-degree deflection from true alignment (position 3).
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However, the 3-degree deflection (positiom 2) gave a rela-
tively much greater value for the head loss coefficient as

compared with that in position 1.

6. The loss coefficient value for the 180-degree elbow
was found to be almost twice as great as the loss for the

90-degree elbow,
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