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EFFECT OF DISTRIBUTOR ON FLOW RATE IN A DRIP IRRIGATION

SYSTEM
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Abstract: Theeffect of distributor on flow rate wasstudied. For each diameter of microtube, dif-
ferent length combinations of inlet tubes and drippers were tried. It was found that the discharge
ratefrom the system with thedistributor was higher than that of microtubehaving the samelength
and size. The frictional losses, the combined minor losses and distributor losses for different flow
conditions were estimated. From the observed data, a few combinations which satisfied the re-
quirements, viz., length, discharge and pressure head were selected to useasaguidelinefor design

of the KAU drip irrigation system.
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INTRODUCTION

The distributor is an additional
component introduced intheconventional
drip irrigation system. George (1977)
developed adripirrigation technique with
distributors in the Agronomic Research
Station of theKeralaAgricultural Univer-
sity at Chalakudy. The distributor is a
polyethylenepipeof 15cmlength and 1.25
cm diameter, plugged at both ends with
plastic caps. It isconnected to the lateral
by amicrotube. Fromthedistributor, four
microtubes are taken out. The former and
latter tubeswill bereferred toasinl et tubes
and drippers respectively. The function of
distributor is to reduce the high discharge
rate.  This new drip system incor-
poratingdistributors isnamed asthe KAU
drip irrigation system. The present study
was conducted with an objectiveto deter-
mine the effect of distributor on flow rate.
The friction losses and the combined
minor losses and distributor losses for dif-
ferent flow regionswere determined

MATERIALS AND METHODS

The experimental site was the quad-
rangle near the Agricultural Engineering
Research Workshop of theKeralaAgricul-
tural University at Mannuthy. Black
polyethylene tubes of 25 mm and 125 mm
diameters were used as main and lateral
respectively. Three different microtube
gzes, viz., 1 mm, 2 mm and 3 mm were

used. For cach diameter of the microtube,
the combinations of lengths for inlet tubes
and drippers used were; 50+50 cm; 50+100
cm; 50+150 cm; 100+50 cm; 100+100 cm;
100+150 cm; 150+50 cm; 150+100 cm;
150+150 cm.

In each case, the four drippers were
of thesamelength and diamecter. Theinlet
tube and drippers were also of the same
diameter. Experiments were done at dif-
ferent pressure heads, viz., 50 cm, 100 cm
and 150cm. Thetimetaken for collectinga
certain volume of water from the drippers
was noted.

RESULTS AND DISCUSSION

It was observed that the discharge
ratefrom thesystem with distributorswas
higher than that of microtubes having the
same length and size. For example, a
50+50 cm distributor combination gave
more discharge than a microtube of 100 cm
length for the same head.

Experiments were conducted from
0.5 mto 15 m pressure heads. The highest
and lowest discharges obtained per drip-
perwere 11 1h™! and 0.02 1 h'! respectively.

The KAU drip system workson low
pressure. The maximum pressure head
recommended is 2 m. A high pressure
head may cause leaksin thesystem. Inthis
system, no accessories are used for con-
necting the microtubes, all are push-fit
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types and this limits the use of high pres-
sure. Dueto somepractical difficultiesat

Table 1. Effect of distributor on flow rate (3 mm tube)
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the site, the experiments were conducted
only up to a pressure head of 15 m.

Length of tubes| Discharge Renolds number Firction loss thinor loss
(cm) 1ht (M) 8+ Distribu
Inlet | Dripper| Inlet | Dripper Inlet | Dripper! Inletd Dripper tor
Ly Ly Qq Q2 RC] RL‘Q H“ I I | loss (m)
Pressurehead 15 m
50 50 44.3 11.08 6493 1623 0.69 0.14 0.67
100 420 1050 6154 1541 0.63 § 0.26 061
150 386 9.65 5657 i 1414 054 035 061
100 50 368 9.20 53% 1351 1.00 o1 | 039
100 1 361 878 5146 1287 0.92 0.21 0.37
150 | 35 838 4914 1228 0.85 0.29 036
150 50 329 823 4825 1205 123 0.10 017
100 312 780 4575 1146 113 = 0.18 0.19
150 29.9 748 4383 1097 1.04 0.26 020
Pressurehead 1 m
50 50 41.1 10.28 6030 1507 0.61 0.13 0.26
100 389 973 5706 1425 0.55 0.24 021
150 372 930 51 1362 051 033 0.16
100 50 306 765 4485 1123 0.73 0.09 018
100 29.4 735 4313 1078 0.68 0.17 0.15
150 285 713 4179 1045 064 024 0.12
150 50 20.8 520 3062 765 083, 005 012
100 198 495 2903 728 077 . 010 013 i
150 | 190 | 475 2787 | 698 0721 o015 013 i
Pressurehead 0.5 m i
50 0 272 680 3089 | 9% 0411 008f 001 |
100 21.3 533 3123 780 0283% 011 0.11
150 201 503 2944 735 0.26 0.16 0.08
100 50 153 383 : 2243 560 035 0.4 0.11
100 141 353 ; 271 519 0.31 0.07 . 012
150 134 33 ; 1963 493 035 010 | 0.05
150 50 15 2.88 : 1683 422 043 0.03 0.04
100 (106 | 266 . 152 | 38 039 005 006
150 99 248 1451 362 0.36 0.07 0.07
! !
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Table 2 Effect of distributor on flow rate (2 mm tube)

Length of tubes Discha}rge Renolds number § Firction loss Minor loss
(m) 1 (m) + Distribu-
Inlet | Dripper; Inlet{ Dripper Inlet ¢ Drippery Inlet Dripper; tor
Ly L2 Q1 Q2 Req Rep Hyq He loss (m)
Pressure head 15 m
50 50 178 445 3910 978 100 019 031
100 165 413 3627 908 0.89 035 0.26
150 157 393 3453 863 083; 050 017
100 50 1na 285 2510 627 104 011 035
100 103 258 2264 567 090 0.20 0.40
150 963, 240 214 | 50 081| 027! 042
150 0 | 93] 23 2042 | 510 1166 009 025
100 85 213 1868 468 128; 016, 006
150 79 198 1734 433 117, 021, 012
Pressurehead 1 m
50 50 129 323 2833 709 062 013 025
100 ns 295 2597 649 055, 023 022
150 n1i 27 2438 | 610 050, 033 017
100 50 89 2.23 1955 490 090 008 0.02
100 8.0] 200 1759 | 440 079: 014 007
150 74 185 1632 408 072 020 0.08
150 50 58 146 o 321 081 005 014
100 51 129 1132 284 069; 008 023
150 46 114 1005 51 060, 011 029
Pressure head 0.5 m
50 50 863 216 1900 475 043 0.06 001
100 685 171 1506 376 033 0.12 005
150 6.668  1.67 1465 366 032 017 001
100 50 464 116 1022 256 041 004 005
100 38 097 856 214 033; 006 011
150 327 082 719 1 0.26 0.07 017
150 50 327; 082 719 179 040 002 008
100 266; 067 534 147 031] 004 015
1 | 223 0% a0 | 12 | 025 005, 020
H
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Table 3. Effect of distributor on flow rate (1 mm tub)
Length of tubes Dischalrge Renolds number { Firction loss Minor loss
(m) 1h (m) + Distribu-
Inlet § Dripperi Inlet{ Dripper Inlet §{ Dripperf Inleti Dripper tor
L1 L Q1 Qo Rey Rep Hyy Hyy loss(m)
Pressure head 1.5 m
50 50 206; 032 05 226 0.90 017 043
100 136 034 598 149 054 0.20 0.76
150 10; o33 572 143 051 029 007
100 50 13 o3 576 144 1.03f 010 037
100 053 0.13 233 58 034 0.06 110
150 027{ 007 18 0 015§ 004 131
150 50 0.75 0.19 30 82 0.78 0.05 0.67
100 036 0.09 158 40 0.32 0.04 114
150 012, 003 52 14 008{ 002 140
Pressurehead 1 m
50 50 140 035 616 14 0.56 0.10 034
100 110 0.28 484 122 042 0.16 042
150 048 0.12 210 52 015 0.08 077
100 50 086 0.22 378 95 0.62 0.06 0.32
100 0.43 o 189 47 0.26 0.05 0.69
150 018 0.05 80 20 0.09 0.03 0.88
150 50 0.66 017 290 2 0.67 0.04 0.29
100 0.48 012 210 52 0.45 0.06 0.49
150 0.21 0.05 R 24 0.16 0.03 081
Pressure head 0.5 m
50 50 084 021 369 A 0.30 0.06 014
100 0.65 0.16 285 72 0.22 0.08 0.20
150 018 0.05 0 20 0.05 003 0.42
100 50 061 015 267 68 041 004 005
100 0.28 0.07 123 32 0.16 0.03 031
150 o1 003 a7 13 0.05 0.02 043
150 50 0.26 0.07 14 29 021 0.01 0.28
100 0.09 0.02 41 10 0.06 0.01 ; 043
150 0.07 0.02 30 8 0.04 0.01 0.45
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Table4. Guideline for KAU dripirrigation
system

Presst Diam- { Length of tubes { Discharge
ure | eter of (em) from
head { micro Inlet| Dripper;  dripper
tube

m | (mm) 1h!
e e » 5
1.5 3 00| 100 8.78
150 838

]50' 100 7.80

| 150 | 748

{10 ¢ 3t 100 100 735
150 713

150 | 100 495

150 475

05 ;| 3 100 | 100 353
| i 150 335
[ 10| 10 265

[ 150 248

15 2 100 | 100 258

i 1m0 2.40

150 | 100 213

150 198

10 2 100 100 2.00
150 185

In general, both major and minor
losses occurred in a pipe flow. The major
lossisthefrictionloss. The minorlossin-
cludes, entrance and exit losses and losses
due to fittings and bends. When the dis-
tributor was introduced in the system,
there were some distributor losses.

Anattempt was madeto separateall
these three lossss, i.e, the friction loss, the
minor loss and the distributor loss. How-
ever, it was found that more elaborate
study was necessary to scparate the minor
losses and the distributor losses. The fric-
tion losses and the combined minor losses
anddistributorlossesfordifferentregions
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aregiveninTable 1, 2 and 3.

Themagjor loss, i.e, thetotal friction
loss was the summation of thefriction los-
sesintheinlet tube and in the drippers. In
parallel connection, thefrictionloss of one
of the drippers need only be considered.

H;=Hp +Hp (1)
where

Hf =total frictionloss, m

H;; = friction loss in inlet tube, m

Hp, = frictionlossin drippers, m

In a previous study of the
hydraulics of microtube emitters, friction
loss equations were developed.  The
relationships between pressure head H,
length L, diameter D and dischargeQ were
estimated by fitting multiple log-linear
regression equations. Minor loss (H,,) was
separated from total pressure head and
frictionloss(H;) equationswere devel oped
by fitting multiple log-linear regression
equations for different flow conditions,
viz.,turbulent, transitionandlaminar. The
equations obtained are:

Turbulent flow s
M]/4066.
H,= 0.00359 Em: L (=)

Flow in transition region

9] 146302

H;= 0.00397 ;_u . ©
Laminar flow

~1.22546
H= 000743 Sy | W
where

H; = friction head, m

D = diameter of microtube, mm

Q =discharge, 11

L =length of microtube emitter, cm

Generally, theaccepted averagedis-
charge rate per dripperis15- 101 h'. In
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the present study, it was observed that 3
mm and 2 mm tubes gave dischargerates
in the above range for al the pressure
heads. Very low dischargerateswere ob-
tained from 1 mm tubes and hence they
were not recommended.

Generally, in the case of close
growing crops, the minimum area com-
manded or irrigated by a dripper is 1
m?’. This means that an area of 4 m’ can
be |rr|gated with the distributor which
has four drippers. In such cases, the
distributor has to be positioned in the
centre of the 4 m” area it commands.
For this, it was seen that the minimum
length of inlet tube and dripper should
belm.

Even though many combinationsof
lengths, heads and diameters were tried,
only a few combinations that satisfied the
minimum requirementslisted below, were
sdected. Those are:
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Dischargerate : 1.5-101ha™
Minimum lengthof drippers : 1 m
Minimumlengthof inlettube: 1 m

The discharges obtained for different
combinations of lengths, pressure heads and
diametersaregiveninTables 1, 2and 3. The
sdected combinations are given in Table 4.
ThIS table glves discharge rates from 185 1
ha™' t08.781h™" per dripper. Thistablecanbe
usedasaguidelinefor thedesignof theKAU
dripirrigationsystem.
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