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Effects of transmission pipe slope on PVC pipe drip irrigation

flow
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' Diepartment of Civil Enginesring, Faculty of Engineering, University of Matamm
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Abatract. Agricaltural activibes on shboping land need to be supported by an adeguate bmigaton
syslem such as efficient drip brrigation. This stady ains o determene ke impact of the slope of the
drip Wrigation tramsmssion pipe on the uniformity coeffickent and voluime of imgation flow. The
etidy wsed a PYC deip inrigation nerwork, The drip bole spacing was 60 am watk o diameter of 0.3
mim and a irapsmission network pipe wing GLZ-inch FYC and rmgation water source from a 200-
Liere capaeuly af the waver 3.3 m bigh. The slape (ah of the test ramsmission plpes 100, 200, 307 and
40° and varsatsons of the water herght i the tank of 20 cm. ey, and 40em. wath 1. 3 and 5 mmutes
of drippirg time, Dintn analyred on unifminy coefficient (Cul, the relationship between the slope of
the transmission pipe and the distribations irigation. The test resuslts show that a= 0% 207 and head
30 om - deny have the best performance with droplet uniformity above 80%, Vaniations in the slops
of the ranamission pipe and the disiribaion of drip imigation fow kave o pelynomial regression
relatbonship wiih an avernge R-value of (16— 0,599,

1. lmbroduetion

Utilizing flat or shping land conditions 15 very mportant for the agriculoene and ragation development of
dry land because it wall reduce the cost of farming. Utlize land wah sloping conditions amd withowl
reforms of formation mio (al land s expected to Gecibitate syncultural activities on dry land. Therelore,
Lhe= c:.phil:[‘inu ni'xlu;lmg ey land peeds o be supported by an eflicient im_u;.a]:l:m system such as a drip
system. The commonly ficld constraints are rarely foumd in ideal conditions, where the potential
availability of land have supported by the availability of adequate water sources for famming. [n coping
with the limitation of water resounces, it 5 necessany (o encourage the efficient use of the limited water.
So that agncubural sctivities can be camed out and provide benefits. The unilization of solar eneroy as a
substibne for eleciricity in deep groundwater pumps with PVC dip irfigaten has bad applied mothe NTH
provinge, namedy in the dry land of Pringgabayea, and the results of the avemge drip imigation uniformity
arg T2% [1]. The research land is a hillside that 1= processed mio flat plots so thot fests on dry land with
sloping conditions need 1o be camied out 85 a comparison later.

Drig imigation applications have used many fabricated drip pipes produced by factorics on flat plots of
land for tomato farming of 2.5 acres, showing that the avernge irnigation wndformity (CL7) is above 80%.
The average discharge wsed for each imyation is 0,14 litressecomd, with the avermge volume of waler
used 15 2595 litres [2]. So that funther studies need for the development of existing land uses and withowl
having 1o go through excessive land management.

mfwanmm stk miay b used under de 1enmm of e d Tealie Commons Anibanis 30 licamce, Ay Tuomher dis s
o thes woik mie disdimiain anmbotioen o the sahore) sed tee ke of the work poumal cnaros and DOl
Pebilished unsler Bocnoe by 108 Puldizhiig Led 1




ISCEE 2021 KOF Publishing
M Conf. Series: Earth and Environmeital Sceence 871 (20215002036 dol: 101088 1755 1 31SETL 1012036

The influence of vanatons in the transmission pipe slope on its ani fermity has also been camed out by
thie previous rescarchers, on perforated irigation systens. And the results show that the uniformaty
achieved is perting smaller if the slope of the transmission pipe is getting bigger. The minimum uniformity
(CL) wabue is B3%, and the highest CU value = 91%{3] Based on the test results, if a dnp irrigation
syslem has slope vanation, i may show a different phenomenon and benefil of using dop imgatson for
agmculiere on sloping land

Research on the effect of vanations m the slope of the fransmission pipe on the outpat of drp line drp
imigation shows that the greater the slope of the tronsmizsion pipe, the greater the discharge used The
s immm i formity of the previows study obeamed 94% and %2% at o pipe slope of 107 at & transmission
pipe slogee of 10° and 0%, respectively [4].

Testing the eflfect of vanations m the deance between the Bteml dop pipe on imigaton usi formaty
has been carmad out with a duration of 5 mamwes, showing the unifomity coefTicient obtnned 15 94%
00 and is included in the good performance category, The highest CU oblained al a lateral pipe
distance of 0.3 m @ Qp=046 15, which is %7%, while m a distance between laterzl pipes | m at
OQp=0301s, the CU is 94.6% [3]. Good unifermity of drip irfigation & one of the critical factors that need
to b mict by a drip ivigation system, and thensbore it i the aim of this study,

By wing several variations of slopes and variations in the depth of cenain wwer water fevels, it is
hispeed that there will be a descrption of the use of drpling drip rngation on sloping land. For this reason,
this snady aims v determine the effect of vanatons in the shope of the inasmission pipe on the uniformity
of imigatien and distribution of dng irigatson and to find the relationship betoeen vanations m the slope
of the transmission pipe and the volume distribation of drip imigation type dripline.

2, Mueithod

This research is experimental m the Laboratory of Hydraulics and Ceastal Engincening, Engmocrng
Faculty, University of Matarmnm. The research activity was comducted in three stoges as folkows a
liferature study, preparafion of materials and wools, and design the imgation network systems and waber
sources and testing. The testing activities can be described ps follows,

2.1, Preparaiion slage

Collecton of lermwne and releences that fomm the lasis of theory, preparation of wals i the fomm of
pipe dnlls, water tanks. The frame of the water reservorr made of bambaos has a heght of 3.3 moand the
capacity of the water reservoir is 20 lires. The preparation of 4 PVC prpes that were wsed as matenals
for drp rmigaten transmission networks. The distance of the dopper and diamseter 15 about 60 cm and 0.5
mum, respectively. The distribution chanmsel was made by a PVC pipe of 1.27 cm in diameter (12 inch) and
8 transmission pipe length of 3.3% m. The variations of the ransmission pipe slope were sbout 107, 207,
30 and 40 and variations in the height and depth of the reservoir water level consist of 10 cm, 20 cm and
30 cm. The top view and side view of the drip irigation setwork with water reservoirs can be seem in
Figure | and Fagure 2.

2.2 Test stage

This test begins with a preparatory test, namely the flow test of variations in the depth of the reservoir
water and testing for vanations in slope. After the test is compleie and ready, then proceed with further
tests for data colbection. The test is carried out on vanations in the skope of the fransmission pipe frst, then
the selection of variions in the depth of the reservorr water is 20 cm, 30 cm, and 40 cm., By this step, the
dripping uniformity data is taken three tmmes for all tmnsmission pipes for each test variation, Eoch data
collecied 15 then tabulated and preparcd for further analyss, Testimg and retrieval of fest resubts data then
were carried eut for all variahons tested.

(=]
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Figure 1 Site plan of drip irigation network Figure 2 Sude vaew of dop line dop imigatsn
nelwirk

23 Date arerlvsis shoage

Diata analysis was carfied ot on the drvigation uniformity value using the Christiansen formulation [5],

analysis of the dstribation of irigation water for each drip pipe and analysis of the relationship berween

irrigation vniformity and the slope of the transmission pipe. The drogy uniformity then classifbed using

ASEA criteria as presented in Table | [7].

Table | CU criteria fior drip imigation system according to ASEA

Criteria Btatistical Coefficient af
Unifarmity (L} Unifarmity (L)
Very gouod Q5 [P 04, -1 00%
Cipod HE0- 0P, BI%-H7%
Pretty good TR0 AER-T5%
Bad 65ee-T0% S6%-62%
Mot feasible <l <&y

3. Resulis and discussion

3. Effect of varistian of trevsmission pipe slope fa) onte the distribrtion of deip irrigation velume ()
The relatbonship between the volume of waler released by the whobe nozele 15 essential 1o be measured
becanme 1 indicates the performance of the drip imgation system, Therefore, i1 13 necesary 1o know the
effect of slope of the ransmission pipe varations as a repeesentation of the slope of the land that
distributes wrigation water. The regression line is then modifed to see the relationship between the tao
wariables above 1o meet the resulis of this study can be more widely applicd. The founding of the analyses
was cammied out the relatonship between slope and irrigation volume distrbwten (v o deipper pipes 1o
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4 by a polynomaal relationship.

S0 Effect of vartatfon of irassiission pdpe slape Go) o delp plgse 1.

The resulis of daia analysis on the disinbution of drp pipe | in the form of a polynomial regression graph
that produces an R-value above 0.5, namely the vanation of the reservoir water depth of 30 crmand 40 cm,
are shown in Figures 3 to 4, In the variation of reservorr water depth h; 20 cm with a head of 283 om, with
B 0,727, while in the variation of resenooir sater depth by 40 cm owith o bead of 293 om, the oblaimed B
0,997,

iR 2500
.o
- 1500 . | S "_H'IHI .""'"i.
= Ul ¥ g F 1500 T
E wan = o0
= = < T+ 2 TREGy « 107, 36 |
* sa0 7 ' m:ﬁﬁﬂ;h ’ sup [—y=R003s + 80N Tx 421159
i RY= 09947
IN1] LI}
L] 20 40 [ LU el Ll 50
Slope o Slope u
Figure 3 Relationship vi and o at b Figure 4 Relanonship vi and a at by

Hence, the vanation of slope (a) and voleme of irmigation produces a very high polynomial regression
comrclation cocfficient, where the increase or decrease in irrigation velume related to the increasimg and
decrcasing in the slope of the ransmission pipe follows the polynomeal curve. With the increasing value
of the pipe slope, the amgation volume tends to decreases in drip pipe 1|, which is closer o the water
soTCe,

A2 Effect of variation af ransmission pipe slope o) oo drip pipe 2. The test resulis of the influence of
winations of transmission pipe slope on dnp pipe 2 had fipared out in the gaphs i Figore 5 and Fgure 6
The value of the determinant B of B the megression relationship between slope and irrigation volume
shivws a polynomeal regression relatonship. The magnide of the devermuinant value and the comrelation of
the two parameiers derives o cone lusion.

200.0 300.0
. .
150.0 I 23500 =
= ) 2000 e T T
E 0.0 ¥ = D027 Ix" - 284 T = | 46,52 = 1500
= R =ikl = 1000 y = (LOR I 2x? - 300475 + 261.74
E e 3
SO0 s R = 08821
L L]
il W Slopea 40 60 i M Slopea 40 i}
Figure 5 Relationship vi and a at by Figure 6 Relatonship vi and a at by

The relatnshap of the angle of the tmnsmission pipe o the velume of srmgation waler (vi) produced
shows o polynomaal regression relationship, with an R-value greater than 005 obtaimed ot o reservoir soater
depth of h: and hs. The polynomial regresseon graphs obtained in Figure 5 and Figuee 6 have a vahee of R
0,781, respectvely, at the reservoir water depth by and by, the value of R 0939 50, based on the value of
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the determinant amd its cormrelafion coefficient, the polynomial regressson relabionshap between slope
variation and irrigatson volume has a strong relationshap, The higher the slope of the transmission pipe, the
larger the irmgation volume.

A 03 Effect af variation af frassmission pipe slope (ol on dreig pipe 3, Based on the resilts of the analysis
produced in graphical fonm, it has known that all graphs show the tendency of the relationship between the
wolume of drip mmigation o the slope of the transmission pipe i a polynomial relatiomshgp. The
polynaminl regression relationship with the resulting graph has shown in Figures 7 o0 B and explamed as
fiollows,

2500 L]
L] 25000
1 e e
_ o —— man P—— .
F 1500 = e 3
= » : - v (L7 + QLETIRR + IRG.46
= e (kiHA2xT - | 2256 164,49 3 'm0 i
y = (a3t - | 32k + 164, F aop
i RY = 04213 ;
oo L]
i 20 0 &0 L] 20k Al L]
Slope o Slape
Figure T Relatonship v and a at by Figure 8 Relatoidhip vi and a at b,

The reservoir water depth hil has a bead height of 273 em, produces B 006489, An the vanations in
reservoir water depth hs, has a head height of 283 em gives B 00632, while at a head variation of the
reservoir water depth by of 293 cm obtain B 00706, S0, the variatons of pipe slope and the average
irrigation volumse (vi) show a sirong relatsonship i polysomial regression. The graph of the paramseter
relatiomship has figured owt in Figure 9, where there is o decrease in the average imigation volume (vi)
with the mcrease m the angle of inclmation of the tmnsmission pipe.

eI

2500 .__,..’a----“l.

250, F—
. i =
E 1500 v L | MR+ 216 ]
‘= WA R = D42

LE

Ll
i 0 &0 ]
Slope o

Figure 9 Relanonsbip vi and a at he

A b4 The effect of variations in the slope af the ransmiscion pipe fa) on the drip pipe 4. Bated on the
analysis resubts in graphical form, it has known that the relationship between mmgation volume and the
slope of the trunsmission ppe has a pobynamial regressaion relatonship bazed on the determmant values of
R presented in Figures 10 to 12,

Al a water depeh variation by of 20 e and the head height of 273 cm. obtained B 0828, At a head
higld of 283 cm (water depth vanatbon by 30 em) obtained B 097 and at a head 293 cm {vareations n
water depth hy 40 com) oltained B 00998, So, the variation of the shope and the resulting irigation volume
las a very high comrelation nember of & polyiomial fegresion.




ISCEE 2021 KOF Publishing
M Conf. Series: Earth and Environmeital Sceence 871 (20215002036 dol: 101088 1755 1 31SETL 1012036

Based on the resulis of the graph analysis of the polynomial relationship between the average volume
of drip rrigation and the variation of the slope of the transmission pipe, the overall graph test results show
that the greater the angle of inclination of the transmission pipe, the greater the volume of drip imigation
water produced on averapge.

A0 .
. -8 -“.‘-".1
0L —— o .
= .0 - - i L g ot
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= 1 R? = 0AR58 = B
0.1 :
) . # = 0.0
Slope o i M Siopea 4 =
Flgure 10 Relationship vi and a at by Figure 11 Relationship vi and u at b,
U001
ﬂﬂ -._,'.-' ..... i ]
o
== s = DS MRS + 461 Thx + 797 30
20010 ¥
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0 10 Bt 0 o t
Slope o

Figure 12 Relationshap vi and o at hs

A2 Uniformiéty of drip ferigation to the slope of the ransmiscion pipe

120 Uniformity of deip frgtion at 1P transmission pipe aloge. The resalis of the dop irigation
uniformity m using a 1o pipe slope and a head height of 273 cm, 283 cm, and 291 am amd three
vanations of test time, namely | minuie, 3 minutes and 3 mimuies, can be seen in Table 2. At a low head
on hl, the results of CU vales are low, under 80% on average. The higher the water level heads, the
bester the CU. The highest iwigation uniformity obtaimed st 10F slope pipe, namely at the highest bead
hight of X3 com with a value above 82%, and according 10 ASEA, is classified as a gond performance
(7}

Tahbe I Average uniformity of drp imigaton at 107

Time {minwies) Average Cu value (%)
h =273 em h=253 cm h=293 em
1 T, 11 73,86 82,02
71,02 TEET g5.92
5 #3,37 H7.0 B, 43

However, for sach measurement durafion, the results of the wniformity valse are higher when the head
is higher. Compared w the CU values achieved by the perforated irvigation system, the resulis of this drip
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study obtained a higher valwe, The perforated imigation system has o CU value moge of 85% o 91% [3]
In addition, the umiformity of drg irrigstion is obtained higher with increasing head beight i the
reservoir.

122 Uniformity of drip rrigation o 207 paemission pipe, With variabons m the slope of the
transmission pipe 20" and varintions m water depth b1 10 by, the hend height is obmining in Table 3. With
n head height of 273 cm to 293 cm, the LU value is ivcreasing. The averpe value of CU s above 82%.
So, the mcrease m the slope of the tmnsmission pipe hod greatly offected the wiformity of the dnp
irrigation pipe of the FYC dnp line system.

Table 3 Average uniformity of dop irigatsen at 20%

hd=223¢cm  hs=233 am =243 cm

| Tl El.n2 H1,E54
3 846 7945 91,49
2 5,60 BEgd 3030

Based on the results of this test, i is still possble to obam a higher uniformity above 807 than Mat
land conditions, which 15 only 72% of the test resualts [ 1], 5o, this system has o very potentinl development
i the futwre & a shoping land imigation system. According 1o the ASEA criteria [7], the uniformity
obiained in this study indicated a good performance with the avermge of CLU valwes is more than 85%.,
Therefore, it 18 possible to inerease the value of irmgation uniformity to be close to the wni formity of the
fabricated drip pipes [2].

3.2 3 Ui ity of H'I"I:P irrgalion ai o fronsmission pipe stope of F0°

The results of the uniformity analysis on the variation of the tansmission pipe slope of 30%, head height
173cm, and the water depth of the reservoir is 20 cm above the outbet shown in Table 4 below. Dealing
with the test resulis ar a 30" slope on a shoping ransmission network also shows good uniformary resuli
walues i sbove B0%, that it is beter than if compared to a fla lasd condition, which is only T2% of the
test resulis [1]. S0 ot is possble 1o produce a higher uniforminy value such as a Gabricated dop pipe with
thie CU average valive above 80% [2]. 5o, this system s the potential o be funher developed.

Table 4 Average uniformity of drip immigation at 30° slope

Time {minuies) Averape Cu value (%)
h=1T3cm hy=183 cm he=1%3 cm
1 7742 T7,0% ®, 10
3 BT &4 BG ER LB
5 HE.45 &340 4

The umelormaty (CL) of dop irogaton has an average resull above 82% for variations in water depth e
above the outlet and bead height 183 om, while variations imowater depth by with a head of 193 am gave an
average CL value above 5% Based on the resull, the unilomity value obtained from the study was
classified good calegory according 1o ASEA [7].

324 Unifewmtty off deip irrigation on the slope of the transaniision pape 407 The resalis of the analysis of
tle uniformity of drip irvigation on the variation of the 40° ransmission pipe slope obtised a head height
of 18cm al o vanatioa of the reservoir water depth of 20 cm above the outlet with the uniformity of drip
irrigation obtained an average of 800G and above. For more details, see Table 5. In varistions in the depth
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of the reservoir water bz and b with a bead height of 128 cm and 138 cm, the average wniformity value of
drip irigation obtained was aboat $3% and above, and the CU value was good according to ASEA [7]. So
bascd on the resuls of the unifonmity data analysis that has been camied out. in gencral, the uniformity of
the uniformity value obtaived decreases with the increasing slope of the transmaissaon pipse.

Table § Average uniformity of drip irrigation at 40°

 Time (minules) Average Cu value (%)
bige =118 cm hy =18 cm hyz=138 cm
1 6l 50 75097 74,82
3 B3.55 BdhE 25,06
5 25,16 K7 .29 BR,TH

4, Conclasion

I, The test results show that ot the slope of the tmnsmission pipe 107 and 20%, and varistions in the depth
of the reservoir water he=30 cm and h;=#0 cm, the average drp imgaton aniformity s above B0%%,
that classified as good.

2. The relationship between the slope of the transmission pipe and the flow distnibution of drp imigation
genermlly shows a strong relationship in pobynomial regression, where the average R-value is 0.6 o
o,
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