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ABSTRACT 
Kaepiqg 1 m .  &$ -m&m' &n the dry srrmn. & +dryL &$?&ti In niany 
e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a r r ~ ~ ~ i ~ i e d  out mhnuoly. 13e ;P$&i~re - of this project 
+ T & k ~ , & & i % ~ & ~ w ~ ~ e m  -lo ,irrigate as ~$q&fP. 8 i p ~ i n H e r t ~ e m .  - 
W$th : R% mt+&&e.@ -lit&ihb~m .wq k?es@~d~'fd&rjcated $-mz 1dtmzi~iz&r 

iaf& A &i%&mse pm&p&y wm-s~hzted to uc&'&ud@~3ahre hwds. 2% 

- 

TNTRQDUCTION 
irrigation .gen&lly:-is defined as -the-,application o f  water to the sag'-fbid;&%uiposef supplying the  
moisture essential f& d;plant.kow& (~ich&il, 1986). A sprinkler systefa:~8'oi'e~&e:liki'gationn rnsthodi'ii 
general application and .it can be defined as' a sysfem which develops. i:$Ggi&i&e .flow -of water under 

- pressure -in order to mppf y-he essential moisture -for ;plant growth.-- S@E~RG@?&~~ &good ..investment . 

when properly designed, installed, and - managed. The parts af dl sp~erl$%ms are similar in most 
I L ? . ? ~  :.-. rnspem. They consist of .the pump to provide fhe' needed pressure, the maiiiyTpelmes and !atads, risers and 

sprinkler heads (Vaughn, 1980). The sprinkler head is the most impoi&ni. hponefitbof sprinkler hiirrigation. 
Its operaring characteristics k d e r  opprhu& watw pressure and climatic hnditjo&, &ennine the suitability 
and efieiency of ths system. There are two major types of sprinkler h&ds! '&. rciw head and the spray 
head (ASAE, 200 1.1. Rotary heads move in a circular manner and t h r o ~ ~ w ~ ~ 9 i i ' f i ~ ~ r r ~ s t a r l c e s  than spray 
heads that throw water in a-rectilinear manner. Spray heads may further .be divided into two types: Impact 
Driving Heads which use the .stream of water &at throws t h , ~  q-rjnkier :patiktris to'%urnp .a spray .load. arm 
which dowly turns the sprinkler heads and Gear Drivm.Hea& in whi~bi4&t&~fiims a.serjes of gears in the 
sprinkler body causing,the sprinkler head.to rot2lte.h a slow manner (Tciath~rstong, 1985). Nodes  me used 
.to determine a fluid's flow rate thrbugh a sf,riakl&. The ISA 1932.r~6&$i@&?dk:vdoped in 41932 by .the 
d ~lternational Fedemtion pf :the- ~ a t i o d  'Standardizing Associatibn . '(ligfi , %&dd .byY*rhe 'htemational 
Orgadhat ion fo3~fandardization or (ISO) ($-X& 197 1). 

'7-"". .' . 
. . 

Materid Selection and ~ & t i n ~ ~ r e & u m  . -. . ._. ... .. 
,Makerials-for the construction of the:'kprUler head were selected based on 'a~&i&bi~i€y.ufrnater'i&l, pestan ce 
to cornsion, lightness, low coa, kngth-to-weight mtio a i d .  &&ilit)'; ' TXis is with a view of 
reducing the overall ,.cost of production. 'A1 miniurn was used for the f a h i d o n  of the body. stem, 'driving- 
noale, main n o d e  and o s c i l ~ a t i n g . ~ .  Stainless steel was used for the oscillating arm shaft, oscillating 

. arm spring and cotter pin. Brass was used for the cjdindxical roller bearing and plastic was used for the wear 
washer. 8 .  

':Desim Consideration, 
Silectioo of Pnnp - 
T'he',discharge aiid power were evaluated to select the pump. Centrifu~~l~pump' was -selected to ,operate the 
system. The pressure re~uired to operate the p'ump was calculated using pressure formula 
. P = h t g  - . 

Where 
P - Pressure (NlmZ) 
h -  = Pressure head (rn) 
E r Density of water (kglm3) 
g = acceleration due to gmvity (m/s2) 
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Design, Fsbdcstion and ~erlormnnce Evaluation ola Sprinkler System 

n Design 
This is part of the sprinkler head conpied to he-riser of the sprinkler system. it has the following 

:nsiorrs: height of Q.Mm, external diamper.of 0.065m. and cintral diameter of 0.045m. 

~ & k t i ~ ~ r .  
& : ~ d e s i ~ b & o ~ ~ e ~ j t  he.&ltitive motion bsbeen the stem and the.body of the sprinkler head. 
~ d i d d b h m &  was-se!ectedfmm mdeS: 

, - 
ltirrg Arm Shdt Design 
ing that the load due tothe w e i g ~  .opthe &oillatini&$:js uniform& distributed along the section of 
ft, it was designed for bending, .deBecfinn ahd &e&rf,$iie ta nbtain the diameter from the relation 
nd Akaairno, 2004). 

- S hafe diameter 
AIIowable shear stress for shaft 
Combined shock and fatigue factor applied to bending morn ent - - Combined shock and fatigue factor applied to torsional moment 

= Bending moment 
- - Torsional mamen: 
:election 
lesign involvss the relationship between force,. mrque, deflection and stress. 'The .ppe of spring 
for the sprinkler h a d  was helical spring. 

besign 
:le fabricated in this sprinkler system is a hollow cone type. Two types of noale  were incorporated 
~rinkler hed:  the driving nozzle called the spreader and the main nozzle called the range, These 
ave different diameters (Phocaides, 2001) . - - .- -- 
'abrication 
of material and production has been carefully considered in the material and process seieaion. 
.ve been made -to produce at a reduced cost. Therefore, the total cost of production wasW22,560. 

lnce 'Xvaluation 
e conducted on the sprinkler system to ascertain its performarice. According to American Society 

mineers SS26.a DEC 96, the purpose of system eval,ugipn was to determine the folluwing: En- 
: . -:ribittion Uniformip (%DU): Coeffjcieii of Uniformity (CU) a d  Precipitation Rate (PR). 
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Biscussion 
T h e ~ ~ ~ t . m s . ~ ~ i n  thc:moi%ing to pmmt  re e v & o n . o ~  .-.# - -,.. .:.-. && tbe coi~&urs. 
~ t 4 ~ u ~ ~  -.*& :*w;a..aa - df o;s ,6'* *& d>on-is'fie twd'sld*;:~th'e- lagrid, and -k&- 
row of the c o l l e e  was'25m-to the riser. The tempe&q -relati& hurnidityari~~wd veloci.ty was s a d  
while p e h i n g  the testing. Aqwrdhg to AS& Standard 200 1, t 3 minutes isL*u*pd-for the experiment 
on sprinkter system. .Mom~w, after the teahethe depth and volume of waters 4 collector was noted. - .  

ErperimentaI Data 
W o n  of Test: IWQ in Osun h e  
Date: 2C11h Qctak,  2a06 
Lateral l@: '2.511 
Dimetw of latad: 5 ~ m  
T ~ e . o f  sprinkler package: Impact me of.spmkJer system 

- N h i n a l  . . height ofaozle above ,mund, m: 1.5m . 

: -  " 
:1CEi&a5ict4tt&th~: 
''Mean-*d.vd: 3 4  mls . , 

.M&mwn widd sped: 3.7 d s  . 

,R-&~u temperatme: 26'~ 
R~lativehmiditjl: 80% 
'Co~ector'linenmbw: Two 
bheter of c01lect:or (Dc): 12(hnm ' 
h'bf&ltectorujenjng [Ac= 0.765 x DC~): 6955.81m2 m# ~ & ~ ~ ~ , O ~ ' C Q I I W ~ S :  I m 
$J&@&&%gfdWh were used in omnpuhg the resultr in the &le below: 
5~: .:&,,&&w wts usd-fgr the m1Iw:tofs . . . . 

$ ~ ~ ~ ' m ~ ~ ~ ~ s . d i r d - d - h m m  @ign&&m& 
3 ~ ' a d j u ~ ~ v o l u r n k ~ u a ~ ~ ~ e r u ~ ~ e c a u & r i n  earhcoll~~rplustheamounfdwatesthat 

evaporated firn.the consol collectors whilb water was 'in w i f i c  crdliector. 
i,e. Val = 5 + p, .t T, * 

4. T h ~ d p ~ i s ~ ~ . ~ d j f l s t e d v ~ l u m e d i v i d ~ b y r h e a m c r f ~ e c a l f e c t ~ f o p r s n i n g .  I 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Design, Fabrication and Performance Evaluation of a SprinMer System 

rformance Evaluation Results 

A INALYSIS 
Determination of percentage Disrribution 'liniformj~ (ND'J'j its formuis iz: 

nmgz 31U = e v e m e  catch in thz lower auartiie x 100% 
Average catch overall 

ige carrh avemll can bc computed from this formule 

9 J 1 ;  
r*l 
n 
973.5 

8.68 
stch voiurne below this average valuc is  in the lower quartilt range 
:rase, catch in thc lower quarti te 

5 -. 98.0 4 98.5 - 98.5 + 97.0 i 96.0 + 97.5 + 88 i 98 
- - -- 

9 
78 
*antage ofthis rnetkd of determining %DU is that ir treats under-waterins as the critizai elernen: bur .. . . 
~t t€:l us how big or severe the dry spot is. 

Detsrn ination of Coeficieni 07 '3niformity (CU) 
In be calzulated usins thc Chridiansen formula. 
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CUc = Christ iansen U n iformify CoeEcieni 
n = N urn bm of collecrors used in data anal y si+ 
v, - - Vol urn e of water collected in the ilh collector -. . -. 
T/ = ~rirhhctje avemg&tght by all oollcctors . ' .  

. . 

- - ., .. 1973.8 . - .-. -h ram- :. CU, -= 99.18 ,. ::gi. 

in ASAE,Standarb, f$lularch2001 
A'' - -. 

. .. 

L20x14.1655J 
CU = 83 
One limitation that CU has is that it.Qeats under-watering and overcwatering the same. 
(c) Determination of Precipitation Rate 
Its formula is 
Precipitation Rate (inchslhr) = Averant can d i n g  lmll x 3.66 

Test time (min) x entrance am to c a k h  cm (in.') 

PI? = 1 -33 inches i ha 
PR = 1.33 x 2.5 

CpNCLUSroM 
We cbr~clude. that the p i p W ~ o n  intensity of this sprinkler system was '3.325&r compared to the 
ekisting .one that'3as.a precipitation intens* of 25Qemh. The area covered by the sprinkler system was 
:about 1 5 h Z  a d  &is favMvabIy 9mpare-d wi&eximing ones. The aluminium used frjr this head made it 
Iigbta ad cheaper than the eXisting one that was either made from stainless steel or brass.'The average 
unifomity of '85 and pwenfage distribrition - d m i t y  of 90%: compared favourably with existing 
sprinkler sy ims.  
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