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ABSTRACT

This work completes an presented in the International Science-Practice Jubilee
Conference UACEG 2012 report [3], in which are evaluated: the experimental uniformity’s
determination by Christiansen of the artificial rain with classic field and laboratory trials in
circular rotating sprinklers and center pivot systems, the conditions under which the results
obtained by measurements of rain intensity i, mm/h in a finite number of points arranged in a
particular way surface, approach best to real continuous process over the entire irrigated
surface and the approach for the accepted standard schemes of the measure vessels
disposition by comparison with an exact simulated uniformity’s determination. In this work
complementary is obtained and included a simulated artificial rain quality’s determination -
intensity and uniformity, for a square scheme of sprinklers’ placement with an arbitrary
square’s size @, which may in many cases completely replace the field trials execution.

1. Summary, object of the study

In this research are obtained an algorithm, a logical bloc-scheme and program for
numerical simulated artificial rain quality’s determination — uniformity with the
Christiansen’s coefficient CU and variation’s coefficient Gy, the rain’s intensity i, its

average value i, and the discrete function i(S) of its distribution for ring rotated identical

! Boyan Boyanov, Prof. D.Sc. Eng., Dpt. “Irrigation and Drainage Engineering”, UACEG, 1 H.
Smirnenski Blvd., Sofia 1046, e-mail: boyanpetrovboyanov@abv.bg

39



Sprinklers, located in square scheme with known function i(7) of rain change’s intensity
along the length of the radius of action R, and arbitrary square’s side size a.

2. Formulation of the study

The formulation of this study is like to that in the reports [1,2,3].

It is accepted that:

- are examined working at the same time during one hour four identical sprinklers,
situated at the corners of a square scheme with side size a;

- is known (given) the function i(r) of rain change’s intensity on the length of the
radius of action R, obtained with experiments, accepted or recommended (examined), the
same for all sprinklers and is linearized by sections (m in number) with an equal horizontal
length;

- the rain’s parameters (of the functioni(7)) are constant along the length of the radius
R in the range of the complete sprinklers’ turning in 360° during all the sprinkling, therefore
the body of the rainfall over the surface’s S water volume V', m’/h is symmetrical toward
the axis of rotation and is not changing in the time, i.e. is excluded the wind’s influence, as
well as the shoves with the turn — Fig. 1;

- the rain’s intensity i/ and uniformity and the i distribution’s function are
determined for the square’s surface with volume of the fallen on him artificial rain, the same
as the volume, given by one of the four sprinklers where R < a (for the formation of the full
volume each of them participates with one quarter of its own given volume);

, i;ax =1, <1 and i(r), <1;

- the determined with simulated exact values of the coefficients of uniformity CU , of
variation Cv and the function i(S) of the intensity’s distribution i, mm/h of the fallen artifi-
cial rain are for fictitious measuring trial points (vessels) with accepted placement corres-
pondding to the standard square scheme from Fig. 2 for the realization of full field trials [6]
with n measuring points in line and » measuring points in square’s column, with total num-

ber n* of the measuring points — Fig. 3, taking into account the influence of n on the
precision.

- when are used relative quantities, then R, =1

I max
Tmax « =1

Rx=1

Fig. 1. Body of the water volume V; artificial rain fallen from a single Sprinkler on

the irrigated by him surface S,
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Fig. 2. Standard placement of the measuring vessels for square scheme as
GOST ISO 7749-2-2004 [6]

3. Succession and algorithm of the solution

The study is conducted in the following sequence:
Input data is the obtained experimentally, given (recommended) or accepted function
i(r), mm/h of rain change’s intensity i along the length of sprinkler’s radius of action R,

m. It is represented analytically, tabular or most frequently graphically and in the study is
linearized by sections with equal horizontal lengths along the radius R , devised in m equal
parts.

A right-handed coordinate system is introduced with axes x coinciding with the base
of irrigated square surface and beginning at the place of Sprinkler 1 in its lower left corner —
Fig.3. The side of the square is a, m, while using relative quantities a, =a/R 1is a

dimensionless number, indicating the ratio between it and the Sprinkler’s radius of action
(when R, =1, then a, = a). Accepted number of measuring points (vessels) is # numbers in

square line and » numbers in column with total number of points n* . The horizontal and
vertical distance between the vessels is a/n, as they are identified by the “coordinates”
(x,y) when x=1, 2, .., n—1, n and y=1, 2, .., n—1, n. For the first line these
coordinates are (1,1), (2,1), .., (n—L1), (n,1), for the second line are (1,2), (2,2), ..,
(n—12), (n,2) etc. With these coordinates are determined theirs relative radii x(1,1),
%(2,1), .., n(n,1), ... to the place of the corresponding Sprinkler. Of the rectangular triangle

with catheti x and y and hypotenuse the radius vector to this place (for Sprinklerl this is the
origin of the coordinate system) to each measuring point (vessel) is determined the
hypotenuse’s size which coincides with the radius # (x, y) to it.

In Fig. 3a-d are given the points’ coordinates and the calculation in cycles of % (x, y)
(in prepared program they are R(x,y)) separately for Sprinkler 1, Sprinkler 2, Sprinkler 3
and Sprinkler 4, taking into account their location to the introduced coordinate system, as

for sprinkler 1 R(x,y)=SOR((a/n*(y—-05)"24+(a/n*(x-0.5)"2),

for sprinkler 2 R(x,y)=SOR((a/n*(y—0.5)"2+(a/n*(n—x+0.5))"2), €))
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Fig. 3. Determination of the radii 7 (x, ) (in the program they are R(x,))) to

the measuring points (vessels) by theirs relative coordinates in the case of
separate action of Sprinklers 1, 2, 3 and 4



The intensities i.(x,y), corresponding to the measuring points’ coordinates, are
reading by the given function i () of rain change’s intensity on the length of the radius of
sprinkler’s action R, , which, it is stressed strongly again, is linearized by sections, parts (m
in number) with an equal horizontal length (or R, is divided in m equal parts!).

Figures 4a, b illustrate the relation’s deduce between the before obtained coordinates
%(x,y) of the measuring points (vessels) and their corresponding values ii[7 (x, y)] by the

linearized in parts (7 in number) function i(7). The values of i (i in dimensionless form)
at the section’s borders where the radius r increase, are i(1), i(2), ..., i(j), i(j+1), ..,
i(m) and i(m+1), as the lasts two enclose the m-th section (using relative quantities they
are L(l), &(2), ... etc.). The j-th section of i() (respectively of i (7)) is examined,
bounded by i(j) and i(j+1) with #r(x,y) inside in it, and corresponding intensity
ii[%(x,y)] of the linearized part:

- when i(j+1) =i(j), inside the section ii[% (x, y)] has the same constant value:
ik (x, )= i(j) =i(j +1), when i(j+1) =i()); 2

-when i(j+1) > i(j), ii[n(x,y)] is determined by the scheme of Fig. 4a;
-when i(j+1) < i(j), ii[rn(x,y)] is determined by the scheme of Fig. 4b.

() i(j+1)‘i(j)=H3U)Li(r,)—i(jj{ Zﬂ

Fe={j-1)/m
. pe—=
_Liim, 1im

‘(IJ) i(f'+1)
[ filrs (el
] |
iml i
i | m

Ra=1 =
=

Case congiderad i j+1)=i(])
iG] 1im
fifed—=i( L) =(-10m

= ()= e [iC L G )= (=10 m] +( )

Fig. 4a. Determination of intensity iif[7 (x, y)] in the case of section with i (7) increased

function when R, increases

The j-th part of i (%) in Fig. 4a, is examined. The catheti’s proportion of the two

dark similar triangles included into each other (leaded also at the side), gives:

il (x, )] = m.[i(j+ D) =i( DI = (G =1/ m)]+i(j), when i(j+1) > i()) . 3)
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Fig. 4b. Determination of intensity ii[# (x, y)] in the case of section with i (7) decreased

function when R, increases
The value of the intensity ii[# (x, y)] of Fig. 4b is defined as shown in Fig. 4a:
i[5 (x, )= m.[i(j) —i(j + DI/ m =k (x, )]+i(j+1), when i(j+1D) <i(j).  (4)
The zone of action of each Sprinkler is only from zero to 5 < R, and
iilr(x,y)]=0 for rn(x,y)>R.. &)

The fallen artificial rain’s fotal intensity ii(x,y) in each measuring point (vessel) is

sum of the obtained with eq.(2+5) aid four values of the different for each of situated in the
irrigated square corners four Sprinklers intensities, marked with i, (x,y) , as

4
i, (x,y) = Z i (x,)). (6)
k=1

The last part of algorithm includes calculation of the middle relative intensity i, .,

CU and Cv according to known dependences, written with the accepted in the program
symbols, as the number of measuring points (vessels) is c=n"2:

C C
. . . . 2
L < zlm,*_li,* z(lm,*_li,*)
Pe=—i,, CU=100[1-EF—— | C, =y=—o0u (7
mtoe ; b Clyy 5 4 (c—l).(im:k)2
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4. Logical bloc-scheme of the program

The presented in fig. 5 logical bloc-scheme of the prepared computer program
accorded with the developed algorithm, visually gives the computing operations’ succession.
It permits in the base of this algorithm to improve the research and develop also another
programs with analogical direction, possibly used another programming language.
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Fig. 5. Logical bloc-scheme of the computer program (first part)
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CU=100+(1-sdfimina2)
Cv=SaR(sd2/ima2(na2-1))

Display
“The results of calculation for ",

Display
"im="im, "CU=", CU,"Gv=", GV,

1400

Display
PGr= G Gy D= O
mvalue with",p," %, repeat”; pec/100,"points";

Displa
“ill you recefve the relative infensity j»
distribution function®? ITyes, then type v."

1410

Display,
"For:the given function ix() and...are received",
"im=", im, "CU="; CU,"Cv=", Cv,"and the i
distribution function has...discrete value points’,

46

“Gr=ri G- Gy ="
“value with"; p," %, repeat”, p-c/100,"points"

Display
“Gr="Gr - I = I
“value with":p/4;"%. in onlie 1 point"

Display
“grouped in"; Gr; "groups”

Displa
Wil you continue with another,
value oTn? Ifves, then type y."

Display
“Will you calculate the relative value Yeadd of
additional yield, result of sprikling and the sprinkling
effect coeficient CE?If yes, then type v

r e
“value with"; p;" %, repeat";p-c/100;"points”

Display
"Gr="1Gr; ISR
“yalue with"p." % " et/ 100, point s’

W

Display
“End of pragram®: END

1500 ¥ =

Display

"

*) For the continuation of the program see reference [4]

Fig. 5. Logical bloc-scheme of the computer program (end)



S. Program
The program SPR7.BAS is written in BASIC language.

10 CLEAR : DIM R(50, 50), j1(50, 50), 11(50, 50), j2(50, 50), i2(50, 50), j3(50, 50),
3(50, 50), j4(50, 50), 14(50, 50), ii(50, 50), d(50, 50), Yadd(50, 50), p(50), q(50)

15 PRINT "This program gives the values of Christiansen coefficient CU and the”
PRINT "coefficient Cv for the artificial rain's uniformity of deployed in"
PRINT "square scheme ring rotating sprinklers and center pivot systems"
PRINT "with given function i(r) of the rain changes intensity i, mm/h on the
PRINT "length of the radius of action R. (i and R are in relative quantities”
PRINT "R*=1, imax,*=1)."

20 PRINT " "
PRINT "The function i(r) is presented with a linear in parts approximation,
PRINT "the radius of action R is divided in m equal parts and the i(r) values”
PRINT "in their borders are i(j), j=1,2,....,m*1, in r increase direction.”
PRINT "Input m and i(j)."
INPUT "m=", m
FORj=1TOm+1
PRINT "i(";j; n):u
INPUT i(j)
NEXT j

70 PRINT "The irrigated square base and height are a.R, but R is presented in"
PRINT "relative quantity R*=1, or a.R*=a. Input a."

80 INPUT "a=", a
PRINT "The accepted number of measure vessels, situated in symmetric square”
PRINT "scheme in n ranges, n vessels in range, is n*2. Input n."

90 INPUT "n=",n:c=n"2:sim=0:sd=0:sd2=0

I110FORy=1TOn

120 FORx=1TOn

130 R(x,y)=SQR((a/n*(y-.5)"2+(a/n*(x-.5)"2)

150 NEXT x

160 NEXT y

170 FORy=1TOn

180 FORx=1TOn

190 FORb=-m TO -1

200 IF R(x, y) <-b/m THEN j1(x,y) =-b

210 NEXT b

220 NEXT x

230 NEXT y

290 FORy=1TOn

300 FORx=1TOn

i=il(xy)

310 IF i(j + 1) = i(j) THEN il(x, y) = i(j)

320IFi(j + 1) <i(j) THEN il(x, y) = (i(j) -iG+ 1)) *m * j/ m - R(x, y)) +i(j + 1)

330 IF i(j + 1) >i(j) THEN il(x, y) = (i(G + 1) - i(j)) * m * (R(x, y) - j - 1) / m) +i(j)

340 IF R(x, y) >= 1 THEN il(x, y) =0

360 NEXT x

370 NEXT y

tR)
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380 FORy=1TOn
390 FORx=1TOn
400 R(x,y)=SQR((a/n*(y-.5)"2+(@/n*(n-x+.5)"2)
420 NEXT x
430 NEXTy
440 FORy=1TOn
450 FORx=1TOn
460 FOR b=-m TO -1
470 IF R(x, y) <-b/m THEN j2(x, y) = -b
480 NEXT b
490 NEXT x
500 NEXTy
560 FORy=1TOn
570 FORx=1TOn
i=i2x,y)
580 IF i(j + 1) =i(j) THEN i2(x, y) = i(j)
590 IF i(j + 1) <i(j) THEN i2(x, y) = (i(G) -iG + 1)) *m * (j / m - R(x, y)) +i(j + 1)
600 IF i(j + 1) >i(j) THEN i2(x, y) = (i( + 1) - i(j)) * m * (R(x, y) - j - 1) / m) +i(j)
610 IF R(x, y) > 1 THEN i2(x, y) =0
630 NEXT x
640 NEXT y
650 FORy=1TOn
660 FORx=1TOn
670 R(x,y)=SQR((a/n*(n-y+.5)"2+(@/n*(n-x+.5)"2)
690 NEXT x
700 NEXT y
710 FORy=1TOn
720 FORx=1TOn
730 FORb=-m TO -1
740 IF R(x, y) <-b/m THEN j3(x, y) =-b
750 NEXT b
760 NEXT x
770 NEXT y
780 FORy=1TOn
790 FORx=1TOn
i=i3x,y)
800 IF i(j + 1) =i(j) THEN i3(x, y) =i(j)
810 IF i(j + 1) <i() THEN i3(x, y) =(i(¢) -iG+ D)) *m* j/m-R(x,y)) +i(j + 1)
820 IF i(j + 1) >i(j) THEN i3(x, y) = (ij + 1) - i(j)) * m * (R(x, y) - (j - 1) / m) +i(j)
830 IF R(x, y) > 1 THEN i3(x, y) =0
840 NEXT x
850 NEXTy
860 FORy=1TOn
870 FOR x=1TOn
880R(x,y)=SQR((a/n*(n-y+.5)"2+(@/n*(x-.5)"2)
900 NEXT x
910 NEXT y
920 FORy=1TOn
930 FORx=1TOn
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940 FORb=-m TO -1

950 IF R(x, y) <-b/m THEN j4(x, y) =-b

960 NEXT b

970 NEXT x

980 NEXT y

990 FORy=1TOn

1000 FOR x=1TOn

J=j4xy)

1010 IF i(j + 1) = i(j) THEN i4(x, y) = i(j)

1020 IF i(j + 1) <i(j) THEN i4(x, y) = (i) -iG+ 1)) *m * (j/ m - R(x, y)) +i(j + 1)

1030 IF i(j + 1) > i(j) THEN i4(x, y) = (i(G + 1) - i(§)) * m * (R(X, y) - j - 1) / m) +i(j)

1040 IF R(x, y) > 1 THEN i4(x,y) =0

1050 NEXT x

1060 NEXT y

1100 FORy=1TOn

1110 FORx=1TOn

11201i(x, y) = il(x, y) +12(x, y) T 13(x, y) + 14(X, y)

1130 NEXT x

1140 NEXT y

1160 FORy=1TOn

1170 FORx=1TOn

1180 sim = sim + ii(X, y)

1190 NEXT x

1200 NEXT y

1210 im=sim/n" 2

1230 FORy=1TOn

1240 FORx=1TOn

1250 d(x, y) = ABS(ii(x, y) - im)

1260 NEXT x

1270 NEXT y

1280 FORy=1TOn

1290 FORx=1TOn

1300 sd =sd + d(x, y): sd2 =sd2 + d(x,y) * 2

1310 NEXT x

1320 NEXT y

1330 CU=100* (1 -sd/im/n"2): Cv=SQR(sd2/im"2/(n"2-1))
PRINT " ", "The results of calculation for"
PRINT "m="; m, "a="; a, "n="; n

1340 PRINT "im="; im, "CU="; CU, "Cv="; Cv

1400 PRINT " "
PRINT "Will you receive the relative intensity i* distribution’s"
PRINT "discretized function? If yes, then type y.": PR§ ="y"
INPUT PROS: IF PRO$ = PR$ THEN 1410
GOTO 1440

1410 PRINT " ", "For:"
PRINT “the given function i*(r) and accepted”, “a="; a, “and n="; n
PRINT *“are received”, "im="; im, "CU="; CU, "Cv="; Cv, "and"
PRINT "the i* distribution function has the next discrete value points:"
PRINT "nn



q=n/2
IF q—INT(q) >0 THENq=n/2-.5
PRINT "n="; n, "q="; q, "c=n"n="; c; "points"
1420p=4*100/n"2: Gr=0
FORy=1TOq
x=y:Gr=Gr+1
PRINT "Gr="; Gr; "-ii("; x; y; ")="; i(x, y); ""; "value with"; p; "%, repeat in";
p * ¢/ 100; "points"
NEXTy
1425p=8*100/n"2
FORy=1TOq
FORx=y+1TOn/2:Gr=Gr+1
PRINT "Gr="; Gr; "-1i("; x; y; ")="; 1i(x, y); ""; "value with"; p; "%, repeat in";
p * ¢/ 100; "points"
NEXT x
NEXTy
q=n/2
IF q — INT(q) > 0 THEN 1430
GOTO 1440
1430p=4*100/n"2:q=q-.5
FORx=1TOq
y=q+1:Gr=Gr+1
PRINT "Gr="; Gr; "-ii("; x; y; ")="; i(x, y); ""; "value with"; p; "%, repeat in";
p * ¢/ 100; "points"
NEXT x
Gr=Gr+1
PRINT "Gr="; Gr; "-ii("; x; y; ")="; ii(x, y); ""; "value with"; p / 4; "%, in only 1 point"
PRINT "grouped in"; Gr; "groups."
1440 PRINT " ", "Will you continue with another value of n? If yes, then type y."
NUS§ ="y": INPUT NUUS: IF NUU$ = NU$ THEN 90
PRINT "Will you continue with another value of a? If yes, then type y."
NY§="y": INPUT NYYS$: [FNYY$=NY$ THEN 80
PRINT "Will you continue with another values of m and i(j)? If yes, then type y."
NZ§ ="y": INPUT NZZ$: IF NZZ$ = NZ$ THEN 20
1450 PRINT " ", "Will you calculate the relative value Y-add of additional yield,"
PRINT "result of sprinkling and the sprinkling effect coefficient CE,"
PRINT "using a given/accepted relation water-yield? If yes, then type y."
NOS$ ="y": INPUT NOOS$: IF NOO$ = NO$ THEN 1500
1460 PRINT "End of program": END
1500 PRINT " "
— for the extension of program see reference [4].

Example. With the program SPR7.BAS to determine the values of the average
relative intensity i, «, of the coefficients of uniformity CU and of variation C, in both

irrigation with four equal sprinklers, disposed in square scheme with the following data:
m=5, jx«=1, Hx=0,6, i5,=0,5, iy»=0,7, is»=0,4 and ig. =0 for n=5, n=10,
n=20, n=30 and a.=1,20, a, =141, a,=1,60 (for a,=1,60 remains no irrigable
surface in the square center).
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The results are given in the next table:

n=>5 n=10
l.m’* CcU CV im,* cU CV
1,20 | 0,9613925 79,86184 | 0,2446630 | 09543338 | 80,23720 | 0,2349343

1,41 | 0,6661603 | 78,18231 | 0,3235111 | 0,6911848 | 76,38774 | 0,2981980
1,60 | 0,5416602 | 75,84406 | 0,3354326 | 0,5389464 | 74,73506 | 0,3455425

A

n=20 n=30
im,* cU CV im,* CU CV

1,20 | 0,9538174 | 78,81630 | 0,2374206 | 09541857 | 79,08933 | 0,2369870
1,41 | 0,6912891 | 76,25793 | 0,2902335 | 0,6910858 | 76,09603 | 0,2892130
1,60 | 0,5366849 | 75,15692 | 0,3439500 | 0,5364982 | 75,14490 | 0,3437097

Ay

The data analysis from the table been shown that a full quality’s valuation of the
sprinkling with ring rotated sprinklers on the yields and for optimum effect should be
considered complete:

- the artificial rain’s uniformity with the Christiansen’s coefficient CU (or with
another analogical of him coefficient of uniformity [5]),

- the average (middle) rain’s intensity i, . and

- the discrete function # (S, ) of intensity # distribution on the sprinkled surface S..
At the same high value of CU , but at a lower value of i, . the net (final) effect of

m,*

irrigation is lower.

6. Conclusion

For Sprinklers disposed in square scheme in the study is given a numerical simulated
artificial rain quality’s determination of uniformity with the Christiansen’s coefficient CU
and variation’s coefficient C,, of the rain’s intensity i, and the function i(S) of its
distribution for ring rotating sprinklers for known (given) function i(») of rain change’s
intensity i on the length of the radius of action R and for an arbitrary side size a of the square.
In many cases this determination may completely replace the classic labor-intensive field and
laboratory trials execution with a limited number of measuring points. It can also be searched

in advance a suitable function i(r) for the desired values of CU, C,, I, and effect of

irrigation.
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CUMYJAIMOHHO U3CJIIEABAHE HA KAYECTBOTO HA
N3KYCTBEHUSA ABXK/I ITPU PA3IIOJIOXKEHU B KBA/IPATHA
CXEMA KPBI'OBO BBPTALUU CE AbKIOBAJIHU ATIAPATH

B. Bosinos!

Knrwuosu dymu: ovorcoysane, kauecmeo Ha U3KyCmMeEeHus 0vbiico, K8AOPAmHa cxemd,
CUMYIAYUOHHO YUCTIEHO U3CTe08aHe

Hayuna oénacm: xuopomenuopayuu

PE3IOME

Paborata momwiBa mokian [3], W3HeceH Ha MeXAyHapoJHAa HayYHO-IIPUIOXKHA
koH(pepennus YACI2012, B KOWTO ce OICHSBAT: ONMPEICISTHETO C MOJICKH WM Jab0opaToOpHU
OIUTH HA PABHOMEPHOCTTA Ha M3KYCTBEHMS IBXKA 110 XPUCTHAHCEH NPU KPBrOBO BBPTAIIN
ce IBXKIOBAJHH arapaTd W MallWHH, YCJIOBHATA, MPH KOUTO IOJTYyYECHHUTE PE3YJITATH UpE3
U3MEpBAaHUS HAa HMHTCH3UBHOCTTa Ha 1Ibxjaa i, mm/h B kpaeH Opoi pas3moOXKeHH IO
OIIpeJieNIcH HaYMH TOYKH Ha IUIONITa ce MPHUOIMKaBaT Hail-100pe 10 peaHusl HEMPEKbCHAT
IpoLec BbPXY IUIaTa HAIOsIBaHA IO U MPUOIIKEHHETO 33 MPUETUTE CTAaHJAPTHH CXEMHU
Ha pasIojiaraHe Ha MEpHUTE ChJIOBE Upe3 CPABHEHHE ChC CUMYJIMPAHO TOYHO OIpEJIEIIsTHE Ha
paBHOMepHOcTTa. Tasu paboTa JOIBIHUTEIHO BKIIOYBA CUMYJIMPAHO YMCIEHO OIpeJelIsHe
Ha Ka9eCTBOTO Ha M3KYCTBEHHMS KT — MHTCH3UBHOCT M PABHOMEPHOCT 3a KBaJIpaTHA CXeMa
Ha pasloyaraHe Ha JBKAOBATHUTE anapatd MpU HPOU3GOAHA 20JeMuHd HA CTpaHaTa Ha
KBajpara, KOETO OIpEe/eNITHE B PEAWIIa CIIydad MO)KE HAITBIHO J1a 3aMECTH IIPOBEXKIAHETO
Ha TIOJICKU OITUTH.
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