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Studies on the Factors Interfering the Rate of Flow
through Pipe Network.

—— The field test using polyethylene pfpe e
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Summary

Model test was carried out to make clear the factors which affected the rate of flow throu-
gh a pipeline network for irrigation.

The model of pipeline network was made of polyethylene pipes and the scale of model
was one fifth of the practical size.

It was found out that the rate of flow through the irrigation pipeline network was
affected by the location of feed tank, the number of opened hydrant, the interrelation
between the unevenness of piping and the quantity of mixed air, and the interrelation
between the location of feed tank and number of opened hydrant.
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Fig. 1  Model of pipeline network.
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Table 1 Tactors interfering the rate of flow.

Factor Mark . Level -
1 | 2 | 3

Ist factor

Number of pipeline network A 1 2

Unevenness of piping B even uneven
2nd factor

Location of feed tank

(1 network) C a b aand b

(2 networks) C’ a b aand ¢
3rd factor

Number of opened hydrant D 13 3

Alr injection D) without with
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Fig. 2 Interaction between factor of three levels and factor of two levels.
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Fig. 3 Lineargraph of orthogonal arrangement.

Table 2 Out let of factors.
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Table 3 Conbination of three levels.
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Table 4 Establishment of conditions for experiments.

Experiment Number of Unevenness Location of | Number of Air injection
pipe network | of piping feed tank opened hydrant
1 even a 13 without
2 i ab 3 with
3 b 13 without
4 uneven b 3 with
5 uneven b 13 without
6 b 3 with
7 2 ac 13 without
8 even a 3 with
9 a 3 without
10 uneven ab 13 with
1 ! b 3 without
12 even b 13 with
13 even b 3 without
14 b 13 with
15 2 ac 3 without
16 uneven a 13 with
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Table 5

The difference between the maximum and the minimum discharge among the

opened hydrants,

Maximum Minimum . Transformed
. . Difference
Experiment discharge discharge value
(Gmnx) (Amin) {y?) ()
cefsec cefsec ccfsec
1 418 183 235 126
2 583 546 37 72
3 216 101 115 6
4 511 457 54 —55
5 193 61 132 23
6 444 412 32 —77
7 447 223 224 115
8 521 475 46 —63
9 491 458 33 Al
10 495 249 246 137
11 491 453 38 -~ 71
12 202 66 136 27
13 471 439 32 - 77
14 201 70 131 22
15 507 465 42 67
16 402 193 209 100
f— P T S
a: average value of y;.
%t transformed value {:-i»(yrva)}.
C:  constant value (=1, in this case).
T: totat value of x;.
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Analysis of variance for difference between the maximum and minimum discherge.

For error e For error ¢’
Sum of Unbiased | Unbiased
Factor sauares Degree of | estimate of | Variance | Degree of | estimate of | Variance
juare N . . N . .
(S) freedom population ratio freedom population ratio
() variance (Fo) (67 variance (Fo')
(v) (V) )
A 132 1 132 1.0 1 132 165
B 16 1 16 1.3 1 16 1.3
C 3496 ! 3496 291.3* 1 3496 437.0*
(o4 1913 1 1913 159.4 1 1913 239.1%
D 77562 1 77562 6463.5%* 1 77562 9695.3%#
E 100 1 100 8.3 1 100 12.5
A =D 42 ] 42 3.5 1 42 5.3
B D 64 ! 64 5.3 1 64 8.0
C %D 4791 ] 4791 399.3% 1 4791 598.9%
oD 1864 1 1864 155.3 [ 1864 235.0%
I oD 4 1 4 0.3 —
B xE 10404 1 10404 867.0% 1 10404 1300.5%
¢ 12 I 12 - - s -
e’ 16 — — 2 8
x ¢ significant at one percent V
s significant at five percent
SER, BHEEWEINLERICOWTEERITE D . ZOMED K kL ¥l oW T OKED

FEFEE O HsE LR T2 - T 2 KT O RFE Ot

DY DHEED 2 TUCH B TR ET .

D) o [0 KD BT 0 s

FERITONWT

- 1 X
7}( }‘jif’: 1TD Ai'z.jizj Ta-- -E» . ~..8U:,

TR¥E 2 ¢ DI

AT R R TR LIML
Hic, FEoOWHE R ELE

U S
-a+c

FH L EnwOT,

B, Wz bl, 2KEOEE L

3 7k i

15 05 % o {8 JF X 181 T WP 3 e ki




120 PeUREE SR 5 36 %5 (1974)

4=AFQ, gL o.os)%z

FRW, =4 & 2+ OWMEREERS B E#H LB, 2L, FQ, ¢:005) &, 4T o4
@mﬁﬁlf,ﬁﬂ@ﬁ&@ﬂ&ﬁ#%f&%?h%@ %f@m<%&

Py

ZHERIZOWT
REAERIE R > 412, HTE0hoREOFEEMH RO AT, ZRHEIEHOBRIT
HHRTFOKREOH AL OPEEXFTT 5, Zof<cix, Table2 Xy BFEBEH 7, &
HREZME L LRDAEZ LIZLTHWEDT

A, 1 ofiabeorBRESE, 1, 7, 11, 13,

1, 2) oHiabeoRRESE, 2, 8, 12, 14,

2, 1 olébYozlEESE, 3, 5, 9, 15.

2, 2) OWEDLTOERESEE, 4, 6, 10, 16.

Thb, & oT, FElE,

BEi 03 rat ‘Cl— - - (%1 + %7+ Xq1 -+ X13)
U 11
BiE: 0 T a- vy (g Xg-+X127F X14)
A 1.1
BEio i tat o4 (s X5 %o+ X15)

BoEr® T4  at o Gk xoh o o)

EhbH. T @)rﬁj@ USTILJ V’{m}ﬁ)jigs @151/“3[)( IYT]VC:HL ‘é" {(’(i/k@i 7 b"vj- . B Box i
Wﬂer&?é

R, X4 & X+4 OB TFYBH L 2L,

i) #ET2/E-> T EETFORFEE O

CDHEEIT DT, REMERPH 1&m%%&&ﬁﬁmﬁfﬁmju@290ﬁw,@a
m¥@mwr$b%@W@W{@@%#E&%%QT%% L FNIEF S T1IEMD L & &
2O L B IS CHYT .

REERBAETEWEAIT 2T

3REEDOHE T, Table3 12k -T2 bk Tabled » 3AKMEDFIZH YO LN T WS,
LOTVERIDOLEOERESLL, 200K EOFHHERD, 7V EH2D L EOERF
Fb, 20o0KEDOTFEHEERD D

18P0 L&

TVEWRLIOLE

1 }xl"{ Xg CZ_ _1_.&"“)(11_

C1a+ 5



AR < UGN B - BIFE  ERIC K A0 R ORI 3 A 121

TIEP2OLE

) I | x+Xy . 1 Xp+Xy,
Cz'a+T 2 C3'a+_é—'“T—_

=1 _l_.MEﬁi;§LL>__< _l,,_ﬁg*‘xl1>}
d 2{<a+c 3 at— 3

Cl: a+_1d.§1+_}(9_+d
c 2

L L.ﬁ&) ( ,1_..X4+Xlzﬁ>}
Ca: 2 {(a-{— c 2 +at c 2

sl KetXy
Cyrat . 5 d

2D L &
TVERIDOELE

roag 1 XgTXye roaa 1 XetXyy
Cl.a+ p 2 Cz.d"l‘ c 2

TYER2OL &

fae __L, X5+XIQ_ ‘. _L. X7+X1-§_
Caiat—¢ 2 Corat c 2

_ 1 ﬁL._&;@w_)_( L.ﬁ.ﬂ‘&)}
d"“z‘Ka+ p 5 at— 5

Ci:a +_L.- . ﬁ&iﬁgﬂkd
C 2

o LI L.;&ﬁ.@-) < J_.ﬁjﬁa,)}
Cai {(a*’ c 5 )t 5
roaa L XXy
Cira+ c 5 d
2 O O T % (EIEIES % O ETEK B CHEE T A IKRRO L 9 1T 5. FHEE hicEal
TRETDHE,

Ve
2

4=+/F(1, ¢.: 0.05)

gD, T4 L X+4 OITREARS L EELD.
FHAERBHEEOBEITOWT

1Mo L &

TVERLIDEE

ClDl:a‘i“-}‘Ec‘l— C1D2:a+}(‘:§"‘



5 36 5 (1974)

122 YRR B et
~ X
(/le: a-+ ‘”Cs‘ CZDZ: a+*}‘(’él‘

TYVEMR2DEE

. X, x
C,Dy:ad2i2 C,Dy:at+ =4
c c

x
a4t
c

Dy

CIDZ: a“l‘”}gc“g”‘}‘dz

CyDy:

CyDyra+ 3%2 —d,

2HMO k&
VRO L

C'D, : aus D, a8
11 El“l“ p (/1[)3 a }“ ¢

CiDy: a4

.- Xg
cat+ X6
c 2 c

TVER2OLE

CiD,: a5 YD, A g 18
2)1’1}_0 (/zDz 1}"C

X
CQD]_ . a “}"”‘EZ”

e ) )

CiDy: a+%—“~+dl

X
CiD,: a+——§§'

e )



He o A o RS ¢ MR AEHIIC X B M K O B RN 123

e o))

C4Dy: a+3—é1-~—d1

C/LD'&: a'{'"}‘({:'g""}“dz

4Dy, 1 {(a i >»14> + (21,‘_‘{?1,3_)}
2ty -

CiD,: a—#%i—-dz

O O R e S % OF K I CHEE T A TR O &L I D . S i
TRETHE

A::\/F(h¢é:(L05)j%m

{{,’)k&{), X”Atx'i'd(/)[l"db:m LJ/}J‘L{") "‘i’:/ 5. k.(/)‘ﬁ L(/);1‘ﬁ}7(l'|‘x/{\(/)19u}7 Table 70\./]\'"}"

Table 7 Estimation of interfering factors for difference between the maximum and minimum

discharge.
Ttem Mark Calculated values Qm}ﬁdcncc
cefsec limit
5 )
Main effect D; 1785 4.3
. Do 39.3
Population mean of E
- s By By 132.3
level of normal Bi I 7.5
factor cact 1 b ) e
Actol Interaction By By 80.5 6,1
By Eo 135.3
I network 2 networks
. - Cy 143.3 127.8
Main eflect -8.6
i e Cs 85.8 81.8 +
Populati " Cs 132.2 132.7
e i o © Ci D 945.5 209.5
Iﬁﬁﬁfum Cs Dy 125.5 131.5
alse factor eracti Cs Dy 235.5 223.5
plerachion C1 Dy 41.0 46.0 4+12.2
Ca Dy 46.0 32.0
Cs Da 29.0 42.0
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