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UNSTEADY FLOW OF GROUND WATER INTO DITCH (1).

By Gyozo OnasHI

Synopsis.

The seepage flow through porous soil to a system of parallel ditches above a horizontal
impermeable boundary is studied, and a theory of hydrodynamics is developed with the object
of providing a scientific basis for the design of ditches.

The unsteady nature of the seepage flow is taken into account because the water table
rises to maximum height after irrigation or rains, and falls gradually due to the influence of
of ditches. The treatment is based on the so-called seperation of variables, which is useful
for solving a non-linear differential equation (1).

The solution compared with the exprimental results obtained by means of the sand-
models having the fairly large scales. The characteristics of the unsteady flow in question is
clarified by the relations between the Eq. (22) and the experimental results, and represented with
the parameters both ¢; and ¢; .

This paper proposes the formula for determining the spacing of ditches.
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Fig. 1. Schematic representation of the ditches.

TRIERR LT, d BKBHRANERDTEEZ S, COBEZFICRBERORMMH 05, D-F OFRE
AUHRETS (1) OEFEREPVIEE, BXIENRTIEALDS, CLARRIC—KTLEE
ATEODD, BUTHEEEL D, PEIENRBKBICELRNGS, BEICE, hoEBEBRT
XTH-T, CORIEIRKKIED S ICHARTEAICRN & XEEFEZH, —&ic, KKIEE, S X0d
FEBINEVEZEZ T, Lhaic, s IEKICENTIE, KEBRRKMOERD, KBEDLSALBET
TOEIOERL LK, EELRIOBPOLTH D0, KREIOABEE TORKBEEKL, d &
KEEPIKBLIC & B T LIS TRETH B0
& L HEKIC Boussinesq DBEEHEA L, R ICHI%EAZ T L7 Did, J. van Schilfgaade TH 5
D, COMEOMEADBRNL DRIBFAICKA TS, —H W & L HEKC#ER L 0EROT, Wia)
OBEEAEBERSICKL > TRk,
(1) Xo#HL LTERREE,
=0, x=5/2, h=hy(=d+m,)
=0, =0, h=d }
>0, x=85/2, 0h/8x=0
EOROEOERIC L VERERIOALT &, (1) K& (2) OZRHFER

gvg:%(U%g) .............................................................................. (3)

A=0, a=1/2, U=1
A>0, a=0, U=d/h, }
>0, a=1/2, 0U/8a=0
U=h/hy, a=x/S, f=Kht/fS?

L1325,

(3) RoBoR%
U@, B)Y=TW(@) V() rerrereeerarrrremariamiteeniniis i (5)

B, (3) RIKRAL, PBELUTER —F KELOEBHZ, V(8) KB L TIIAEBICHES T & RN

KFE D, FLMHTERIT (4) ORMLS V(0O=1 %L 3,

V(B) = s (6)
W(a) IL2WTIE, EWMATRICT B0 dW/da=p, 51T pPP=u OE B EITIEZZ, u KDV TR
KE B, CTUHESEEE (4) OFRHLID 28/3 2L, BEATHE,

aw_ 2%k V1
da 3 w




330 AR SAEF TR 8 S (F5.40.3)

E125,
E b ZRETE0 (7) RE, t=0 D&%, 2=0 s 2=5/2 T CHESTE L,
1 w _ J2R(\2
Sd/hovde‘/ﬁso 1 TP P (8)

L1850 TTT, F8IK20T, u=W? LEFER—2 B -THERTE, (8) R

T e — (9)

L1325, T it 2=(d/hy)? I.(a, b)=B,(a, b)/B(a, b)) L1:H5-7T,
B= 2 B21-I)2=2B2A2  oereriiieiee e (10)
3 3
c i, B=Ba, b), A=(1—L,)

E5IC, B=32x(1/2) DHEMNEE LD, RELR—2—EKEEL A 2RATEMUTNE, * OFEHd
DEDEIC DN TEHETE B,

A= [1 _ (I;io)z]l/z ........................................................................... (11)

DEWR W(a) 2R, BAHA%E 0<e<1/2 & 1/2<a<1 LI, k ORT &R
BA U GEMPF U,

1—Iy=1—I)(1—2a)---0<<a<<1/2 }
1-Iy=(1—-I1,)(2a—1)--1/2<Ta<1

skl B, it w=W3(a), Iy=Bw(a, b)/Bla, b)
wEFEL, QD X, 12) KEDEMLT, W(a) 2RBDOTELBERVICERTE 5,

W(a)= ‘/(%)2 + 4[1 _ (hio)z](l_ D Y T TSRO (13)

Lpsic (5) Rid,

Pl A

Spacing DK% K 5 point |37 & KO hi KOHEB RS KN ZFEOKRIC, B E O KA
TTB2LHIRLEZ DL ETHbB, Ttbb, W/2)=1 THahb, UQ/2, B)=V(B) (14) XL,
UQ/2, B)=1/(1+kB) 12T, S ZRDAUT LU,

—3A| E@tm)(@+mo)t 12 e
s=3al Bt a®
D) R0 A OHEPERNTIORELATEE
_g[K2dtm)(d+m)EP/? e
5= aras mpomm) o

%55,

Boussinesq DO RIS, K ERE & 508 ERBIEOMAL, < TiE b OKFKER
Do MRS B8, FHOKIEICET 2 TORMEKMGHEZRD ZHER/ILETH S, T18b5, B
& LKA ko D5 my 1EOEET LT, RURDKMOET LIk 5 £ TORE £ &2 DR KOS,
HHOHFEFDEEA U TR TE 5. TUOLKIBTEL (=h—h L30T,

.7&4 —



KA B XHKDKEIL D0 T (1) 331

C:COE]-“@(E)_(CO/hO)Fl(E)] ......................................................... Qan
i,
_ 2 [E g - x
o) = 2|l tar, ¢ T

(e 21 1 O e
RO =gt 14120002
1%, Fi(§) BRTRINTV S,

3. % B

B & ZHEKICE 3 2 BERDSRERMARE T » 7o S RBRIC, HBRAID b T, T LICEERRICD
WTOEBRORI RIS L, BBEROERI—AARTHI2POLICELONBH, BHEERERHM
OKBERIZ EHLINTHENC &, $ARMREABELBEROAE L OBBRMELZEILAMETH S
TEREDD, BROYUBHEZHAT I EACEERICHEANES L, BEEORVWERER/LDIEEDI
PRETH S, D% 0, REHMEEREE LT, BREOER, HERBOEE, PENO=SH—Kick
BVLN, ZHRENFNERFE O AL —EOHUEORILED - Td, LLINbE, b
DEEERENRE LEBEETH - T, FEEROERICAVZES, T o0ENAIEZSHRS 5ITR
T3 RENS B

DX, EHE, L IHBKEEROTIAN (MWEEEBN S EEE</ A—F—KETRDLI
12, BRI ET 2184, B LTEhoEOMIERERHL LTHE00hE S b, T, BEwlid
COKRAZETZOATH Sh3LhTid Capillary fringe BSEEL, KB EHOKRERERLT - T
BLERE, TNoO—FlhoThhhs L, ERLIHEENRIKAERDO LTV 200 T4ELETN
1257800,

VbW ABESEMNE S EES BET ARBERI, PEEEZHNEEE, Z0 scale 2 TERHEY
IGETU BT EThHB, LinL, EREBELTCOBREL DS, CORIKBLT, AERBER, +45L0
ZNRVETH, —IBCORMEBRETEODEEZOND, $f, </ A —F—iCXZKEORHELDOHE
EHFER, MROMEAERBRLTVAY, LOREHEBENTHEILD, FEEERORRICERTETS
-3

FERPER, HEIENABKBREL, WEIKEABHEICETZ 0<x<S/2 OFEEEZRDLLTY
BT LTI,

3.1 EBRERE

& 100cm, & X 120cm, EX 2160cm @ 1H{IE 4 7 A3k 0 OMEESEE FH 7o PEKIKEES 100em %
BL, BXi31Z 100 cm icWE KBRS UEKBEE DL »fce COMEOER 2O ¢=10mm, HX 100
cm D7) A—R—y 7T v TABEREEL, ¢=183mm EX 16m Qv =—VEICERL, </ 4
— 2 —ICED . BAERA=ZALEEZ AV,

3.2 A B ®

BREESTHRHAOMY BAR 2mm) 2 A7, #HEHE, deo=0265mm, dy=0.16mm, ¥EHK
$%1.66, BKBEUIIEA DL RBRIEIC L » TRod7co EEEROFME 000240 cm/sec (KR 7°C), 75k7K
B T°C it3dd 2% K OEERIE, Hazen ORE 7°C K4 2 K o, K=103d,2(0.7+0.03T°) (cm/
sec) AR, BREME f BERBTOH 5 —ERHOKNENBERUEE L OHEL, FHHE f=
015 ZHu\ i,

3.3 EBREEEIUET

AIBRD XS, ERFEMFEERFGLEODERTLOICEE S,



332 HAMKMERRER B .S (F8.40. 3)

Table 1. Elements of the Experiments and Calculations.

Group| No. hy d my | d/hy | A k K S Khok/fS? | T f £y e
(cm) | (em) | (em)| 1 1 1 cm/s (em)| (1/sec) | °C sec
® 91 930 0 930 0 1 4.462/2.87 <1073 1410 |3.99x10-5 13 60| 10.78
d/hy | 5| 914 0 914 | O 1 4.462]3.27 %1072 2830 (1.11x1075 18 245| 1013
=0 4| 773 0 773 | 0 1 4.462(3.27 <1072 4120 |4.43x10-¢ 18 |0.153| 500] 10.98

® |11 | 878 | 174 | 704 | 0.198 0981 4.331/3.98x10-% 1410 |5.07 x10"5 27 10161 65 9.05
d/hy | 25| 878 | 17.2 | 70.6 | 0.196 0.981] 4.331|3.59x10-2 2830 |1.14Xx 105 22 |0.136| 263| 9.51
=02/ 34| 85.1 | 17.0 | 68.1 | 0.200 0.981] 4.322)3.19x10" % 4120 |4.61x 1076 17 |0.144] 576| 9.87

® | 16| 8.0 | 32.7 | 55.3 | 0372 0930 3.892/3.82x10-% 1410 |4.39x10-% 25 |0.150| 65| 9.24

d/h | 28 | 887 | 335 | 55.2 | 0.378 00921 3.859/3.27x10-% 2830 |9.32x10"6 18 292| 941
=0.38 37 | 86.5 | 335 | 53.0 | 0.387| 0.923| 3.834/3.35x10-% 4120 |4.36x 107 19 641 9.07
@ | 20| 895 | 485 | 41.0 | 0548/ 0.838| 3.190/3.90x10-% 1410 |3.74x 1075 26 45| 1095
d/hy | 31 | 847 | 503 | 344 | 0594 0.806| 2.923/3.43x10-% 2830 |7.07x10-¢ 20 220 10.82
=055/ 40 | 855 | 483 | 37.2 | 0.565 0.826| 3.070/3.03x10-% 4120 |3.12x107§ 15 810/ 852
(® [ 23| 845 | 684 | 16.1 | 0.810 0.589 1.561|3.59x10~ 2% 1410 |1.59x 105 22 50| 11.09
d/hy | 33| 89.3 | 685 | 208 | 0.767] 0.644 1.866]/3.51x10-2 2830 |4.87x10"¢ 21 388| 7.86
=077 42 | 855 | 63.3 | 222 | 0.740| 0.675 2.050/3.11x10" 21 4120 [2.14x10°¢ 16 821| 8.36
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Fig. 2. Comparison between Boussinesq’s solutions, and Experimental results.
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Fig. 3. Comparison with Boussinesq’s solutions, Experimental results and
Results calculated by Egs. (22) and (24).
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