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Development and Performance Test of a Tension Infiltrometer
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Abstract

A tension infiltrometer was developed
at the Department of Soil Science, Kasetsart
University, Kampangsan Campus. Designed
as a small-scale device, it is convenient for
transportation, easy to assemble and making
measurements, and having few trouble
shootings. It is handy for measurements of
infiltration in the range of 0-200 mm of water
tension which cover major flow of water
from rain and irrigation through soil surface.
The device can be used to examine the
hydrodynamic characteristics of surface soils,
for instance, to evaluate the parameters C,
and C, of the infiltration equation proposed
by Vandervaere et al. (2000), provided that
the users can define the boundary condition
(the matric head) and the initial soil moisture
content pertinent to their applications. It
can also be used to evaluate the saturated

hydraulic conductivity, Ks and the hydraulic

conductivity function, K(h) according to the
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Keywords : Tension disc infiltrometer, infiltration, soil
hydrodynamic characteristics, saturated hydraulic
conductivity, hydraulic conductivity function.
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model proposed by Gardner (1958) in the

range of 0-200 mm matric heads.
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MygNead qﬁmmmaﬂ%ﬂuma tension disc
infiltrometer %ﬂﬁ%ﬂ%ﬂ@& Perroux and White
(1988) fAaNNaIIDIAENTRITaMEaSIa
fumasmnani laxseneshlalay ldaafiu
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VL@%’%mmq@MﬁumImﬁsmn VKL EN NI
o2 o A A A . L
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NG AN 1 AR e AR
LﬁaL%’m i Decagon Devices Inc. (2011)
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YszfiumnmAnesi19duuuy 2-head method
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miﬁﬁﬁ@ﬁ@ﬁ MUUAWLE head oheriu 2 fda
h, Uag h, (%\‘13?‘@'? >h,) Wazinm steady-state
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MEUVSNANTN  (infiltration)  ManeA
mawndsufivashannmesenfunuiadudl
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Smettem et al. (1994) I nath
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(axisymmetric 3D flow) L@% 21N disc
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sluﬁﬁ I vaneif9 cumulative 3D infiltration (Ip)
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s‘iaﬁwé’amﬂwbﬁuﬁ (00) LenenImInNee

MIUseiiumnnAees C, way C, 913
i lawa1ais (Vandervaere et al., 2000) 6l
n{ v | a ada A .
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cumulative infiltration

25 least square optimization 38N

cumulative infiltration method (CI) 8n3%
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madzgiinen

UAAAFILTIN
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yadasdan
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RANNTUSLLAUALIININAY

wanNsUsefinensefendu lunuog
ANNFILRNAMIL tension infiltrometer 184
maUgivinen LLﬂ@fl,ugﬂﬁ 4 h-gﬂﬁam@dw
UaeviatSuussaonduanldiniuensdn b
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I@ammguuﬁuﬂwaaqmuWQWﬂqﬁﬂim ¥ I amag
IMeRanaeaNTasiahoImeauasilay
1 | (%} =3 [~ [} o v (%
asrasiaUSussRauiomy e anNes
UTTNMEAWINY Py Las@NNAWNaTIaIa e
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]
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B :n
/ e VARAALIAN WIIAINAY
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gﬂﬁ 4 M3GAAI tension infiltrometer Wa®TATA
ﬁ%mmﬂgﬂm (cumulative infiltration) 0513
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downward pressure = P,

LS

upward pressure = P, + P + p,,gh

o p, way g Asrmavmuwivaash
WaE gravity SNNAIGL 1 0FNAR ANNGUMILD
Anh (Py) uasemmdnldAnh (Po+P+Pygh) &
Amwhfiu naadae

Py = ‘ngh

LEOS AN WA A lunaen
= v oA [ LY
AILANLIIAINNLR AT UALWATAULLTINANH
=3 PPN g: dl I =3 1 ::1
anldAh () Wiasnndasemedemusaiiog
AetuszniawdeAnh lunasaaeshauiein
ALLNTINEN  OITUANNAUNIATNRINZLATI
Farndseh WiuRuagienviiy -p,gh @
Tumheanues ¥501ana1n i matric head
assRImzunIsumhLANgs Aewhiu -h vde
A o ‘é Aﬂl A 1 9: Yo Aa a =3 o
SNtttk sastlanenh Wruaulnafusefanay
WU h ﬁlumhammzja
] v
madfjiifiNaiansunsndai
A o o P ~
?g@mﬂ%qﬂmm@ﬂmmmmmmw
Aa A a [~3 (9 A Y A A
fdwStuumnsedUrEa lndRes nnaLesie
Aa A v A v Av A [~ % v
panINENAU ATy nATeRTRd s ld
ﬂﬁiﬂﬂﬁﬁlﬁ’mﬁaﬁuﬁq@ Toeldasidaaumn
N a A A e aa
Safnfwdasannagyin amninawdaswllan
\A% tension infiltrometer YaaMARTIgAIMENS
Lé’umuquﬁﬂmmizmm 8 cm GIAIEENTD
A A:iIQJ 1 U A 7 dl A
Laam;@mammzmmmmﬂﬂmw \Haihanye
n:i Yo I Aa A (~3 v Y Aava v g
¥ euaziainfwedaudn blwﬂaummu
1. lsevmeaudeeawa 1-2 mm i
AnaNTmaEN g ISna9szIns 10 om 1
a Adl Aa A A
feamntszanms 1 cm inasfaulFEuy

. 4o A Zys

2. M infiltrometer VILG]?H&ILWNW%
FU3EANNINGURIFTINAEUNTIE NALFSBIHD

v (%] [~3 v dl v
1L19) W':tamw;gu”l,ﬂml,aﬂuaa o lfazunss
Furlatunmuag vt wenenlfiesasiia
Samnfiuiuasete tailanlisn

3. [Hidanlewyfidn infilrometer Ui

dl 1 [ ‘5!, Aa (Y :!I = v
FuaNDNUUWTUAUGY 3 70 USuirsasiinli
Saanniuiu SaFontiusue Wi

o | AR LY . [«

4. MYUAALIIAINSY  (tension) 1%
wihuanagahdudadmasansziulaeay
Yo9NARAUSUAUIININAU (head tube) MURNH
sl,maa@mmmlﬁﬁmﬁu (bubbling tower) 15U
TalaenfidasmslausuainauurannI a3
y
Raugnenalian

(9 9 I =3 (9 ¥ [ dl
5. wasNUSuussAanau ldwitud
dFosmaudn Aegnenaveamsinavasiean ey
gj =3 % % dl 1 9/201 = A
RDAGILTIAINAUINNUNA ﬂaaﬂwmeﬁmmqm
BRI t = 0 Wanasomemasuaniaugmaan
N head tube WIANAUMULSINATLADENGY
NNAND UUARDAIEN
% =3 a 2: I g:

6. TufinUSana i lunanasuiind
ANNGIINFNATINNIA TANNDMIZEN 1oy
snlUsusndaseuetios fasnihasiyeniy
59 hardnSuAutanenudasamentaanIfn
Waazdun migmaianindifaitiasaunyi
FANMITUNINTXN (FINSRTIMIANANN
gerasheaniim) Jaai (steady-state
.. . . P AV » A va
infiltration rate, iw) Eﬂagﬂawimmmiﬂgm
TusnaAagnenadaiugsznhe S angy
JNdvaN (cumulative infiltration, 1) DLW (b)
A v o a ¢ A PO a 13
Feazldh A e neiiiedseidnemniiees
1 14 1
§ee] enuFasmasia b
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NAN1TNAADILAZATE
metsziinen o WAy Ks Whaass hydraulic
conductivity function

1uﬁﬁagLLﬂ®qﬁaaahqmnmiﬂﬁﬁ@a%q
Tusafiviiufiu loamy sand luu/assen
MednUgianen Munausn dayaunsniies
2 %0 oUEnEHAINNIF AN P AADS

v

@famﬂﬁ”fm3LLﬂ@0daua§ﬂﬁlaﬁasﬂaﬁ%MN®Lﬁla
Usefinemn e iusiennindn §edt fit
nnénelisunsy least square optimization
wamﬂ% tension infiltrometer ANT
WsPRAEhTSsAendy 2 @ Ao H1 = 206 cm
ey H2 = 15.6 cm (matric head, hl = -20.6 cm

Wag h2 = -15.6 cm mm"ﬁ‘u) LLﬂ@ﬂ%WﬁNﬁ 1

M50 1 GeehINamI e tension infiltrometer Samsunandshiuasstjen Wafiu loamy sand

H1 = 20.6 cm H2 = 15.6 cm
(mtin) read Q read Q I

(cm) (cm?) (cm) (cm?) (cm)
0 53.0 0 471 0 0
1 52.9 1.995 0.101 47.0 1.995 0.101
2 52.8 3.990 0.202 46.9 3.990 0.202
3 52.7 5.985 0.302 46.8 5.985 0.302
4 52.6 7.980 0.403 46.8 6.983 0.353
5 52.5 9.975 0.504 46.7 7.980 0.403
6 52.5 9.975 0.504 46.6 9.975 0.504
7 b2.4 11.970 0.605 46.5 11.970 0.605
8 52.3 13.965 0.706 46 .4 13.965 0.706
9 52.3 13.965 0.706 46.3 15.960 0.806
10 52.2 15.960 0.806 46.2 17.955 0.907
15 51.9 22.943 1.159 459 23.940 1.210
20 51.5 29.926 15612 454 33.916 1.714
25 51.2 36.911 1.814 45.0 41.896 2.117
30 50.9 41.896 2117 447 47881 2.419
40 50.3 53.866 2.722 440 61.846 3.125
50 49.8 63.841 3.226 43.3 75.811 3.830
60 49.2 75.811 3.830 42.6 89.777 4536
70 48.8 83.792 4234
80 48.4 91.772 4,637
90 48.0 99.752 5.040

U ‘ﬂl o [~3 U A o z
maaﬂaﬂizﬂawmLﬁumaﬂsﬁmm
til/ n‘ Y v 9/9:
WW%W@]W@@@MW (A) = 19.950 cm?
NUTTNARAZLATIANLIN () = 19.792 cm?
Sefiazunssdnesi (R) = 251 cm
mﬂ%’aaﬂammgmaqﬂﬂwaa@mamﬁnm@mﬂ
(read, cm) enT197 1 dufiumsste U@l

1. fnSnesasamashiunangadg
A (Q) MNuATTITETINANNGIIHaENGY Z
i enNeNgTioT th e e (Z) qoaiy
NuTmndiavans i (A) dhaeha dwsy H,
d ad _ m Y4 s
Waasunii 5 LRnasavaurashfiumsnague
§A (Qg) FMwInaN

/
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18 Q5=(Z-Z:)A=(63.0-62.5) cm x 19.950 cm?= 9.975 cm®  (I) FUNA (£) MUSIGINALTIS 2 e LAangmrNe
g 2. mﬂﬁfu@hmmﬂ%mmmms’fwmﬂmm O wnnnidndunseanindssiiv steady-state
a Toeldiuividamasmunseanenh ) luwis  infiltzation rate (i) é“@LLﬁmsLugﬁﬁ 5
Panasfanhavan (Q) iusmiy H wiifl 5 aqdoyansedmitldnin # matric head
_0Qs_ 99750m® | pog o WY -20.6 uaE -15.6 cm UsEidln steady-state
5= 2 T Tovman 3 — Y
a 19792 cm infiltration rate (ico) 16 0.0464 Wag 0.0706 cm/
3. WEUNTINTENINIUSINMNSNTNINSEYEN  min eNNa6
(a) cumulative I (cm) (b) straight line I
H1=20.6 cm H1=20.6 cm
6 6
° ! ® T = 0.0a6ax + 09311 i
4 — 4 -
g * g R® = 0.9932
=8 ¥ =8
2 . 2
1 7—4 1
0 T T T T 0 T T T T
0 20 40 60 80 100 0 20 40 60 80 100
t (min) t (min)
(c) cumulative I (cm) (d) straight line I
H1=15.6 cm
5 5 -/
+ y = 0.0706x + 0.3024
‘ * ‘ R -1 /
E 3 * g3
: R : “
2 — 2
*
1 o2 1
N A : S
0 20 40 60 80 0 20 40 60 80
t (min) t (min)
gllﬁ 5 mMITeunsW cumulative infiltration WaUSeiu seteady-state infiltration rate (i) (a) &% (c)
cumulative infiltration 91 matric head (h) -20.6 Lag -15.6 cm; (b) Wag (d) &7 cumulative infiltration
DunTmiduas9 vi3e infiltration rate AP (i) WhALANNTULDINTINGY 2 LU MNAIGU loamy sand
4. MBsmAemeasaiiesuilu hydrautic . 0.0464 cm/min 0.0371 °™
S = - = U. - .
conductivity function 3% HUTLRU @ N (0004209 14 4 min
qums (7) @ﬁﬁ T[X2.51XO.0847
_In(0.0706/0.0464) _ ooy 1 maunmedsdnnyiuaams  (6)  fagld
(-16.6+20.6)cm waé’w%whﬁu
5. W o i’mmmwmmmaaam néulal 6. aMuSusIIne Kh) fewmlaads
T (5) ladmanien Ks ool HuMnaLe b Gedeeuans eI 2
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Awsumaveaasld matric head 7 e dwsy
ADANIl fitted points  bAaINMIIFILTUNTH
FitOO! yhmstseiiuemnieas a uay Ks
I@ﬁ% least square optimization technique
Toudiih| Gmad ety 0.531 1/0m uae 0.369 om/
min MNEeL FehlEIEnsse hydraulic
conductivity function MNUULAIABIUENNT
3) it

0.5631 h

K(h) = 0.369

mmﬁ 2 aiﬂwamiw@aaﬁ@mmmﬂ%mﬁwﬁ
matric head 7 M WGLL@] 0 09 -20.6
cm Waee K(h) wmmmvl,@ ey
fitted point 989 K(h) wﬁamﬁ[w
lisunsx FitOO

h a Ks K(h), Fitted
(cm) (1/cm) (cm/min) (cm/min)  Points
-18.1 0.084 0.037 0.008 2.476E-05
13.15 0.108 0.067 0.016 3.429E-04

-9.3 0.101 0.059 0.023 2.648E-03
-6.75 0.102 0.060 0.030 1.025E-02
-4.3 0.060 0.030 0.023 3.765E-02
-1.5 0.361 0.289 0.168 1.665E-01

0 3.692E-01

SaneaasBaudiau KM Aduwnsldanms
PRIt K(h) Tunadnd fited points fag1 6
NUNAMFDAAADITUR

Hydraulic conductivity function Ltﬂadm;l:ﬁ'l
(loamy sand)

04

03
=
=
n # K(h), cm/min
ofs

c

——Fitted Points

K(h) (cm/min)

. + s+ * A
-200 -150 -100 -50
Matric head (mm)

o

‘51]146 WSsuWey K(h) ﬁﬁwmmvlﬁmﬂmiw@aaaa%a
ﬂU@W“/Wl'MWHI@Eﬂ%Iﬂ?LLﬂ?M FitOO

fr

a ] 1 [ %] B
matszidiuen C, waz C, Lﬁaa%'wﬂenmms

v
WNINFNUD

R

maaﬂawmmﬁlmﬂumamuﬁumami
NARUUAWHD loamy sand USHoAfenLeng
o A 6o 2 o A
Gh 0l HUSIRINAD 99 cm uEASlueITIA 3
Hoyatisnansnlfszfiuemnnfines C, uaz C,
1¢wanens

A151971 3 §ehINanI M tension infiltrometer

JOMaunINgaeh udn loamy sand 7

USIONAY 9.9 om  UEGNETIUTLT

(ga3emueivmelasldldsunas

FitOO

Time measured I predicted I

(min) (cm) (cm)
0 0 0
1 0.202 0.260
2 0.405 0.462
3 0.607 0.677
4 0.708 0.720
5 0.911 0.858
6 1.012 0.992
7 1.113 1.123
8 1.214 1.253
9 1.417 1.380
10 1.518 1.506
15 2.226 2.120
20 2.834 2.716
25 3.340 3.300
30 3.947 3.876
35 4.655 4.447
40 5.161 5.012
45 5.667 5.673
50 6.173 6.131

L http://oooconv.free.fr/fitoo/fitoo_en.html (18 §.¢.54)
FitOO Lﬂ%IﬂiLLﬂiN free online curve fitting
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mammamwwﬂmm 2 ’J‘E @aELGﬁI‘ﬂiLLﬂ‘JS\I
ﬂamwamaﬁm curve fitting I@EJ%T]JLL‘U‘U
gums (10) GLWMEL“SﬂﬁiLLﬂiN FitOO wa‘vﬂmwmw

C,= 016 cm /Nmin a¢ C, = 0.1 cm/min

1 cumulative infiltration (1) fienwanslalagld

Aa 6 Y Y (v} 6
WNINHLGDIVNOUNNFNNT (10) LLamélu@aam
f 3 (predicted 1) Waufu 1 Aasaiale
SnsunnisauisuNam s enua1nle
Y 4
16939 uamalugl 7

1WSauWiey cumulative infiltration
Yw8a2838 curve fitting NUAIRT
7
6 /‘
E 5 )/
E 4 /
£ 3
Eﬁ 9 / + I(cm) |
5 1 ./ predicted I (cm) ||
o ¥ : :
0 20 40 60
Time (min)
a A A . - o . ! !
33]"/! 7 WiMUWgY cumulative infiltration ¥

gy () tuendlidainms Eilsunsy Fit0O
e nAees C1 uag C2 mugLuiuussms
(16)

359 2 Mlpanadaudasaums (10) Wiiuauns
b7 . . . ! [ \/_ 3.//
LAUGYS (linearization) Lﬁﬁuﬂﬁi‘ﬁ t WIS 2
v v 1
haldimam
j_ = C1 + CZ ’\/E
t

PnthudeunTmssng I/\/E ﬁu\/g WAZE
meLéﬁ”um@mm@slumww QWU y-intercept
o C, uae slope @a C, wamiﬂiﬁ&m@ﬂ@ﬂﬁ'
8 Wihwnfisesisnsien 01443 cm/Nmin
dlovhenihadia

ey 0106 cm/min §NAIAU

Tounvluanms (10) Welsefiv cumulative

infiltration (I) WaLEASHALSEUELRUA 1
Anleasaluguit 9 Winldiisvssaalsdue
C, C, uagyhwee cumulative infiltration o7

GL Y A o
AN
namsutasdayacaeis
Cumulative linearization (CL)
1
= = 0.106x + 0.1443
£ 08 y : X + et
= R’ = 0.9924 /
g 0.6
8 04 7/
‘% 0.2 .
0 : : T
0 2 4 6 8
Square root (t) (sqrt.min)

wammﬂaﬁamﬂa cumulative infiltration @
sufin C1 way C2 feAsutlasanms (10)
It

o a a
11580 M8Y cumulative infiltration #1
viwrelaed? linearization AuaAiia laass

2

pad
2

/ .

I (cm)

predicted I (cm)

Cumulative infiltration (cm)
(R S R SN B o) BN

T T
0 20 40 60
Time (min)

NaMsWSeUWiey  cumulative infiltration ¥
MammNAeastaes linearization U7
Salgass

éLumﬂ% tension infiltrometer ﬁm:n

2 ¥ A v o o € |
MINTNTNIN maaﬂaw%@ammauwmizmm
USanommsnasingeay () anunm () Walsy
1 xR [ . Y 1w 6 1 G A
ALLSIAINAL (tension) hmnuqm 2e9lefs
Ui sorptivity (S) L‘ﬂﬁammm@m
amwmimamLLaU@’mémmmaumﬂwm ifmm
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hydraulic conductivity (K) HNWLIONAILTS

AINAUTDY infiltrometer F4MK C, Ay C, A9

(< J dl (% v XK [ g
wuenn N%LL']J?VL@G]']N?J%W@ LINOINAULLAZANNTU

PNUDIRY  Laziilasan tension infiltrometer

Gﬂmm@‘iﬁmﬂgﬁ%wm AANTDUSUALTIAINAY
1 5: =3 ¥R
1¢luga9 0-200 mm 209 F9019 EdnHINIT

wWaswilasas S, K 9979 C, wag C, aa

573Wava9 matric head WENGINE Y38
ST NaTaIN NI UL NTDIRu e

dql

(2% X g: A R [
Qﬂﬂim’)@ﬁ’ﬁuﬂﬁﬁﬁ&l%’] SIENYSNION)E]

(%

A X A Aa Aa [ 6
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