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ABSTRACf 

The hydrauUcs of flow in furrow irrigation Is s field In which little 
directly applicable basic research has been done. The purpose of this 
study was to investigate the characteristics of flow in Irrigation fur­
rows, as Influenced by furrow shape, roughness, slope, and rate of 
flow . 

Hydraulic tests were conducted In a flume 30 feet long, 3.33 feet 
wide, and 1.66 feet deep. Furrows with trapezoidal and triangular 
shapes were formed In the flume. 

Tests were run on four different roughnesses, using five rates of 
flow and six slopes. The furrows were constructed of aluminum and 
lined with silt or sand to provide different degrees of roughness. 
Additional tests were run using furrows of the above-mentioned shapes 
formed In soil. Durlngone series of tests, water was removed from the 
soil by a vacuum system to maintain Infiltration. Another series was 
run without infiltration. Tests on furrows In soil were also run with 
five rates of flow and Six slopes. 

Data from the hydraulic tests were analyzed to determine the 
relationship between the roughness coefficient and the following vari­
ables: (1) the velocity , (2) the depth, (3) the hydraulic radiUS, and (4) 
the Reynolds number. These results are presented graphically. 

Results of the Investigation Indicated that: 
1. The roughness coefficient was a function of the velocity, depth . 

hydraulic radiuS, and Reynolds number. The roughness coef­
ficient decreased with an Increaselneachofthese four variables. 

2. The roughness coefficient was higher for the trapezoidal furrow 
than for the triangular furrow with the same rate of flow, degree of 
roughness, and s lope. 

3; The Reynolds number was three to eight times higher for the 
triangular furrow than for the trapezoidal furrow with the same 
rate of flow, degree of roughness , and slope. 

4. The average Infiltration rate was 0.12 Inch per hour for the 
trapolzoidal furrow and 0.87 Inch per hour for the triangular 
furrow. The differences in infiltration rates In the two furrows 
can be explained by the differences in depth of flow, deposition of 
sediment , and the ratio of wetted perimeter to 'wldth of wa ter 
surface. 
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Characteristics of Flow in Trapezoidal 
and Triangular Irrigatio n Furrows 

John F. T hornion and Roben P. Beasley 

IN TR O DUCTION 

Water Is one of our major national concerns. Throughout the nation, 
water requirements Cor agriculture, Indust ry, and municipalilies have 
Increased IlteadUy. Concomitant with thlslncreas&d requirement comes 
more Intense competition for the a 'i! a ilable supplies and demandll for 
the reduction of losses and more effiCient reuse of wate r . Water for 
Irrigation must not only be used more eCficlentiJ(, but must be managed 
to eliminate soli erosion and waterlogging, ifl rrlgation development is 
to be productive and permanent. 

With more emphasis heine placed on the efficiency of water use for 
Irrigation , s study of the hydrauliCS of furrow Irrigat ion becomes 
Increasingly Important. Empirical methods now commonly used in the 
design of furl"(lw Irrigation systems involve flow phenomena that a re 
extremely complex. The complexity of these flow phenomena has been 
recognized, but In most cases I t has been underestimated. 

Significant progress In deltnlDg the hydraulics of fu r row Irrigation 
Is Inseparably connected to the degree with which the Inveatiga tor 
WKlerstands and usell the fundamental physiCal aspects of the flow. 
Knowledge of the rela tionship between rate of flow, velocity, furrow 
s hape, Infiltration rate and r oughness will enable the designer to 
Improve uniformity of wate r dist r ibution with a minimum of erosion. 

REVIEW O F LITE RATURE 

The original equation relating the rate of flow In open channelll to 
the characteristics of the chllnnel was lIuggested by Chezy In 1775 (8) 
and Is stili uSed. This equation III usually written 

v • CrRS 

where V Is the mean velocity, R III the hydrauliC rad lulI , S Is the 
slope 01 *e energy line, and C Is a factor of flow resistance. C"hezy's 
limited data Indicated that C was a constant. Later scientists recog­
nized that £. was a function of s lope , hydraulic radius , and the degree 
of I"OUghneIlS. 

The Ma.nn!ng equation was presented in 1889. This equation was 
originally written 
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V • KR2/3S1/ 2 

and Is now usually expressed as 

V", 1.486 R2/ 3Sl/2 

" 

5 

where V is the mean velocity ,!! lathe hydraulic radius,]. Is the s lope 
of energy line, and .B is a characteristic of the r oughness of the bound­
ary material (8) . The Manning equation is the most used open- channel 
flow equation. 

Other open-channel flow equations were published by Gangulllet and 
Kutter and Batin In the 19th century. These equations do not have 
wIdespread usage (4). 

Early Investigators noted the existence of twodl!!erenttypes of flow 
in open channels - - -l.minar and turbulent. Reynolds in 1883 discussed 
a rational parameter to distinguIsh the limit between the two types of 
flow (8) . He believed the development of eddies In pipe flow would vary 
dIrectly with velocity and pipe diameter and with the ratio of fluid 
density to fluid viSCOSity. The parameter, called ~Reynolds number~, 
I, 

Re -Yk 
• 

where V Is the average velocity, .1 is a length factor and ~ Is the 
kinematic viscosity. The hydraulic radius Is the length factor used for 
now in open channels. 

The Irrlption engineer is interested in the Reynolds number whiCh 
distinguishes the lower limit of turbulent flow. Unfortunately, disa­
greement exists concerning the Reynolds number where the flow 
changes from laminar to turbulent in open channels. 

Owen (5) conduc ted now studies in a glass-walled flume with a 
polished brass floor 1.5 feet Wide and 20 feet long. The s loPes and 
flow depths were not presented. The presence of laminar or turbulent 
flow was determined from the relationships of Reynolds number and 
friction factor, and by Injecting a s tream of dye into the flow. OWen 
Indicated that the flow changed from laminar to turbulent at a Reynolds 
number of about 1,000. His results could be questioned because uniform 
flow probably did not exist and velocity distribution had probably not 
stabilized , since flow in an open channel Is actually three dimensional 
as opposed to the assumed two dimensional flow , and the Reynolds 
number is dependent upon Channel shape. 

Horton. Leach, and Van Vliet (3) s tudied flow in a smooth wooden 
flume 5.6 Inches wide and 34.8 inches long. The flow depths used were 
from 0.005 to 0.015 foot , and the slopes ranged from 0.07 to 0.25 
per cent. They questioned the use of the Reynolds number as the only 
criterion of flow regime in open channels and suggested a calculated 
critical velocity for a given channel roughness and flow depth. They 
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reported that flow changed from laminar to turbulent at a Reynolds 
number of about 550 for their tests. 

Parsons (6) studies laminar, transition, and turbulent flow in a 
Channel with a concrete bottom 2 feet Wide and 8 feet long. He ques­
tioned the use of the bydraullc radius as the length factor In calculating 
the Reynolds number for laminar sheet flow, and developed a modifi ­
cation of the laminar flow equation to represent disturbed viscous flow. 

Powell (7) examined the effect of discharge, roughness and slope 
on the flow. He suggested that, in channels, the transition from 
laminar to turbulent flow may be so abrupt that characterization of 
the transition 'Zone may not be a problem. Powell's studies did not 
inClude the extreme magnitude of relative roughness likely to be found 
In channels comparable to ir r igation fu,rrows. 

MATERIALS, EQUIPMENT, AND PROCEDURE 

The purpose of this study was to investigate the Characteristics 
of flow in Irrigation furrows , as influenced by furrow shape, slope, 
roughness , Infiltration rate, and rate of flow. The characteristics, of 
flow in furrows were determined in the faU of 1961 and spring of 1962 
in an indoor hydraulics laboratory, which consisted of a Circulated 
water supply,'a hydraulic flume, and related equipment. The aluminum 
furrows tested were trapezoidal and triangular. Tests were run on 
four different roughnesses, using five rates of flow and six slopes. 
Additional tests were run with five rates of flow and six slopes, using 
furrows of the shapes mentioned above formed in soil. During one 
series of tests, water was removeq. from the soil by a vacuum system 
to cause Infiltration. Another series was run Without Infil tration. 

PhySlc3l Tests of (he Soil 

Infiltration was considered the most important soil pr operty in a 
study of the interactions of flowing water over solls. The soil selected 
was a silt loam taken from the 6- to IS- inCh subsurface layer of Knox 
sUt loam. 

The particle-size distributions of the soil 
In accordance with procedures outlined by the 

Society for Testing Materials, and three additional hydro-
readings were made at 15-,30-, and 40-second intervals (1) , 

I. 
studying the properties of a soli that 

water flowing over and into solls,"ln­
vestlgators have determined the structural stability of soil aggregates 
in water. 

There Is no single accepted method of aggregate analySiS. The 
aggregate analysis data reported here were determined by a mOdified 
hydrometer method as follows. A sample of the Knox silt loam was per-
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mUted to dry slowly and, when suffiCiently triable , was passed gently 
through an 8-mm. sieve and air dried. A sample of approximately 
100 gms. was weighed and placed In a plexlglass graduate, 2.5 inches 
In diameter and 18 Inches in height, which was tilled to the lUter ma rk 
with distilled water. The graduate was Inverted at IO-second Intervals 
for' 100 seconds and then a t 5- second In terva ls for 60 seconds. Hy­
drometer readings were then made at the end of 15 , 30 , and 40 seconds, 
and at 1, 2 , 5 , 15, 30 , and 60 mLnutes. The results of the hydrometer 
tests were analyzed by the procedure given by the American Society for 
Testing materials (1). The aggregate- Size curve Is shown on the same 
drawing as the partlcai- size curve. See F igure 1. 

H ydraulic Test 
Details of the hydraulic flume and reiated apparatus, as well as 

experimental procedure for determining the characteristics of flow 
In the Irrigation furrow , are given In the following sections. 
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Hydraulic flume. The hydraulic flume was 30 feet long. 3.33 feet 
wide, and 1.66 feet deep. The flume was constructed of sheet aluminum 
0.0625 inch thick, with aluminum and wood structural members used 
for framing and for edge flanges of the flume. The flume was con~ 
sttucted on two tubular steel beams 28 feet long which were, In turn, 
supported by a pivot point 8 Inches upstream from the center of the 
beams and by a pair of mechanical screw Jacks placed at each end of 
the beams. The support arrangement permitted the slope of the flume 
to be varied from zero to approximately 2 percent. The trapezoidal 
and triangular furrows (Figure 2) were constructed of sheet aluminum 
0.0625 inch thick. Both furrows were 6 Inches deep with 1.5 to 1 side 
slopes, and the tr apezoidal furrows had :lO-inch bottoms. Furrows 
with the same shapes were also constructed In slit loam soiL 

At the upstream end of the flume, a stilling basin was constrocted 
of stainless steel and attached to the flume with an adjustable approach 
chaMel 42 inches long, with 1.5 to 1 side slope, and a 20-inch bottom. 
The stilling basin was 3 feet squareand6 feet high, with a slotted side 
so that the delivery height of the approach channel might be changed 
when the slope of the model was altered. To aid In dissipating the tur­
bulence of the incoming flow, the Inlet was in the bottom of the stilling 
baSin. 

4 0 " 

1. 5 
20" 

TRAPEZOIDAL FURR OW 

40" 

TRIANGULAR FURR OW 

Fig. 2·Fuccow sh~p~$ UIW in (he teStS. 
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At the outle t end of the flume, a vertically sliding, slotted tall gate 
was attached. By manipulation of this tail gate, the depth of flow at 
the outer end of the flume could be controlled. To obtain a condition 
approaching uniform flow in the flume, the tail gate was adjusted So that 
the water-surface profile was parallel to the channel bed. 

Piezometers were attached in the center of the flume on 2-foot 
centers, starting at a distance of 2 feet from the upstream end of the 
flume. The piezometer board ccnsisted of 14 Pyrexglass tubes, which 
were 8 mm. in inside diameter and 24 inches long, mounted on a 
plywood board. The piezometer scales were located such that the 
depth of water at that point in the flume could be read directly. 

Later, a system to provide suction In the soil was installed on the 
bed of the trapezoidal furrcw in the flume. This system consisted of five 
parallel lines of porous ceramic tubes laid on 5-lnch centers across 
the width of the bed on about 1/ 4 inch of solI. The indiVidual ceramic 
tubes were approximately 12 inches long, 0.8-inch O.D. X 0.55-inch 
1.0., connected with 3/4-inCh to. clear plastic tubing. The ceramic 
tubes used were capable of removing about 1.5 to 2.0 mm. of water 
per minute for each I2-inch tube from saturated soil, with a suction of 
approximately 0.8 atmosphere. Since the air entry value of the ceramic 
tubes was about 0.85 atmosphere orgreater, o. 8 was used as the oper­
ating basis. Each line of ceramic tubes was connected to a 5-gallon 
jug and the Jugs were connected in parallel to a vacuum system by 
means of tygon tubing. 

The flume was filled with a Knox silt loam soil to a I5-inch depth 
over the porous tubes. Trapezoidal and triangular furrows with the 
same dimensions as the aluminum furrows were made in the soil, 
using a specially constructed template . 

. A tank 3 feet wide, 3 feet deep, and 6 feet long, on 
flume was mounted, contained the water supply. 

This to approximately three-fourths of its capacity 
and allowed to adjust to ambient temperature. The water was pumped 
from the tank. through pipe and flow meters, into the bottom of the 
stilling baSin. and through the approach channel to the furrow. A 
valve was located on the pressure side of the pump, enabling accurate 
control of the flow. The water from the furrow returned through the 
HS-type flume to the starting point in the tank. 

Flow- rate measurements. The rate of flow into the stilling basin was 
measured with a 3/4-inch rI"!eter. located in the supply line, just before 
entry Into the stilling basin. The rate of flow out of the furrow was 
measured by a I - foot HS-type measuring flume develcped by the U.S. 
son Conservation Service (2). The meter and the HS-type flume were 
calibrated. 

The HS-type flume was located on the water supply tallk. The head 011 
this flume was measured by a float-type water level recorder, so that 
flow measurements were made continuously. A schematic drawing of 
the eqUipment is shown in Figure 3. 
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. A point g.ge was used in.ll the measurements 
on a moveable frame .nd could be moved to 

three loea tions along the furrow. The depth of flow was dete rmined a t 
12, 18, and Z4 feetfromtheupstreamend of the furrow. The difference 
between the channel elev.tlon and the water surf.ce s t • given point 
Cons ti tuted the depth of now at that point, 

Any measurement could be satisfactorily duplicated to the 
0,001 with the apparatus previously described. Although there 
were rapid fluctuations on the water surface Itself, probt.bly 

turbulence , these could be averaged quite accurately by eye, 
Four degr ees of roughne88 were p roduced by 

I by co..tlng smooth a luminum wi th 
m:':'onslllca, and 1500-micron slllcs, 

roughness tests, ,were lined with silt or sand 
Imbedded In a coating of asphalt roofing paint. First , the 44-mlcron 
sil t waa applied to a coat of asphalt roofing paint 01'1 the smooth 
a luminum. The 715- mlcron sand was applied the same way on top of 
the silt. Likewise, the 1500 micron sand was applied on top of the two 
finer layer a. 

. The influence of furrow shapes 10 soli w.s 
10;';;;,. The soil was thoroughly screened uxl 

were broken up by hand on a I / Z- lnch screen 
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and all coar se, foreign particles were removed. Approximately 10 ,000 
pounds of soil were used to fill the flume to about a l.5-foot depth 
over the ceramic tubes. The furrow was then carefully shaped and 
leveled lengthwise, with a template that used the sides of the flume as 
guides. No attempt was made to compact the soU any more than that 
which naturally occurred In the process of filling and forming the 
furrow. The soil was then wetted by slowly admitting water into the 
furrow until all the soil in the flume was saturated. A layer of soil, 
more than enough to take care of the settling, was applied and rewetted. 

The soil was dried by applying a suction in the porous tubes and 
by blowing air from a fan over the furrow surface. When the furrow 
was dry enough to work, the template was used again to reshape the 
furrow for the test. Thebuikdensityobtainedwas 1.35 gm. per cc. 

Tests in the furrow. Before beginning the actual test the piezometers 
were checked for clogging, achartwasplaced.on the clock in the water 
level recorder to measure the height of flow in the HS-type flume, and 
the temperatur e of the water was recorded. 

At the beginning of the test , the pump was started and the flow was 
adjusted to a preselected rate by the use of the control valve. If the 
depths of flow along the furrow as measured by the piezometers Indi­
cated nonuniform flow, the tailgate was adjusted to establish uniform 
flow. 

The rate of flow Into the furrow was determined from the gallons 
recorded on the meter and from the duration of the test obtained by a 
stop watch. The rate of flow from the furrow was calculated from the 
chart on the water level recorder for the depth in the I-foot HS-type 
flume . 

The depth of flow was determtned by a point gage measurement at 
12, 18, and 24 feet from the upstream end of the furrow. At the end of 
each test, the temperature of the water was recorded. 

The same procedure was used with furrows constructed in soU , 
with the exceptIon that the soil was saturated the day before the tests. 
For the Infiltration tests, the vacuum system was operated two hours 
before the startofthe test at 27 Inches of mercury and kept In operation 
throughout the test. During the test period, the Infiltration water frcm 
each line of ceramic tubes was collected In a 5-gallon jug and 
measured. The water collected from the five lines of ceramic tubes 
was divided by the Interval of time to obtain the infiltr ation rate fo r 
the test. 

RESULTS AND DISCUSSION' 

The particle-size distribution significantly affects the infiltration 
rate of a 5011. For example, a small Increase In the percentage of 
dispersed clay or fine silt wlll usually dec rease the infiltra tion rate. 
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The results ol the mechanIcal analysis ol the soli were clay, 17 
percent; line Slit, 2{>,5 percent; coarse Slit, 41.2 percent; ano;l sand , 
16.3 percent. 

The eue with which soli aggregates are dlsperseo:i In water is a 
measure of soil stability. If the aggregates are relatively stable, 
the infiltration rale Is generally higher and the Infil tra tion rate will 
remain relatively hlgh. If the aggregates disperse quickly , the in­
filtration may change rapidly. Knox sUt loam wu selecteo:i u the test 
soli because of Its high structural stability. The Infiltration rate re­
mained fa irly constant throughout the test, as shown in the appendix. 

Hydraulic Mc .. urcmcnu 

The hyo;l ra\ll\c measurementa made during the tests were rate of 
flow (Q), velocity (V), depth (D), and temperature ol water (T). Data 
for all tellts are 8ummarizeo:i In the Appendix. The velocities were 
cslculated by using the equation Q • AV , where A Is the ares and V 
III the velocity. The maximum depths determined at points 12, 18, 
and 24 feet from the upstream end of the furrow were averaged. The 
water temperature In the supply tank was measured to the nearest 
0.1 deCree centigrade before and after each test, with a CelSius 
thermometer. 

I I The rougtmess coeffiCient wall 
The roughnellll coefficient 

In the appendix. 
The values of the coeffiCient were higher for the 

trapezoidal furrow than fo r the triangular furrow with the same rough­
ness and the same rate of now. 
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The rouglmess coe!flctent was plotted versus depth for trapezoidal 
and triangular furrows. The roughness coefficient decreased with 
an inc resse In depth. Figures 4 and 5 show the relationship of 
roughness coef!!clent to the depth for three degrees of roughness. 
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The relationship between the depth and rate of flow for a tr iangula r 

furrow with a slope of 0.5 percent and different roughnessesls shown 

in Figure 6. The triangular furrow was used because of the wider 

range s of depths. The depth Increased with an Increase in rate of flow, 

and with an increase In the roughness. 
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The rf!iationshlp b:,etween the depth and rate of fl,ow for. triangular 

furrow with a roughness of 1500 microns and di ffe r ent slopes Is shown 

In Figure 7. The depth inc reased wlth.n Increase In rate of flow, and 

with II decrease In s lope . 
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The relationship between the depth and slope of a triangular furrow 
with a rate of fl ow of 40 gpm and diffe r ent roughnesses Is ahown in 
Figure 8. The depth decreased with an Increase In slope, and with a 
reduction In roughness . 
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The roughness coefficient Wal plotted verSUB veloci ty fo r the 

trapez;o\dal and trsingulll r furrows. The roughness coefficient de­

creased with an increase In velocity. Figures 9 and 10 ahow the 

relationship of the roughness coefficient to the velOCi ty for the three 

degrees of roughness . 
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TRIA NGULAR FURROW 

SLOPE = 0 ,125% 

I 
. 

1500 !J. , 

t , 
IS" 

~-
.. 

44 . 
• , 
, ~ 

.6 1.0 1.5 2.0 

VELOCITY {f psl 

fi,l(. IO·Rclu;un he,ween rou,I(hncss «)(:fficicn, . nd vcloci,y fo r a {riangui" 
furrow. 



20 Missouri Agricultural Experiment Station 

The roughness ooemclent Was plotted versus Reynolds number for 
the trape1'oldal and triangular furrows. F lrures 11 and 12 show that 
fo r the three degrees of retardance the roughnes8coefflc lent decreased 
with an Increase In Remolds number. 

The Reynolds numbers calculated for each test are given In the 
Appendix. The Reynolds numbers for the triangular furrow ranged from 
three to eight times those for the trapezoidal furrow. If a Reynolds 
number of 500 is considered to result In turbulent flow In an open 
chalUlel , almost all the tests run In the fu r rows were with turbulent 
flow . 
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TRIANGULAR FURROW 

SLOPE • 0,125·;' 
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Fi/(. Il.Vori'lio" <>(rou/(hn"~~ n>ell,e;,,"! with Reynolds number for 3 Iri.n· 
/(ul.r furrow. 
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The roughness coefficient was plotted versus slope for Reynolds 

numbers of 1 ,000 and 5,000 for a trapezoidal fu r row and 5,000 and 

10,000 fQr a tr iangular furrow, as shown In F igures 13 and 14. The 

ratio of the Reynolds numbers was 1 toS for the trapezoidal furrow and 

1 to 2 fo r the triangular furrow, demonstrating that slope affects the 

roughness coeffiCient more In the tr iangular furrow than In the 

trapezoidal furrow . 
The f riction factor was plotted versus Reynolds number fnr the 

trapezOidal and triangula r furrows , lIS shown In Figures 15 and 

16. The frlCUon factor dec r eased with an Inc rease In Reynolds number. 
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The friction factor for a selected condlt!on wu calculated by uling 
f ~ RS/(v2/2g) , where £ 11 the hydraulic radluaJ2 II the slope of cnergy 
gradient, and V2/ 2g Is the velocity. 

The values of the fr iction factor were higher for the trapezoidal 
furrow than fo r the triangular furrow with the aame roughness . 
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Calculation of Froud' number; The Froudenumberwascalculated to 
dete rmine the Btate ocnow In the furrows. Theae values are given In the 
Appendix. At • Froude number of unity, the flow Iii said to be In .. 
c r ltlcal state. If the Froude number 18 lese than unity, the flow Is 

Is auperorltlcal. 
The Inflitr&tion rates were 

removed from the 8011, 
divided by area of the water Burface in the furrow and the Ume. 
The volume used waS the total water obtained In the five jugs. 

The IndiVidual Infiltration rates ranged from 0.09 to 0.14 Inch per 
hour for the trapuoldal furrow, with the average being 0.12 Inch per 
hour. The individual Intlltra tion ratea ranged from 0.8 to 1.4 inches 
per hour for the triangular furrow, wHh the average being 0.81 
Inch per hour. 

The differences In Infiltration rates In the two furrowa can be 
expillined by the differences In depth of f1ow • .deposition of sediment, 
and the ratio of wetted perimeter to width of water surface. 

The effective head on the satu.rated ~one. increases with depth of 
flow. As the depth of water increases, the s.turated ~one Ilnder a fur­
row occupies an' increasingly larger fraction of the total wetted pro­
file. LIId the molstu.re ,radlents in the unsaturated part of the profile 
become relatively steeper. For the s.me rate of flow. the maximum 
depth of water in the tri.ngular furrow was about five times the depth 
of that in the trape~oldal Currow. With the surface of the furrow 
aatu.rated, the differences In depths of water would accollnt for part of 
the differences in the Infilt ration rates of the two fllrrow shapes. 

A volume of slowly permeable sediment coming from a suspension 
of silt and clay would a Irect a relatively larger percent of the wetted 
perimeter of the trapezoidal furrow than would be true with the 
triangular fu rrow. Therefore, the infiltration rate Cor the trapewidal 
furrow should be leas than the rate for the triangula r (urrow. 

The ratio of wetted perimeter to width of water surface was 1.02 
for the trapez;oldal furrow and 1.20 for the triangular furrow. Thill 
a l80 would help expl. ln • higher Infiltration rate In the triangular 
furrow. 

Scatter i ll O .. a 

There was conSiderable scatter In the graphic representation of the 
data presented. A. f.otor Is given which may help to explain this 
scatter. 

Depth measurements. At shaUow fl ows, the reslslanceofthe sides of 
the furrow to wetting affected the water surface and thereby affected the 
depth measurements In some tests. There were slight Tapld fluetu­
atlons on the water surfaoe tension. In these cases, Judgment of the 
observer was an Import.nt faotor. Even In the oalolliated velocity. there 
was the error caused by the side effects on water surf'ce .nd the 
accuracy of the depth measurements. 
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CONCLUSIONS 

Results of this Investigation suggest the following conclusions: 

1. The roughness coefficient was a function of the depth, velocity , and 
Reynolds number. The roughne5S coefficient decreased with an In­
crease In each of these four variables. 

2. The values of roughness coeffiCient were higher for the trape~olda1 
furrow than for the triangular furrow with the same rate of flow, 
degree of roughness, and slope. 

3. The Reynolds numbera for the tr iangular furrow ranged from three 
to eight times those for the trapetoidal furrow with the same rate of 
flow, degree of roughness, and slope. 

4. The individual infi ltration rates ranged from 0.09 to 0.14 Inch per 
hour with the average being 0.12 inch per hour for the trapewldal 
furrow. The Individual Infiltration rate ranged from 0.8 to 1.4 
inches per hour with an average being 0.tl7 Inch per hour for the 
tr iangular furrow. Most of the di fferences In Infiltration rates for 
the two fu rrow shapes can be attributed to the differences In depth 
of flow, depoSition of sediment, and ratio of wetted perimeter to 
width of water surface. 
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A PPE N DIX 

Summary of O rigi nal Data 

The original data recorded during Ule experIment and the values of 

"" Reynolds number, Froude number, ,od Manning'. n are sum-
marized in the fo llowing tables. 

TAStE 1 - SUMMAAY OF DATA FOR Tb.1fZOIDAl. FUUOW 
WITH DIFfUENT ROUGHNESSES 

---
~c,. Velo-Tc:, "'" 0/ fI_ cily Oeprh "Y""ld. , ...... Monnin~' • 

T •• , No. ~ ... ... ft . nuri>er .... , 0 

- -,----S""",,'" AI ...... inulft Sur/cce -.---, ".0 '.0 . .., '.00 0.03. '''0 2.~;lO O.OO]tl , ".0 " .. >.>0 0.022 ."" '.m 0.0070 , ".0 18 .0 U. 0,015 21$7 2.295 0 ..... 
• ".0 .., ,." 0 .010 , '" 2. 1 82 0.0078 , ".0 ' .0 1.10 0.007 '" , .... 0.0076 

• ".0 ,.0 " .. 2.04 0."'" ... , 1.64-4 0.0095 , ".0 "., ,.'" 0 .03. ..,,, 1. "!iT 0.0101 • ".0 18.3 ,." 0.022 2155 1.305 0.0105 • ".0 '.' 0." 0.01. 1132 1.329 0.0097 

" ".0 ,.. 0." 0."'" '" 1.2.&$ 0.0097 

" " .0 0.' " .. 1. 75 0.'" .. " ,.m 0.0087 

" " .0 39. 3 ,." 0,039 . .,. 1. 184 0.""'" 
" ".0 lB .• 0 . 96 0.025 2155 1.083 0.0092 

" ".0 ••• o.n 0.016 "" 1.025 0.0091 

" ".0 .. , o. " 0.012 '" 1.020 0 .... 

" ".0 0." .... ,." 0 .078 8541 0.842 0 ..... 

" ".0 " .. 0.96 0.053 ~" 0.750 0.0104 

" ".0 18.3 0." 0.037 "" 0.5% 0.01()6 

" ".0 ••• o. '" 0.025 '''' 0.53) 0.010~ 

" ".0 0.' 0 .• 7 0 . 018 ". 0.62~ 0.0107 

" " .0 0 . 125 .... I. 10 0.091 83~1 0.U4 0.0091 

" ".0 " .. 0. 87 0 .058 "" 0.'" 0 .... 

" ".0 18.2 0.'" 0.'" "" 0.545 0.0097 

" ".0 ••• o.~ 0.028 lIOl 0."68 0.0097 

" ".0 , .. 0 . 38 0.03) '" 0 .... 0."'" 

" ".0 '.0 "., ,..0 0 .03. "". u'" 0.(1)71 

" ".0 "., ,." 0.023 OW 2.632 o.oem 
" ".0 18 .2 ,.'" 0 .015 ,,,. 2.992 0.0074 

" ".0 .. , I. 14 0.009 "00 2.~4 O.oon 
" ".0 H I. 10 0.'" '" 2.817 0.0076 

44-Ml< ..... Sih Surfou 

" ".0 '.0 ... , , ... 0.037 '''0 2.615 0.0081 

" ".0 39.8 I. 98 0.026 '''0 2.172 0.0091 

" ".0 18.8 L" 0.018 ,,~ 1.824 0.0104 

" ".0 ••• 0.'" 0.015 "" , .... 0.0104 

" ".0 .. , 0." 0 .011 '" 1.24' 0.0100 
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TABLE 1 (CONTINLED) 

RallO Ve lo-
Temp. "- of flow city Depth Reynold. " ... Man nin~'. 

reSIN" . Co % 'em ',. h. numbe, n"niI., " ---- ---
" 20.0 '.0 SO.S 2. 82 0 .037 9226 2.625 0.0081 

" " .0 41.8 2.24 0.024 "" 2 .614 0.0085 
38 ".0 21. I ... 0 0 .015 2~34 2 . 497 0.0067 

" ".0 10 . 4 1.04 0 .012 1249 L'" 0.00% 
~ ".0 .., 

O. '" 0 .000 '" 1.254 0.0097 

" ".0 LO 81.5 2.04 0 .051 "" 1 . 62'9 0 .0096 

" ".0 41. 2 1 .62 0.033 '''S 1.598 0.0091 

" ".0 LO 19. 4 1. 16 0.022 "58 1. 485 0.0099 .. " .0 ,., 0 .94 0.014 '''' 1.404 0.0092 

" ".0 ,. , 0." 0.010 '" LID 0.0094 

" " .0 O.S 82.6 Ln 0.061 "'" ..", 0 .0091 

" ".0 ~., US 0.039 "" I. 225 0.0087 

" " . 0 19.4 0 .94 0.027 2264 1.016 0.0099 

" ".0 10.8 0.74 0 .019 "" O. "" 0.0099 
SO ".0 ,. , 0.62 0.015 "" 0.905 0.0101 

" ".0 0 . 25 82.3 .." 0.080 "'. 0.826 O.rHOI 

" ".0 ~.S 1.02 0 .052 ." I 0 .810 0 .0097 
53 "., 19.4 0.72 0 .055 ,'" 0 .'" 0.0100 

" ro. , 10.5 0.'" 0.025 inS 0.616 0.0104 
55 "., •• I 0." 0 .019 '" 0 .54() 0 .0104 

", ro.O 0.125 n.s 1. 10 0.087 "., O. "'" 0.00% 

" ".0 "'.S 0." 0.059 "" 0.'" 0.0098 

" ".0 "., 0.62 0.042 "'I' 0.'" 0.0099 

" ".0 10.5 0.47 0.029 1218 0 .492 0 .0103 

" 19. e S., 0.38 0.020 '" ... ", 0 .0103 

71S-Mic,on S""d Surface 

" 18.9 '.0 "., 2. 13 0.050 9038 1. 71 5 0.0128 ., 19.0 42.6 I.OS 0.033 "OS L"" 0.0125 

" 19.0 "., 1.24 0.022 "" 1.520 0.0131 .. 19. 1 10.9 O. " 0 .015 1m 1.386 0.0132 

" 19. 1 S., 0.76 0.010 on 1.339 0.0127 

'" 18.9 LO ".0 I.8S 0.057 58" 1. 401 0.0113 

" 21.0 41.8 U' 0 .039 "SO L'" 0.0119 

" 21.0 ro., L08 0.025 2417 1. 192 0.0117 

" ro.' 11.0 0." 0.018 1315 I .0.;0 0.0126 

'" "., .. , 0.69 0 .012 '" 1.111 0.0122 

" 21.8 O.SO 84.2 1.54 0.069 9416 1.059 0 .0111 

" 18.9 42 .8 1. 17 0.047 "" 0.967 0 .011 4 

" 19.8 21. 1 0." 0.032 2424 0.858 0.0120 

" ".0 10.5 0.63 0.022 ,,~ 0,751 0 .0129 

" ". , S., 0 . " 0 .013 '90 0.717 0 .0128 

" 21.8 0.25 84.2 1. 12 0.093 9000 0 .670 0.0127 
n 21.8 42 .0 0 . 87 0 . 061 4767 0 .639 0.0\26 

" "., 21 .0 O. '" 0 .041 "'. 0.SS4 0.01X1 

" 22.8 10.6 0.43 0.031 "" O.SSl 0 .0128 ., "., S.S 0 . " 0 .017 "" 0 .549 0 .0131 



30 Missouri AgriculturAl Exper lment Station 

r ... Uf 1 (CO NlINU:O) 

Rat. V.lo-

r ... No. TC'J" St.,.,. 01 11_ o.p'" keynoldo F...... _~i",,'. 

" I I. ..........,.......... n 

" 
,., 

" " " " " 18 .3 '-, "., '-" 0.067 "" 1 • 10$ 0 .0 1-411 

" 18.2 41.2 1. 18 0.046 .,,' ,.'" O.OIS6 

" 18. 1 21 ,0 '.M 0.032 "" 0.852 0 .0171 

" 18.0 10.8 ,." 0.025 "" , .... 0.0161 

" 18 .0 .. , ,." 0.016 ." O. 63~ 0.0163 

" 18.~ ,., "., 1.22 ,.'" .", 0.761 0.0156 

" 18,S d.6 ,." 0.055 "" 0.758 0.014 

" 18.7 21 •• 0 . 71 0.039 "" O.6.c.5 0.0164 

" 19.0 11.0 '-" 0.029 " .. 0.'17 0 .0165 

'" 2l.S ••• U O.OIB '" ,.'" O.O 16~ 

'" "., 0. 2$ " .. '-" 0.097 "" U" 0.0158 

", "., .2.6 0.8t ,.'" .. 50 O.~T.l 0.0161 

'" "., 21.3 0." 0.047 2416 0.42 0.0161 

". ". , 11.0 ,." 0.033 "" 0.427 O:Oln 

'" 21.0 , .. ,." 0.011 '" ,.'" 0.0167 

". ".0 0.125 " .. '.M O. 110 "" ,.'" 0.0120 

'" 19.9 " .. ,. " O.O7~ "" 0.475 0.0124 

'" 19.9. 0.125 n.' ,." 0.OS2 ,'" 0. 427 0.0131 

'" 19.8 10.6 ,." ,.'" "" O.l61 0.01"6 

'" 19.9 ,. , ,." 0 .023 ." ,.'" 0.014 

K..- Silt t""", wi'" Inrilln>l ion 

Inlll-... Velo- ITa lion !:ld. 
,~. """ " "- city O.plh •• , ..... "".,M''''''' 

T.>I No. % - .. " . in.,..,., • .......,b.r ........... " 

'" "., L' 10.1 0.95 0.020 0." "" L'" 0.01<17 

'" "'., ,., ' .n 0 .012 ,." 'U 1.214 0.01~ 

'" 19.5 , .. '.M 0.10 '" 1. 112 0.0156 

'" 19.0 ,., ,." ,.'" 0.10 '" 1.0-'2 0.0163 

'" 19.0 , ., '.30 0.008 O. \0 '" ,.'" 0.0163 

'" 19.0 .. , , .. O.U 0 .016 ,." ,., , .'" 0.0160 

'" 19.0 .. , ,." 0.014 0.10 ." ,.'" 0.0163 

'" 19.0 ,., 0 . 52 0 .013 ,." '" 0.831 0.0159 

'" 21.0 ,. , 0.30 0.011 0.10 '" 0.791 0.0164 

'" 21.0 ... ,." ,.'" ,." ,,, , .... 0.0152 
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lA8tE I (CONTINI,.ID) 

Inlil _ 

'0. V.I ..... !Jotion ~rd. Tor' "00- of n_ ciry C1eplh roO ,- /.bvli'1lj" 
T.,I No. % . ... ". h. in.,..",. nllmbe, ...... ..0., " 

'" 19.0 0.'" '.3 0." 0.018 0." '" 0.'" 0.0120 

'" 19.0 , .. 0.'" 0.013 0." '" 0.'" 0.01:rJ 
on 19.0 ••• 0.47 0.012 0." '" 0.781 0.0128 

'" 19. 0 ,. , 0.28 0.010 0." '" 0.636 0.0131 

'" 19.0 0.' 0.15 0.000 0." '" 0.'" 0.0136 

". 19.0 0.25 15.4 0." 0.031 0.10 "'" 0.5711 0.0120 

'" 19.0 10. 1 0." 0.024 0.10 on 0.582 0.0126 ". 19.0 , .. 0." 0.016 0.08 '" 0,617 0.0123 

'" 19.0 ••• 0." 0.014 0.08 ... 0.584 0.0120 
"0 19.0 ,., 0.19 0.013 0." ". 0.5.0 0.01:rJ 

'" "' .0 0.125 31.3 0.59 0.'" 0 .11 "" 0.747 0.0124 

'" "'.0 24.4 0.54 0.049 0.10 ",. 0 .... 0.0121 
"3 "'.0 19.6 0.53 0.044 0.11 ,m 0."" 0.0124 

'" "'.0 , .. 0." 0.025 0.11 '" 0.393 0.0124 

'" "'.0 .., O.U 0.019 0.10 '" 0.'" 0.0126 
OJ. 22.0 0.062~ 38.' 0.5' 0.011 O. 13 3534 0.'" 0.0116 

'" 21.0 27.7 0.51 0.062 O. 14 "" 0.375 0.0115 

'" 21.0 21.3 0.47 0.~4 0. 13 "" 0.369 0.0117 
OJ, 21.0 12.8 0.38 0.0-40 0.14 " .. 0.317 0.0122 ,., 22.0 '.0 0.24 0 .025 O. 14 50. 0 .273 0.01 25 

K ...... Sill toom with"", In/iltralion ... V.I ..... ' .... """ of flow ~iry 0.,. Reynold. , .... Monning', 
T .. " No. Co • . ... ',. h . n~tnber number " 

'" 21.0 '.0 15.7 1, 16 0.018 1711 ..... 0.0115 

'" 21.0 12.4 1. 01 0.01 4 "'" 1 . 612 0.0117 

'" 21 • 2 '.3 0.'" 0.010 ". 1.605 0.0120 
'U 21.2 3.' 0 .52 0.008 '" 1.068 0.0126 

'" 21. 2 ... 0.38 O.CXl1 '" .. '" 0.01:rJ , .. 21. 2 ..0 15.4 0.94 0.020 1611 1.310 0.0115 

'" 21. 2 II. 8 0.'" 0.016 '''' .. '" 0.0114 

". 21. 2 ' .0 o.n 0.013 .U 1. 145 0.0125 

'" "' .. .., 0.'" 0."" '" 1. 144 0.0116 

'" 19.0 .. , 0.32 0.007 '" 1. 120 0.0127 

'50 19.0 0." "'. , 0." 0.'"" "" 0."" 0.0122 

'" 19. 0 15. 7 O.n 0.027 "'" 0."" 0.0129 
'53 "'., 10.2 0.'" 0.020 ". 0.'" 0.0129 
'50 "'., ,., O.U 0.015 on 0.627 0.0127 

'" "'.0 ,., 0.32 0.010 ". 0."" 0.0126 

'" '" .0 0. 25 "., 0.71 0.046 "'" 0.594 0.0124 
'51 21.6 21.5 0." 0."" "53 0.592 0.0121 ". " .. 14.7 0." 0.032 "n 0 • .557 0.0125 

'" 23.6 ' .0 O. « 0 .022 ." 0.5.56 0.0122 

'''' 23.6 3.0 O. " 0.013 322 0.423 0.0 \26 

'" 22.' 0.125 38.3 0.62 0.'" "" 0.'" 0.0128 

'" 23.' 28.0 0." 0.0.56 JOn 0.'" 0.0124 
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TAB LE I (CON TINi..ED) ... V.lo-

T,7" "- 0< "_ '" o.plh le)'tlOld> , .... _lng', 

r." No. • .~ '. h. ""mi>e, -,,, " 
--~ 

'" 22.4 "'. , 0.52 0.0018 " .. o. "" 0,0126 

, .. 22.~ 13.2 O •• 1 0,037 "" 0.'" 0.0134 

'" 22 . ' '.0 o.u 0.026 "' O,lll 0 .0130 

'M 22.0 0.062S ". , 0.53 0.071 "" 0.369 0 .0120 

'" 22.0 2B. 1 0.51 0.061 "" 0.392 0.0121 

". 22.0 "' .. 0." 0.'" '''0 0.374 0.012( , .. 22.0 1'.2 0." O.OoCl 1516 0,331 0 .0126 

"" 22.0 ,., 0." 0.025 ". ". '" 0.0119 
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TAl!LE 2 - SUMMARY OF OATA FOR flUANGULAR FURROW 
WlTH DIFFERENT ROUGHNESSes 

Ro. V.lo-
Temp. 51.,. of flow elry Dep'" Reyl"lO!d. Froud. Monn;"lI" 

T • .,No. ,. % . .. ". ". numbe, numb .. " 
$moo'" Alu ... ; ........ Surface 

'" 19.0 2.0 41.2 .. " O. 11 8 19532 3.204 0."'" m 19.0 27.6 3.97 0.012 IS 1SO 3.094 0."" 
m \9 .0 1S.5 ,." 0.063 11743 3.271 0.0059 

'" 19.0 10.2 ,." 0.0;>(1 ... 2.410 0."" m 19.0 ' .0 2. " 0.051 '''' 3.071 0.0059 

'" 18.8 , .0 41.5 3.37 0.135 I ;>(149 2.284 0."" 
m 19.8 25.2 2. " 0. 114 12581 2.137 0.0067 

'" 19. 8 1S.3 2.63 0.093 "" 2. 148 0.0065 
PO 19.4 , .. 2.30 0.078 ,m 2.052 0."'" ... 19.2 ... 2.21 0.056 "" 2.328 0.0008 

'" 18.3 0." 41.2 2.67 0.152 14931 I. 716 0.0062 

'" 18.3 28.2 2. 16 0.1:11 112n ,.m 0.0057 

'" 18.9 12.8 2.01 0.097 "" 1 .610 0.0062 , .. 19.0 10 .3 1.0, 0.087 0028 1 . 718 0.0057 
IS' 19.0 ... L" 0."" "" , .OS< 0."" 

'" 18.1 0.25 41. 2 2.30 0.163 "m 1.418 0.0054 
IS' 18.0 25.0 1. 97 0.137 "" 1.325 0.0056 
18' 17.9 15 . 4 ,." O. I IS m. 1 • 262 0.0057 
IS' 17. 8 ,., US 0.094 "., 1. 258 0.0055 
"0 17. 7 '.2 1. 41 0.074 ,." 1.292 0.0062 

'" 16.8 0. 123 41.5 L" 0.175 '''50 1 • 193 0."'" 

'" 17.0 24.6 Ln 0.145 "" 1.137 0.0057 

'" 17.0 14. " , .S< 0.117 "" 1 • 132 0._ 

'" 17. 1 10.4 1.<, 0.103 "" 1. 120 0._ 

'" 17. 7 '.2 , .22 0.079 '''2 , .'" 0."" 

'" 15.S 0.0625 41.5 1. 31 0.217 "" 0. 702 0.0057 

'" 15.6 25 .0 "'0 0.176 "03 0.713 0."'" 

'" 15.8 15.9 , .M 0.149 ,~, 0. 687 0.0058 

'" 16.0 ,., 0.94 0.124 .,,' 0.667 0.0055 
200 16.2 , .. 0." 0.096 "" 0.694 0._ 

44-M1~"", S111 s.,rfa". 

"" 19.8 2.0 " .. '.28 0.118 "'" 3.109 0 .... 
"'2 19.6 2>.0 ,. '" 0.102 "'" 2.781 O.oon 

"" 19.5 16.3 '.28 0.081 '''02 2.871 0.0067 "'. 21.6 ,., 2.87 0.071 8131 2.681 0.0070 

"" 22.2 , .. 2.00 0.0>3 "''' 2.'" 0.0071 

'" 20.0 , .0 ". , J. 19 0.138 16947 2.1~ 0.0069 

"" 20.' 24 .6 2. " 0.115 12295 2.0-'3 0.0071 

"" "' .. 16.2 2.'" 0.097 ''''' 2.0~ 0.0068 
209 "'. , 10. 1 2. 34 0.090 "" 2.067 0."'" 
21. 20.' ,., 2. 17 0.062 "" 2. 170 0.0070 

'" " .. 0." "., 2." 0.153 15041 1.628 0."'" 
m "'.0 ".2 2. " 0.128 11278 1.596 0."" 

'" "'. , 0." 15.2 2.04 0.105 "" 1.5n 0."", 



TABlE 2 (CONTlNLlO) 

'"- Velo-
Temp. "opo of fI"", dty O"p'" Re)"'<>lck '''''''" """nn!"ll ', 

Te,tNo. '0 • oem '" h . numbe, numbe, " 
SMOO'" Alum!n .... Surfooe 

'" ". , 10 .0 , ." 0."" .. '" 1.~]Q 0.0062 

'" • ".0 '4.6 .. n 0.063 .. ,," 1.561 0.0062 

'" ". , 0.25 "". , 2. 13 0 . 168 13769 1.294 0.0059 
m ". , " .. 1.82 0.1010 "'" 1. 212 0.0061 

'" ". , 15.5 .. " 0 . 1\9 , .... 1. 174 0.0062 

'" ". , ••• .. ~ 0.100 "" 1 . ISO 0.0061 
m ". , ... .. " 0.070 """ 1 • 158 0.0067 

'" 19.2 0.125 "". , .. n 0.187 12267 .. 000 0.0055 

'" 19.2 27 .4 1. ~1 0.164 "" 0.927 0."'" 
no 19 .3 16.9 .. " 0.136 """ 0 .921 0.lm7 

'''' 19.3 .... .. ~ 0.105 "''' 0.983 0.0061 

'" 19. 1 ,., 1.07 0.'" ,m 0 .916 0.0063 

'" 19.9 0.0625 "". , 1.52 0.199 11605 0 .8SO 0.0047 

'" 19.8 24.6 1. 47 0.167 "" 0.898 0.00.c8 

'" 19.6 110.3 1. 1 7 0.144 .. " 0 .769 0 .00.c8 

"" 19.4 ,., 1.02 O. 119 .. ,,' 0 .735 0 .0049 
"0 19.2 , ... 0 . 96 0.092 ".., 0.789 0.0052 

715-Mk,,,,, s.ond Surface 

'" 18.8 '.0 "". , 3.23 0.136 16447 2 . 181 0 .00% 

'" 19.0 24.6 2.95 O. 111 12261 2.205 0.0092 

'" 19.0 14.0 , .... 0.092 8414 2.004 o .oow ,,.. 19.0 10.5 2.27 0.'" '"'' 1.%7 0.""" 

'" 19.0 ... , ,.., 0.057 3982 1.947 o .oow 

'" "., .. 0 "., 2. S7 O. 151 14955 1.6SO 0 .0092 

'" "., 24.3 2.26 0.126 10984 1.590 0.0092 

'" "., 16.4 ,.'" 0.109 "" 1.5SO 0 .0092 

'" 19.0 11. 4 1.82 0.0% 6559 1.468 0.0095 

''''' 19.0 '.0 .. ~ 0.069 "''' 1.476 0._ 

"" ".0 0 .'" "" ... ,. " 0.168 13518 1.258 0._ 

"" 19.9 23.8 .. '" 0.1:>11 " ... 1.236 0."'" 

"" 19.6 15.9 .. ., 0.120 "" 1. 188 0."'" , ... 19.6 ,., 1.47 0.'" 5557 1 . 165 0 .0065 

"" 19.6 ... 1 . 31 0.072 "'" 1 . 218 0.0078 ,.., 19. 1 0.25 "., 1. 74 0.184 '''''' 1.011 0.0077 

"" 19. 1 23.2 1.53 0.150 "" 0.982 0.0077 

"" 19.3 15 . 1 1.59 0 . 126 ,,'" 1.118 0.0075 

"', 19. 4 .. , 1.27 0.116 5211 0.969 0.0078 

'''' 19.4 ... 1. 12 0."'" ''''' .. 0.992 0.0069 

'" 19.1 0.125 39.8 1.54 0.196 11372 0.868 0.0064 ,,, 19.2 24 .3 .. " 0.163 "" 0.840 0.0064 

'" 19.2 15.2 1. 19 0.138 "'" 0.'" 0.0000 

" .. 19. 1 10. 7 1. 10 0.120 '''' 0 .793 0."'" 
m 19.0 ..., 0." 0.096 "" 0.690 0 .0069 

'" 18. 1 0.0625 "". , 1.37 0.208 10564 0.754 0._ 

'" 18.5 ,.., 1. 2S 0.183 "" 0.732 0 .0063 

'" 18.8 18.0 1. 15 O. 161 "'''' 0 . 724 0.0062 

'" 19. 1 10.5 0 .94 0.128 "'" 0.694 0.'"" 

"" 18.~ 
..., 0.81 0 .087 ,,, .. 0 .694 0."'" 
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TA8LE 2 (CONT1NI£O) 

~. Velo-' ..... ""'" of flow dl)' Depth Reynolds ,-" Manning' , 
Te,t No. Co % ,~ ". ... ~ ... , nuri>e. " 

Smooth Aluminum Suria"," 

'" 19. 4 '.0 41.2 2.62 0 . 152 17168 " ... 0.0146 

'" ro.O " .. "" 0.130 """ 1.491 0.0146 

'" ro.O 16.2 1.93 O. 111 "" 1.4<19 O.OUO 

'" ro.O 10.2 LO' 0.095 7131 "350 0.0145 

'" 19.8 ,., ,,« 0.073 "'" 1,325 0.0148 

'" ro.O "0 ., .. 2.07 0.169 14634 1. 170 0.0141 

'" ro. , 26.2 1.82 0.145 "''' 1 • 106 0.0 144 

'" ro., 23.8 "n 0.142 9555 1 . 151 0.01-40 

'" ro .• 1 2.7 1. 41 0.125 ''''' 0.'" 0.0142 

"" ro.O '" 0.96 0.075 ,m 0.821 0.014.3 

'" ro., 0. ' 41.2 "" 0.190 12554 0.973 0.0124 

'" ro., 24.4 1.42 0.159 '''0 0.894 0 .012(1 
m ro., 14.0 .." 0.130 6274 O. "" 0.0122 

'" ro. , ,., 1.04 0.112 ..... 0.879 0.0130 

'" 21.0 .. , 0." 0.078 "" 0.897 0.0126 

'" 21.1 0.25 ., .. "., 0.2(17 """ 0.768 0.0114 
m 21.2 25 .3 1.21 0.176 "" 0. 721 0.0112 

'" 21.1 12.7 0." 0.138 "" 0.662 0.0112 

'" 21 • 1 ,., 0.91 0.125 "" 0.646 0.0113 
"0 21 • 2 .., 0 . 76 0.091 2752 0 .630 0.0118 

'" 21.1 0.125 .... 1.23 0.221 1074.3 0.654 0.0087 

'" 21 .0 24 .3 ,,0<> 0.185 " .. 0.613 0._ 

'" 21 • 1 0. 125 14.9 0.92 0.155 '''' 0.'" 0.0092 

'" 21 .0 , .. 0." 0.133 "'" 0.616 0.0095 

'" 21. 2 .. , 0." 0.097 '''' 0.525 0.0094 

". 21.5 0.0625 .,. , 1. 13 0.230 10427 0.592 0._ 

'" ",. , 25.0 0." 0.199 ""' 0 .522 0.0076 

'" "'.0 15. 7 0." 0.165 5424 0 .524 0.0073 

'" "'.0 , .. o.n 0. 138 "" 0.595 0.0075 
m "'.0 '" 0." O. 112 2823 0.'" 0.0074 

Knox Sli t Loam wit/, Infillfation 

Info 1-
Rate Velo- trot;"", ~r 

'?,' "Of" 01 flow eil)' 0.,. ro .. no d, ''''''''' M:l"" i ng'. 
Te .. No . % ,~ '" ... in.jh,. number nuri>e, " 
'" "., "0 .., '"'0 0.053 1 • 32 "" 1.542 0.0211 

'" "., ,., 1.02 0.'" 1.42 2418 1. 185 0.0200 

'" ro.' ,., 0.76 0.0($ 1.42 "" 0 .8?8 0.0201 

'" ".0 0.' 0." 0.036 "" "" 0.628 0.0202 

'" 19.3 0.' 0.41 0 .027 U, '" 0.'" 0.0210 

m 21.8 0." ... 0.89 0.071 1.51 "" 0 .741 0.0149 

'" 21 • 8 '" 0.69 0.059 , ... "" 0.'" 0.0160 

'" 21.6 , .. 0 .... 0.051 , ... "'" 0.716 0.0152 
m 21.3 0.' 0.33 0.037 1.51 '" 0.431 0.0168 

"'" 21. 2 0.' 0." 0.031 "" '" 0.'" 0.0160 
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TABLE 2 (CONTINUED) 

Inf;l_ 

••• V.lo- ITO';"" 'T TCJ" "- ofllow dry 0.,_ 'o le oo~ , .... Manning '. 
T ... t No. % .~ •• ". in./hr. nuni>e, nu~r " 

'" ~ . , 0 . 25 10.5 O,7S 0,120 O. '" 4226 0.'" 0.0153 

"" ~ .. '-' O.M 0.'"' 0.'" J22J 0.528 0 .0155 

'" ~ .. 0 . 25 U 0.'" 0.078 1.01 "" 0,562 0.0159 ". ~ .. '-' 0.49 0.059 1.02 1512 0."" 0 . 0164 

"" ~., 0.' 0.31 0.042 1.01 ,n 0.324 0.0168 

". ~.O 0,125 11. 2 0.63 0.137 .. ", "'" 0.431 0 . 0137 

"" ~.O .., 0.57 0.105 .. ~ "" 0.'" 0.0132 

"" ~.O .. , 0.'" 0.087 .. " >OM 0.419 0.0139 

'" 21.0 ... 0." 0.054 1.07 " .. 0.476 0.0132 
"0 19,5 , ., 0." 0.047 1. 10 '" 0.«>5 0 .0136 

'" 21 ,0 0 .0625 1\ . 3 0.'" 0 . 146 0.91 "" 0.382 0.0128 

'" 21.0 'J 0." 0 . 109 O. " "" 0,374 0,0129 
m 21.0 ,., 0.47 0 . 106 0.94 "'" 0.367 0. 0121 ". 21.0 ••• 0." 0,095 0,94 "" 0 . 367 0.0122 

'" 21.0 '-' 0." 0 .075 1.01 '''' 0.310 0.0130 
K_ Silt Loom witl.oo, InlHlTotion 

••• Ve l .... 
Temp, "- oflfow city 0.,' Rey....,ldo , ..... /,,o,,mn,"9" 

T .. " No. CO • .~ . '" " . nu_r 00"" " 
". 19.3 0.25 10 . 7 0." 0,120 .". 0.561 0.0146 

'" 19.2 .. , 0.71 0.107 "'" 0.5~4 0.0163 

'" 19.7 U 0." 0 . 078 "" 0.513 0.0159 

". 19. 1 , .. 0.57 0.067 1924 0.<153 0.0151 
,~ 19.0 .. 0 0.31 0 .045 '" 0.367 0.0159 

n, 19.0 0.125 11. 7 O. 71 0 . 133 "'" 0.'" 0.0130 

'" 19.0 ••• 0." 0.117 '''''' 0."" 0.0131 

'" 19.0 0.125 , .. 0.62 0 . 102 "" '-"" 0.0138 
n. 19.4 , .. 0.51 0.078 "'" O. <155 0.0126 
n, 19. 7 .. 0 0." 0.048 1322 0 . 305 0.01040 ,,. 18. 6 0.0625 12.3 0 . 64 0.142 ~'" 0.442 0.0120 

'" 19.0 .. , 0." 0.119 33U 0.434 0 .0126 
n, 19. 1 U 0.'" 0.091 ''''' 0 . 433 0 .0124 

'" 19. 3 .. , 0.37 0.062 1107 0 . 387 0.0126 

'" 18.8 0.' O. 18 0.043 '" 0 .235 0 .0128 
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