










254 TRANSPORTATION OF DEBRIS BY RUNNING WATER,

that case was a plank trough. The interpreta- Substituting in (118), we have
tion of these results will be considered in
another connection. H H1 = 32.28 fc Vu

TABLE 81. Ratio of the suction at one opening of the Pilot- or, making K = 32.38 k, 
Darcy gage to the pressure at the other.

.(120)

Place of rating.

Los Angeles....

Do.........
Do.........
Do.........

Conditions.

Shallow, near side. ........

Ratio, suction to pressure.

Gage 3a.

0.993 ±0.015 
1.038± .007

1.052± .004

Gage 3b.

1.005±0.005 
1.010± .002 
1.016± .003 
1.014± .005

Let Ji represent the vertical space through 
which the column of water is raised by pressure 
from velocity V on the upstream opening of the 
receiver, and \ the simultaneous depression of 
the column connected with the downstream 
opening. Then^ each being assumed to equal 
the velocity head,

V2
-(116)

-(H7)
2?

In practice the full velocity head is not realized 
in instruments of the Pitot-Darcy type, and the-

2 coefficient determined by rating is less than ~-.
^ 

It is a common experience also in practical
application of hydraulic formulas to find that 
qualification is advisable in other respects. I 
therefore substituted tentatively for (117) the 
formula

(118)

and sought empiric values of u and &. The 
readings of the comparator corresponding to Ji 
and 7it may be called H and H^. The zero of 
the comparator scale being at its lower end, 
the difference between the readings corres­ 
ponds to the sum of the spaces Ji and Jir The 
readings are in inches, while the unit used for 7i, 
Jil} and g is the foot. Moreover, from the incli­ 
nation of the comparator, the space between 
the two columns, as read on the scale, is 2.69 
times the vertical space Ji + Ji^ Therefore, the 
product of 12 by 2.69 being 32.28,

The observed quantities being H, H^ and V, 
it was possible to plot on logarithmic section 
paper any series of values of H ^ in relation 
to the associated values of V, and thus compute 
graphically the corresponding values of u and 
K. The values were computed for all series of 
observations represented in Table 81, and they 
are given in Table 82. The mean of the seven 
values of u is 2.00, but their range is notable. 
The deviations from the normal may be ascribed 
in part to accidental errors. In the case of the 
third value, 1.90, and of the seventh, 1.94, the 
plotted positions are so scattered as to admit 
of considerable latitude in the drawing of the 
equation lines, but the control is much stronger 
for the values 2.09 and 2.12, arid these could 
not be greatly reduced without violence to the 
facts of observation. It seems clear that the 
exponent is not wholly free from the influence 
of special conditions.

TABLE 82.  Values of K and u in H-H^KVu.

Place of rating..

Do.............

Do.............
Do.............
Do.............
Do.............

Conditions. Gage.

3a
3b
3a
3b
3b
3b
3a

K

0.70
.62

  .72
.52
.70
.46
.66

u

2.00
1 93
1 90
2.09
1 9J
2.12
1.94

For the practical purpose of rating the in­ 
strument, however, there is no advantage in 
departing from the normal exponent, and that 
was employed in the preparation of rating 
tables. The formula used for inferring veloci­ 
ties from readings is

(.122)

32.28 (119)

in which

The values of A graphically-computed, are 
given in Table 83, and these values were used 
in the computations of velocities.



THE PITOT-DAKCY GAGE. 

TABLE 83.  Values of A in V=A-\/l-l   J-J'l and -values of gage efficiency.

255

Place of rating.

Do.......................
Do.......................
Do.......................

Conditions.

Values of A.

GageSa.

1.22±0.02 
1.29± .04

1.26± .03

GageSb.

1.2G±0.01 
1.30± .02 
1.24± .01
1.37± .03

Efficiency of 
gage.

3a. .

O.G7 
.60

.03

3b.

0.63 
.59 
.65 
.53

Ail inspection, of the values of A with due 
attention to their probable errors serves to 
show that their differences are not to be re­ 
garded as wholly accidental, but must be as­ 
cribed in part to the variation of the instru­ 
mental constant with conditions. That the 
nature of the variations may be appreciated, 
the conditions will be more fully described. 
As already stated, gages 3a and 3b are the same 
symmetric instrument, but with opposite faces 
turned toward the current, while the instru­ 
ment was modified to some minute extent by 
an injury and repair occurring between the Los 
Angeles and Berkeley ratings. Practically 
there were four gages, but so far as the mech­ 
anician could make them the four gages were 
identical in form. The reservoir at the Los 
Angeles rating station was broad and deep. 
The course followed by the receiver of the gage 
was several feet from the bank, at least 6 inches 
below the surface, and at least 1 foot above the 
bottom. The plank reservoir used in Berkeley 
was 1.96 feet wide, and the depth of water was 
0.44 foot. In the ratings tabulated as at" mid- 
depth" the opening of the receiver was central 
in the cross section of the water. In the " near 
bottom" rating the center of the opening (its 
diameter being 0.01 foot) was 0.02 foot from 
the bottom; in. the "near surface" rating the 
center was 0.03 foot below the surface of the 
water; and in the "near side" rating the cen­ 
ter was 0.25 foot above the bottom and varied 
from 0.01 to 0.11 foot in its distance from the 
side, the course and the trough side not being 
quite parallel. The several relations of the 
opening to the water section are shown in fig­ 
ure 86.

There is netting novel in the variation of the 
instrumental constant with minute differences 
in the shape of the receiver. This has been 
observed by all critical users of such instru­ 
ments, and the custom is well established of

giving a separate rating to each receiver. So 
far as I am aware the variation of the constant 
with the relation of the receiver to the walls of 
the conduit and to the water surface has not 
previously been recorded, and this is a matter 
of considerable moment, for various elaborate

FIGURE SO. Cross section of prism of water in trough, showing positions 
given to gage opening in various ratings.

discussions of the distribution of velocities 
within a cross section have assumed the con­ 
stancy of the instrumental constant for all posi­ 
tions. As clearly indicated by the tabulated, 
results, the constant A increases when the free 
surface of the water is approached and dimin­ 
ishes when a rigid wall of the conduit is 
approached.

In the application of these results (and of 
cognate results with which it was thought best 
not to burden these pages) to our velocity de­ 
terminations a graphic table was constructed 
to show the relation of the instrumental con­ 
stant to the position of receiver in the conduit; 
and this table (fig. 87) supplied the constant 
to be used with each individual observation. 
This procedure had an important influence on 
the interpretation of the running-water rating, 
making the apparent correction for that rating 
less than it would be if the mid-depth constant 
were used exclusively. Its influence on the 
vertical velocity curves (figs. 74 to 82) was to 
give them less curvature near the water surface, 
greater curvature in approaching the channel 
bed, and (sometimes) a somewhat lower level of 
maximum velocity.

In equation (117) -^F2 equals twice the theo­ 

retic velocity head. If in equation (118) the 
exponent u be replaced by its mean value 2,
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we have k F2 as an expression for the double 
head actually produced by the gage. The

2 ratio of fc to   measures the efficiency of the

instrument in realizing the theoretic head. 

Since A   , . _. ,= I- =     ^. and the meas-

ure of efficiency is

2 32.16 1 0.996_ 
32.28 A2 ' 2g "32.28 A2 ~ A-

The values of the measure have been com­ 
puted and are given in Table 83. The deep- 
water and mid-depth ratings being assumed to 
represent normal conditions, the mean of the 
corresponding efficiencies, namely, 0.62, may 
stand in a general way for the fraction of the 
theoretic head which is realized by this particu­ 
lar type of the Pitot-Darcy gage.

As the relation between velocity and 
observed head is that between agent and effect, 
it is evident that values of the efficiency ratio 
rather than those of the constant A should be 
compared in any attempt to explain the phe­ 
nomena of variation. Restating from this 
viewpoint the results of comparative ratings, 
we have: The response of the head to changes 
of velocity is lessened when the receiver of the 
gage is brought near the free water surface and 
is increased when the receiver is brought near

a rigid part of the stream's perimeter. It may 
be surmised that the differences in head are 
connected with the facility with which the 
flow lines of the water are diverted in passing 
around the instrument, regarded as an obstruc­ 
tion. In midcurrent the diversion is resisted

Water surface

1.2 1.3 
Values of A

Bottom or side'

FIGURE 87. Graphic table for interpolating values of A, in V  
A *jH Hi, for observations made with gage 3b in different parts of a 
stream.

by the inertia of surrounding water. Near 
the surface the resistance of water is partly 
replaced by resistance of more mobile air. 
Near the conduit the resistance of water is 
partly replaced by the resistance of an immobile 
solid.



APPENDIX B. THE DISCHARGE-MEASURING GATE AND ITS RATING.

THE GATE.

The gate for measurement of discharge is 
mentioned at page 20, and its general relation 
to other apparatus is shown in figure 2. In a 
section on the measurement of discharge, page 
22, it is briefly described, and the history of its 
use is outlined. Figure 88 is designed to ex­ 
hibit its relations more fully and shows, the 
arrangement of the general apparatus of the 
laboratory at the time of its calibration.

The gate controlled an opening in the side of 
a vertical wooden shaft, of which the internal 
horizontal section measured 3 feet by 0.5 foot. 
At the top the shaft communicated freely with 
a long, narrow tank, to which water was con­ 
tinuously delivered by'a pump. The surface 
level of water in the tank was regulated by 
means of an overflow weir and a valve above 
the pump and was observed in a glass tube or 
gage, AB, in figure 88, outside of the tank. 
This tube was given a slope of 1 in 10, so that

FIGURE 88. Arrangement of apparatus connected with tlie rating of the discharge-measuring gate.

the movements of its water column afforded a 
magnified indication of changes in the water 
level within the tank.

Details of the gate are represented to scale 
in figure 89. A brass plate, PP, attached by 
screws to the outer face of the shaft, was 
pierced by an opening of 10.5 by 2 inches, the 
longer dimension being horizontal. About 
three sides the edges of the opening were 
beveled outward, leaving a 45° edge at the

' 20921° No. 86 14  17

inner face of the plate. A sliding plate, G, 
rested against the inner face of the fixed plate. 
This was the gate proper, its function being to 
close either the whole or a definite portion of 
the opening and thus regulate the width of the 
issuing water jet. It overlapped by half an 
inch the margins of the opening, above and 
below, and was guided by two brass pieces, 
which appear in sections 1) and c. To the end 
adjacent to the water jet was given a chisel

257



258 TRANSPORTATION OF DEBRIS BY RUNNING WATER,

edge. The brass guides and the adjacent parts 
of the wooden shaft wall were shaped to a 45° 
bevel, which, if produced, would reach the edge 
of the opening in the fixed plate.

Movements of the slide were controlled from 
the outside. A brass rod, 0, firmly attached 
to it and running parallel to its axis (fig. 89dO, 
rested in a frame at the left of. the opening 
(fig. 89ttj c), where its motion was controlled by 
rack and pinion, the rack being cut on the 
upper side of the rod. At the left of the frame 
.and pinion the rod slid along a brass scale 
graduated to inches and tenths; and the gate 
was set for any desired width of aperture by 
bringing an engraved index mark on the rod 
 opposite the proper mark on the scale...

The operation of the gate was found to be 
satisfactory.

The head under which the jet issued, meas­ 
ured from the middle of the opening to the 
water surface in the upper tank, was 6.0 feet, 
plus or minus a small fraction observed by 
means of the gage above mentioned.

PLAN OF RATING.

The method .of rating was volumetric and 
empiric. The gate having been set at a par­ 
ticular graduation, and the discharge having 
been continued until the rate of flow through 
the stilling tank and experiment trough had 
become steady, the outflow of the trough was 
diverted for a measured time into a special

(ci) 
Section throughX-J?

Section through .C-D 

0 5 10

Section through E-F 

15 20 25 Inches

FIGURE 89. Elevation and sections of gate for the measurement of discharge.

reservoir where its volume was measured. The 
special reservoir is shown in figure 88 as "sump 
No. 2," and the diverting apparatus also is 
indicated. The "diverting trough" was piv­ 
oted at the remote end and could be turned
 quickly by hand. In one position it received 
the discharge from the experiment trough and 
delivered it to sump No. 1, containing the 
supply for the pump; in another it permitted 
the water to fall into sump No. 2, arranged for 
measurement. The work of rating was per­ 
formed by J. A. Burgess, and a full report upon 
it constituted his graduation thesis in engi­ 
neering at the University of California'. The
 details of apparatus and method were arranged

by him, and the f ollowing account of the rating 
is essentially an abridgment of hi) report.

CALIBRATION OF THE MEASURING RESERVOIR.

Sump No. 2, constructed of concrete, was 
approximately rectangular but was not quite 
regular in form. No attempt was made to 
base computations of volume on its linear 
dimensions, but a scale of volumes Was gradu­ 
ated directly. A hook gage was first installed, 
the hook being attached to a vertical rod, to 
which slow motion could be given. An index 
borne by the rod near its upper end followed a 
smooth surface which had been prepared to 
receive a graduation but initially was un-
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marked. The index was so arranged that by 
pressure it could be made to indent the pre­ 
pared surface, thereby producing a mark of 
graduation. Starting with just enough water 
in the sump to permit the use of the hook, a 
lino of graduation was marked. Then a cubic 
foot of water was added, the hook was read­ 
justed, and a second line was marked. By 
repeating this process a scale was given to the 
gage, the unit of the scale being 1 cubic foot. 
The added units of water were measured in a 
wooden bottle made in the form of a cube 
with the opening at one corner; and the volume 
of the bottle was so adjusted that it contained 
62.3 pounds of water. The capacity of the 
reservoir was about 38 cubic feet.

In the use of the scale thus provided, frac­ 
tions of a cubic foot were read by means of a 
small free scale of equal parts applied obliquely 
to the space between two lines of graduation.

THE OBSERVATIONS.

The record of an observation included (1) 
the width of gate aperture, (2) the time inter­ 
val, by stop watch, during which the water 
was delivered to sump No. 2, (3) two readings 
of the hook-gage scale, and their difference, 
giving the volume of water received by the 
sump, and (4) two gage readings of water 
level in the upper tank, one just before and one 
jiist'after the period of volume measurement.

The quotient of the volume of water by the 
time in seconds gave the discharge for the 
indicated width of gate opening. The readings 
of the high-tank water level gave data for a 
correction to the head, resulting in a small 
correction to the computed discharges.

It was found that repeated observations 
vdth the narrower gate openings gave, results 
nearly identical, while the results for wider 
openings showed more variation. The obser­ 
vations with wide openings were accordingly 
multiplied to increase the precision of the 
averages. The variation was ascribed to pulsa­ 
tions of the flowing water originating in the 
stilling tank. The general precision of the

accepted values of discharge, listed in Table 2 
(p. 23), is indicated by an average probable 
error of ±0.2 per cent. The largest computed 
probable error is ±0.4 per cent, being that of 
the discharge for a gate opening of 6 inches.

The general formula for discharge through a 
rectangular orifice when, as in the present case, 
the vertical dimension of the orifice is small in 
relation to the head, is

in which li is the head, measured from the 
middle of the orifice, Id the area of the orifice, 
and c the constant of discharge. The observa­ 
tions give the following values of c for different 
settings of the gate:

Width of gate 
opening.

Inches.
1
2
3
4
5
0

Mean. ....

Value of c.

0.704
. J03

-.667
.677
.677
.684

.686

For a " standard " orifice 2 inches square and 
a head of 6 feet Hamilton Smith's tables * give 
0.604 as the value of c. The inner surface 
about the standard orifice is vertical and plane, 
whereas the surfaces about the orifice of our 
gate were oblique. The oblique guiding sur­ 
faces served to increase the velocity at the 
orifice and thus enlarge the constant of dis­ 
charge. The variation of the constant with 
width of opening is probably connected with 
the fact that the beveled surfaces were not 
symmetrically arranged about the opening. 
On three sides they made an angle of 45° with 
the vertical plane of the orifice, but the edge 
of the slide, constituting the fourth side, was 
beveled at a smaller angle.' The constants of 
the gate were thus affected by the conditions 
of its setting and a new rating would be neces­ 
sary with a different setting.

i Hydraulics, p. 58.
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