SRR B ol BRI
REEOAG 77 :
I
REC-ERC-72-3 iy
V . . it ] ;‘ "Ic

byl ’\GT ETTOTE YIIE LT Fr4E

5 AUTOMATIC DOW, STREAM CONTROL
-~:':"0Fc”"ANALs ST

1.
1

. J.C.Schuster
" E.A. Serfozo _
_Engmeermg ‘and Research Center

o Bureau of Reclamatlon

AP .

 January1972 -




MS-230 (8-70) :
Bureau of Reclamation . EPORT STANDARD TITLE PAGE
!. REPORT NO. L FEEEENE g 3. BECIPIENT'S CATALOG NO.
REC-ERC-72:3 Tereids : ” o :
4. . TITLE AND SUBTITLE . 5. REPORT DATE
Study of Hydraulic Filter Level Offset {HyFLO]) Jan 72
Equipment for Automatic Downstream Contro! of o . " { 6. PERFORMING ORGANIZATION CODE
- Canals . : :

T

7. AUTHOR(S) - : . B. PERFORMING ORGANIZATION
REPORT NO.

J. C. Schuster and E. A, Serfozo . SR REC-ERC-72-3
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NO.
Engineering and Research Center ' )

Bureau of Reclamation g = : 11. CONTRACT OR GRANT NO. |
Denver, Colorade 80225 . i

i
D

! TYPE OF REPORT ANO FERI
- COVERED s .
72. SPONSORING AGENCY NAME AND ADDRESS N - S .z

Same

+ SPONSORING AGENCY CODE

5. SUPPLEMEMTARY NOTES

Iy o )

16. ABSTRACT

The Hydrautic Filter Level Offset {(HyFLQ) system “for automatic downitream contro! of canals was
mathematically modeled, designed, and constructed by the.Uni-.iersity of California at Berkeley and the Bureau
of Reclamation Office, Sacramento, California. The HyFLO system is a feedl:ea’-_’f:k control method -that
automatically adjusts the canal inflow from water leve! offsets caused by the cana! outfiow: Mechanjcal and
electrical problems occurred in a field trial of the system, and the equipment-was sent to the Engineering and
Research Center, Denver, for testing and evaluating, The HyFLQ equipment was installed in the laboratory to
sdi_g‘ulate one section of canal between two radial gates. After some equipment modification, the laboratory
iriodel satisfactorily simulated mathematical predictions of gate opening and water level changes in’ the canal
section. Upon completion of the laboratory testing, the equipment was installed on one section of the Corning
Canal near Red Bluff, Califorria. The equipment is now controlling the floﬂsa‘t‘iﬁactorily. : T

A

17.KEY WORDS AND DOCUMENT ANALYSIS : . :

9. DESCRIPTORS-- /downstream/ *control/ automation/ *automatic control/ irrigation canals/ *canals/
“hydraulics/ damping,“timing circuits/ control systems/ water levels/ water level fluctuations/ offsets/ analog
computers/ laboratory tests/ test results/ simuiation/ mathematical models '

i

b. IDENTIFIERS-~ /schematic diagrams/ “equipment design/ Corning Canal, Catif

“

. L?L‘ ' - ! o
c. COSATI Field/Group 13G o T e .
18. DISTRIBUTION STATEMENT . - I 19. ?Ti?suaﬂz':o‘;'ﬁ LASS.J2T. NCOF PAGE
Avdilable from the Ndtiona! Technice! Information Servite, Operations UNCL ASSIFIED -
Division, Springfield, Virginia 2215} E ) .

‘ ' ‘ o T 20. S5ECURI|TY CLASS

_ . ) : -~ [THIS PAGE)

UNCLASSIFIED




'REC-ERC-72-3

* STUDY OF HYDRAULIC FILTER LEVEL
OFFSET (HyFLO) EQUIPMENT FOR
AUTOMATIC DOWNSTREAM CONTROL
OF CANALS

by |
- J. C. Schuster
E. A. Serfozo

January 1972

Division of General Research
Division of Design
Engmeerm§ and Research Center
Denver C orado

UNITED STATES DEPARIMENT OF THE INTER]OR
Rogers C. B. Morton . ;
Secretnry

*

BUREAU OF RECLAMATION
Ellig L. Armstrong fo
Commissioner




o
R

ACKNOWLEDGMENT

This report prepared in the Hydraulics and Electncal Branches resulted
from the cooperative effort of C. P. Buyalski,. Regional Director’s
Office, Sacramento, California, and J, G.. Hoffman, - Hydraulic
Structures Branch, - Engineering  and * Research, _Center, Denver..
‘Background information and equipment for the studv were furnished

from the Regional Oﬁlce. '

Funds for the study were supplied principally by tha Open and Closed
Conduit System’ Comm:ttee as part of on gomg research at the E&R
Center,




. _ " ; - R " = ! ‘\"‘\‘
A - I By
' CONTENTS
7 Page
Introduction -~ . | . - e e e e e e .. : 1
Analog Computer Contmlier e e e e e e e e . . . ..
General , . -, , " e T - . . 2
Modaf‘ cations to Ongtnal Equapment ' ' - e e 2
Laboratory Simulation. . . N
Operation ., . . . o |
Contro! System Study Results :;__. P . . e e . it 6
Hydraulic Filter . ., ., A ... N
‘ ControlT|me Constants . . . .. . %\\\f B
‘ . = ‘_H/ ! . R ’ ' 7 =
B Analysis ., . . R . . . . . . . 9
Time constant measurements . e e e . . . - 1 ™
N Stiiiing weli measurements T T - "
~ Conclusions . . . . . . VP
Applications . - . . . . LUF L L L L e e WS L 13
References” . . . ... . .00 & o 0 0 L isL L L s S e D .14
i ﬂ ‘ﬁ(
' LIST OF TABLES
Table - | R N
1 - Summary of filter well time constants B R K
2 Summary of stilling woll time constants S |

i
i

LSt of FIGURES

;

Figure i
_ 1 Schematic of downstream contro) by the HyFlomsthod . . . : . .". . . 1
! 2 The response of a single 'reach to sudden increase in ‘ . "
demand at the lower end e e e e e e e e e o1
3 Analog computer-controlfer dlagram e e e B 2
"4 Block diagram of Cormng Canal prototype equupment oo 0. .. 3
5 Laboratory simulation of ‘canal section . ! : A ' 4
- 6 Components of hydrauhc tume delav and water Ievel _
. . Coosensor L, L. . oLoA o, L e eie v s .. B s
By 7 ¥ Transients predicted by mathemattcal model of Cormng o )
E Canal . . . . . .., 0t .. e e e e e . .. B
8 Water level sensing using water-f;lled brass tube U
and pressure transducer -, . . ; . e el e . 7.
9 Laboratory simulation of rnathematical modei predlctlon : L 4 '
- of canal reaction to 50-cfs delivery near Check No.2 . © B
B Corning Canal (pressure transducer sensor) . . . . . S. ... ... 8
s 10 Five-inch and twelve-inch float actuated water level : ' o

sensorsg

b B ] . ! =




CONTENTS—Continued

Laboratory snmu[atlon of mathemat:cal model predictlon
.of canal reaction to 50-cfs delivery near '
Check No. 2—Corning Canal {5-inch float sensor)
Time constant measurements HyFlo W|th pressure
transducer sensor ® -
Hydraulic time delay 6-inch stillmg well and
plastlc E> q for clean water supply .7 . . .




INTRODUCTION

A development program with the University of

California at Berkeley, sponsored by the Bureau of
Reclamation, produced a mathematical modet and
equipment for automatic downstream control of canal
check gates.® 2 3* The feedback contrel system,
named Hydraulic Filter  Level Offsef.

offsets caused by the canal outflow (Figure 1). Changes

in the position of the upstream gate are proportlona! to

the offsets in water level, Figure 2,
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Figure 1. Schematic of downstream contrul by the
HyFLQ method, ) ‘ iy,

The HyFLO method is a closed-loop con'htrol system in
which the control action is proportional: to the
downstream water’, level. The response of the controfler
has to be in “real time” which is governed by the time
constant of the canal section under control The time
response of the system is in the order nf 2,000 to
3,000 seconds. Because of the long time constants, a
hydraulic time defay circuit -was designed for the

HyFLO control system. The hydraulic filter includes a -

capillary damping tube open to the canal ‘.tl”lng well
level and connected to a smaller secondary! .well Flow
into and out of the secondary well is oomputed to have
a linear relation to the head across the caprllary A
sufficiently fong time constant necessary to control the
canai flow was obtained easily with the hvdrau!:c delay
circuit. Field trial of the method was deswable to
confirm the analytical studies.

i
*Numbers refer to References at end of text.\é
1
I

(HyFLO),
automatically adjusts the canal inflow from water' level

(L "
OFFSET

Figure 2, The response of a single reach to sudden
increase in demar_)d at the lower end,

" Equipment was built to verify the mathematical model

and the Comning "Canal, Central Valley Project,
California; was used for th@ test installation. A series of
conditions were smufated on a digital computer using
the mathematical mode! to predict the water level
changes and gate movement for specified outflows.
These outflows were repeated in- the. canal with the
HyFLO equipment instalied to contro! four radial
check gates. During the test period, difficuities were
experienced in the electronic circuitry so the test
results were not entirely satisfactory. Since difficulties
in the electronics were experienced during the field
tests, the transmitters, receivers, and the - analog

" computer-controller were sent to the Engineering and

Research Center, Hydraulics Branch, Laboratory
assistance was requested in resolving a transducer
sensor malfuriction, a power supply failure, and
"noise” in the receiving and transmitting system. A
laboratory simulatfon of a canal reach was constructed
through the efforts of Electrical, Hydrauluc Structures,
and Hydraulics Branches.




ANALOG COMPUTER-CONTROLLER
General

The computer-controlier includes operational
amplifiers for analog computing of the appropriate gate
position, thure 3. The input signal 1o *he controlier is
the dejayed signal output. of the float-driven

potentiometer in the hydraulic filter. The hydraulic’

filter must be located near the first check downstream
from the contralled check. The voltage change of the

fioat-driven potentiometer is converted to a variable 5-

“to 25-hertz signal,
analog transmitter.

utilizing ‘a voltage-to-frequency
The Jlow-frequency signal .

transmitted to an appropnate receiver at the controlled ‘

check structure.

The receiver converts :the 5“9’ 25-.1ertz slgnai t6"a

current output of-G7 to 5 m:lhampPrEs. The output:

current ‘15 “used to- operate the“ analag
computer-controller. Operatlon of the controller Is as

follows: j;’

The initial, conditions for - the analog computer are
entered via the operational amplifier feedback resistors
and input potentiometer adjustment, A “target depth”’
adjustment must be made to define the “zero flow”,
starting point for the controller. The actual. gate

position is fed into the analog-computer to provide the

. -lBY
TARGET ADJUST

TO 5K
BURIED
CABLE 10 TURN

f

5-25 H
INPUT >

QATR=-20
RECEIVER
Q-5ma

5K
TO GATE

GATE
PDSITION

“Lower"

operatlons

~——ANALOG COMPUTER

necessary feedback for “anti-hunt” operatiori, Th?gate
position is converted to a voltage suitable for operation
of the analog computer by a potenuometer connected
to the gate drive motor shaft.

The output-of the anafog computer . opérages-' into

‘complementary Schmitt triggers. The Schmitt triggers

operate when the positive or negative output voltage of

‘the analog computer reaches a preset value. When the

preset vaiue is reached, the appropriate “Raise” or
Schmitt trigger operates and energizes the
gate motor, The gate’ motor will run until the value of
the analog computer output reaches an increased or
decreased preset value. The- output signal of the
analog-computer is regulated from the feedback signal

- .input of the gate position potentiometer, The gate wil!
“perate for a'fixed time determined by the voltage
“on’’ and “‘off" ad]ustments preset into the ‘Schmitt -

triggers. - The . time between gate operstions Iis
propartional to the rate-of- -change of the water level at

the downstream gaging point. The “hydraullc filter

tirne  constant prowdeo the.. proper tlme for ‘gate

Madifications to Original, Equipment,_

The operation of the analog computer—controller was
improved by mod:fying the original - equupment as
follows: ] _ ' o

GONTROLLEF\‘——-—*-
A . |DEAD BAND

|
1 ADJ.
1
! ¢
C ) SCHMITT
— TRIGGER
(RAISE) RATEE
RELAY
DEAD BAND
Lo

Figure 3. Analag computggecontroller diagram,

ADJ|,

SCHMITT:

TRIGGER
(LOWER) LOWER .
RELAY "




a. Chassis and circuit commons were separated.

b. Linearity of the Schmitt triggers was improved
by changing component values.
improved with addition of capacitors.

¢. An impedance matching amplifier was inserted -

between the gate potentiometer output, and the
analog computer input to prevent Ioad:ng

d. A 100-uf capacitor was inserted across the
output of the Quindar QATR-20 receiver to
improve  its  low-frequency. performance while
operating into operatlonal -amplifier-type C|rcu|ts
e AD. 001-;.1f capacnte' was installed across’ :e;stor
R27 in the u OATR- 20 receiver to
high-frequency self-oscillation due to operation into
the ~ first operational amplifier of the analog
. computer-controller, ’

f. RC networks were added across the coils of the
transmitting and receiving relays tco eliminate

B"CEJVER

_Stability was

prevent -

el

{f

L ;
“'gn voitage spikes being produced by switching of
the high-impedance coils,

g.- Shielded wire was used to connect ali inputs to
analog computer-contmiler to - reduce 60-hertz
pickup.

LABORATORY SIMULATION

Equipment was installed in the Hydraulics Branch to
simulate one section of canal between two radial gates
{heavy dashed llne) F|gure 4. A steel tank representlng
the canal sttllmg--‘_e!lk_‘was connected 10 -a metered
water mflow .and drain to changﬂ the water level
manually, The hydraulic filter Wwell or “tirne . defay

circuit
computer-controller,

was installed i the‘well T!"a

transmitter- -receiver,

analog
and,

simulated gate honst were placed on =n adjacent table,
Flgure LR CA ‘ .

The

voltage’ output necessary to operate the

“ transmitter was devek)ped in the hydrauhc time delay

(Yp-l

3

TARGET
DEPTH
i)

CONTROLLER
Gp= GAIN (Y, <Y |

—

TRANSMITTER - . ‘

tre GATE
POSITION
{Ga}

COMPARATOR
2862 G, -Gy
b

( Pl .j

CHECK ND.2, MILE 6,02

HMOTOR
CONTROLLER

HOWMENCLATURE

Tr = MEASURED DEPTH INSIDE HYDRAULIC FILTER WELL
Y+= TARGET DEFTH WHEN 0 =0
GAIN « PROPORTIONAILITY CONSTANT
Go= COMPUTED DESIRED GATE OPENING
Ga® ACTUAL MEASURED GATE OPENING
140 =0IRECTION AND AMODUNT OF GATE TRAVEL

A

COMMUNICAT (N CHANNEL
iu_ensan, 2 WIAE, BURIED CABLE]

REGEIVER
(v

T

TARGET
DEPTH
A¥y)

CONTROLLER
"By GAIN [Y =¥, )

TRﬂN‘SHIT TER.

T

(¥e

COMPARATOR
+86= 6, -6,

GATE
POSITION
15,7

.MOoTOR
CONTROLLER

THECK NO. 3, MILE 6.08

Figure 4, Blo.k dﬂiagram Corning Canal prototype equipment.
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Photo PX-D-70736

Data r¢cOrders i

Figure 5. Laboratory simulation of canal section,

circuit using a float-operated potentiometer. The
movement of a 2-1/2-inch (6.3-cm} diameter float in
the delay well was transferred by a perforated brass
tape. to  2-inch (5.1-cm) diameter pulley on_ the

potentiom eter shaft, Figure Ga. The _voliage change in..

the potertiometer is a measure of the offset of the
water level from a preset “‘target” level, Figure 1. The
time delay between the change in the canal stilling well
and the hydraulic filter well levei was controlled by the
ratio of the inside diameters of the: filter well 4 inches
(10.2 cm) and capillary tube, 0.13 inch (3.2 mm)}, and
the 80-inch (2m} length of capillary tube,
Mathematical relationsnips given in the anatysis were

Simulaled Canal Section
with stiiling well contain-
ing hydraulic friter
and water level sensor

with -

analog computer and
gate hoist on tabte

Receiver and
transmitter

Analog

Gate hoist
: ' Computer-controller

system was limited by laminar flow in the capillary
tube to minimize the potential oscillation of a wave
traveling between two gate structures, Figure™d:

OPERATION

The main objectives of the simulation in the laboratory
were to improve the performance and the reliability of
the field equipment. Because difficulties had been
encountered in the field, the laboratory problem
inciuded the developing and refining of the hydraulic




&‘ b. Assembled components.
K Phato PX-D-70730
A

c. StHing  well parts except‘
2-1/2-inch fioat in well, Photo
PX-0.70731

a. Float pulley on shaft of potentiomater, and
perforated tape attached 10 fivat. Photo
PX-D-70732 '

EARANERES LY

d. Capillary damping tube and bypass drain. Phato PX-D-70733

Figure 6. Co_m;;nne:;ts of hydraulic time delay and water level sensor.




time delay circuit and water level sensor.and improving
the operation of the electronic controtler. The input to
the laboratory systém corresponded to the input to the
mathematical model. A water level change in the canal
stifling well caused by a 50-cfs (1.4-cu m/fsec) delivery
from the section was computed from the mathematizal
model, Figure 7. The indicated change was manuatly
controlied into and out of the laboratory stilling well.
Records were made of the change in stilling welt fevel,
the water leve! in the filter well, and the indicated gate
opening. The laboratory records were then compared
to the predictions from the mathematical model,

 CONTROL SYSTEM STUDY RESULTS
Hydraulic Filter

A . continuouss chkange in the OoDutput of the
potentiometer with changes in the water surface level
in .the filter well is a desirable characteristic. Initial
operation of:the control systern showed the:2-1/2-inch.
{6.3-cm} diameter float produced too small a force 10
smoothly drive the tape, pulley, and potentiometer. In
the attempt to rninimize the filter wel} size (4 inches,

;- 10.2 cm) for ease of installation, the float was too
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small to gvercome static frlctlon This resulted in not
being able to repeat the target elevation. :

A 0.15-font {45.7-mm) step in gate opening was

selected to prevent corznuous operation of the hoist

motors of the radial g:tes. The design of the control
system provided this 0.15-foot step for a water level
offset of 0.019-foot {6.7-mm}. A water level changs of
0.019 foot on the 2-1/2-inch-diameter float produced a
force of about 0.6 cunce {17 grams}. A 2-inch {5.1-em)
diameter pulley applied 0.6 ounce inches {43.2 gr-cm)

to the potentiometer. Measurements of torque.showed -

an 0.18-ounce {5-gram) weight at 1 inch was sufficient’
to turm the potentiometer shaft. The static friction
became too -large for reliable movements after the
float, tape, and counterweight were aumd to the
pulley, Flgure fa.

A study was then made to find a float size or a
substitute means for measuring the water level with
greater sensitivity, Because of the satisfactory
resolution and sensitivity of a pressure transducer, a

sensor was constructed to replace the float. A 1-psi =%

strain-gage-type transducer was connected to a 1/8-inch
{3.1-mm) outside diameter by 3/32-inch (2.4-mm}
inside diameter brass tube. The tube and transducer
pressure chamber were filled with distilled water. The
tube was inserted into the filter well in place of the
tape and float, Figure 8. For a computed time constant’
of 1,900 seconds in the laboratory hydraulic filter, the ~
gate’ responded seven times in opening and two times in
closing during operation, Figure 9.

Figure B. Water level sensing using water filled brass tube
and pressure transducer, Photo PX-D-70735

“conditioning " cirouit.

Reversal of the time scale. in the laboratory data was
necessary because the maximum water surface
elevation was also the maximum voltage of the system.
Time references were placed at the right instead of the
left of the recordef chart, the reverse of Figure 7.

The pressure transducer was an ideal water Ievei sensor
but required an - additional - high-stability sngnal
' Simplification . of the system
suggested that the float-potentiometer sensor be used
but increased sensitivity be obtained by a targer float.
The uniformity of the output of the potentiometer was
measured for 5- and 12-inch {12.7- and 30.5-cm)
diameter floats attached to the tape, Figure 10.

The. 12-inch float, tape, potentionjetér, and
counterweight reacted to water level changes in the

“stilling well with a sensitivity equal to the pressure.

transducer. To accommodate. the 12-inch float an
unw1eldy size of filter well would be necessary and,
cause difficuity in mstallatlon

Because of .the smaller size and good response a Beinch
float was selected for investigation and a 6-inch

" {15.3-cm} filter well was constructed to accommodate

the float. Operation of the syster;\ using a computed
time constant-of 1,500 seconds produced seven steps in
opening the gate and three steps in closmg the gate,
Figure 11.

The time of the gate opening was controlled by the
sensitivity of adjusting the voltage of the Schmitt:
trigger. Variance in the order of plus or minus 0.03 volt.
in 1 volt of level- was part of the cause of the shift
shown by the time marks “from the mathematical
model placed near the recorded gate openings on
Figures 9 and 11.

The potentiometer voltage output was not as uniform
as that for the pressure transducer. Friction again
caused a siight stepwise variation but the voltage steps
were small. The reaction of the control appeared to be
unaffected by the slight nonuniformity of
potentiometer output. ’
Agreement between the mathematical model and
laboratory simulation was better with the float than
with the transducer in their respective stiiling wefls.
The "mathematical model computed the transients in
Figure 6 from a time constant ‘of 1,900 seconds. The
filter well containing the transducer had a computed
time constant of 1,900 seconds and a measured
constant of 2,660 seconds for a 0.22-foot step function
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Flgure 10. Five-inch and twelve-inc.. ..o agugtea water
level sensors. Photo PX-D.70724

"

in head. The filter well for the float had a computed

time constant of 1,500 seconds and a measured

constant of about 2,150 seconds for a 0.21-foot step
function in head. The time constant of 2,150 seconds
was closer to the mathematical’ model ‘and’ thus the
hydraulic filter with float gave better correspondence
between- theory and experiment. :

Control Time Consr.mt
Analys;s ~Wave travel times in the sections of Corning

Canal had been computed by personnel at the
Ustiversity of California.® These times were used with

derived equations to compute the sizes of the stilting

well and capillary damping tube, Figures 6c. and d. The
equation of continuity for the filter is:

q¢ o= the flow into the filter well .

a = the water surface area in the well

Ahg = the change in the water level in
the well

dt = change in time correspondmg to

the well change

1

The energy «quation for head loss across the capillary
with entrance and exit fosses neglected is:

by —dng- 4= AL 2 (2}
Y — 4
" el nde2/y
where e
:.f_ﬁy = the displacement in canal depm
- from a steady state
f = . the friction factor
L = length of the capillary tube
d. = the inside diameter of the tube

For linear damping, flow through the capillary tube
should he lamirar. The friction factor i is thus related to
the Heynwds Number by:

f=oero {3)
where {as/md2) dg e
Ng = ——— — .
" 4 T4 .
y' = the kinematic viscosity

of water

Equations {n, (2}, {3), and {4) combine to give a
differential equation for the hydrautu: f:lter

dAhf
| dt + {Ahf—Ay) {5)
where :
K = 12800
ngdg

&

The initial conditions of control at time t equal to O
will have the canal leve! and filter well level at the same
elevation. Thus Ahf will be equat to 0 and the solution
to.equation {5) is: =
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Ahf=ay (1 —e~ty)
where

tg=ak =  time constant for the hydraulic
filter :

Ay = canal level change

The time constant T in terms of the physical
dimensions of the filter is:

. (md2f) (128v1)
4 ﬂgdc4

o 2 3L a2t
g

Time constant measurements.~The time constant of
the hydraulic filter was measured hy monitoring the
voltage output of the float-driven potentiometer and
noting the time elapsed for the initial voltage to
decrease to 63 percent of its value. The value of 63
percent of the maximum voitage is based on the
following equation for the discharge of a capacitor:

T = Vmax (1 - e~tp)

Vmax = Maximum voltage
potentiometer att=0

output of
where
T = time t; = filter time

for:

T = 14 the equation reduces to:

T=Vmax {1 —e— 1) = Vmax (1 —-1—>
[
T=Vmax {1 —~0.3679) = 0.6321 Vmax

Major differences were found between the times for

the filter to reach 0.63 of a step function as computed
and ‘measured in the laboratory. The indicated time
constant varied with the size of the step function,
Figure 12.

For the capiltary tube (0.9-inch .(22.8-mm). long by
1/32-inch (0.8-mm)} inside diameter), time constants
for small step functions were in closer agreement to the
computed value. Computations of Reynolds Numbers
from measured data showed that near turbulent flow
conditions were present for the larger steps, Thus,

conventional analysis does not appear to account for
the excess entrance and turbulent losses accurring in
the tube. Time constants associated with small steps or
ramp variations normally encountered in the level
change in the canal stilling well would be more closely
computed by Equation 7.

Table 1 is a summary-of the computed and measured
times for a series of capillary tubes used in this study.
The time constants apply: t¢ hoth.the 4- and &-inch
filter wells. Data were taken throughout the study of
the HyFLO control as filter well configurations were
changed to provide desired time constants,

Fears were expressed that debris from the canal water
passing from the stilling well to the filter would plug
the capillary tubing, Because of the probahility, studies
of the HyFLO control system included a plastic bag
submerged in the stilling well to supply cleen water to
the fiiter, Figure $3. Time constants in Table 1 indicate
ihat no appreciable change was caused by the addition
of plastic bag and tubing.

Stitling well measurements.—Use of the canal stilling

well and a larger float {17 inches or more) was
suggested as a possible substitute for the control
hydraulic filter. Limited studies were made of the time
constants of the laboratory well, Table 2.

For the three tulies cited, Reynolds NMumhers near the

_transition range of 2,000 occurred for step AH values

of 0.2 foot. Excess losses were evidenced by the lack of
agreement between the computed and measured time

‘constants.: - . B

CONCLUSIONS
Completion of the laboratory studies showed:

1. The HyFLO “system equipment with slight

modifications was capable of automatically.
cantrolling a gate supplying water 10 a canal section.

Modifications included -improving electrical
"components of the -computer-controlier and
increasing the size of the hydraulic filter to

accomodate a 5inch float in place of a 2-inch float.
- 2. The control would supply water on demand

from a delivery assumed to be located near the

downstream end of a canal section.

3. A hydraulic time delay circuit can provide a
“delay of sufficient fength to minimize oscillations
when changes are made in canal flows,
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Figure 12, Time constant measurements HyFLO filter with pressure transducer sensor.

4. The laboratory model satisfactorily simulated
predictions of gate opening and water level changes

in the canal section. Exact corresporidence. was not - -

obtained between the mathematicall model
predictions and the laboratory simulation because
of the voltage sensitivity of the Schmitt triggers in
the controlier and actual filter time constants larger
than computed from equations in the mathematical
model.

5. Additional studies of the hydraulics of the time
delay circuit should be made to produce an analysis
to account for the loss across the capillary tube in
excess of that predicted by equations from the
mathematical model.

6. Addmonal analytical and experimental studies
should be made of the system time constant to

determine the range of variance for satisfactory flow

control.

7. The gddition of a. plastic bag containing clear .
water will assist in keeping the capillary tube clean

~-and-the hydraulic time delay operating. The.time

constant of the delay was not appreciably changed
by the addition of the bag and connecting tubing.

8. Substitution of a stable electromv" ‘time delay
would allow use of a large float in the stilling well
and would eliminate the maintenance necessary to
assure satisfactory operation of the hydraulic time

= delay.

9. A float, tape, ~pulley; and potentiometer
combination is a simple and satisfactory way of
sensing water level and transferring information to
the analog-computer. A 5-inch float produced a
satisfactory -force to operate the sensar. A larger
float would be desirable for long-term operation of
'the mechanical parts as friction increases with age.:




Table 1

SUMMARY OF -FILTER WELL TIME CONSTANTS

Capillary tube

Compute;:i

Inside
diameter
{inches}

Length
{inches)

time
constant

Step
AH .
{feet}

. "Measured™
time
constant

. Remarks
(seconds} - T

1/32
{0.8 mm)

L/d=28.8,

0.13
(3.3 mm)}
L/d = 62b

3/32
{2.4 mm}
L/d = 307

0.9
(22.8 mm)

(seconds)

Y .
)

1,900

1,500

1,500

4-inch

G-inch

{12.7-cm) Float,

(pressure trans
1.0

0.22
0.10

1.0
1.C
2-1/2-inch F
0.18
0.1
0.2
0.1
{6-inch fio
0.22

0.20

0.2

(10.2-cm) Diameter Stilling We!l

{15.3-cm) Diameter Stilling Well

ducer sensor)

3,840 Flow out of filter well water

_ temperature 70° F
2,660 - i 66° F
2,285 : . 66° F

870 66° F

Qut, Temp

830 59° F

loat Sensor
“720F
72°F

72°F
72°F

5,400
5,280
**4,650
5,350

Qut, Temp -

In, Temp

at sensor)
2,180 Out, Temp

1,980 ‘In, Temp

Plastic Bag, and 12 feet of 3/8-inch Plastic Tubing ~~

-2,120 “Qut, Temp

2,120 In, Temp

*Time required to reach 0.63 of AH.
®*®Cause not determined.

0.21

10. A pressure tranducer has greater sensitivity to
water level changes, but stable signal conditioning .

equipment

and

transducer

are

continued satisfactory operation.

required for

11. Before genéral use is attempted, of the HyFLO
system, a careful study should be completed of the

operating characteristics of a si

by multiple units.

ngle canal controlled

APPLICATIONS

Upon conclusion of these laboratory studies, the filter
and a modified comparator were returned to California
and installed to control the Corning Canal. section
simulated in the laboratory. An initial trial period of-
about & months pricr to this report resulted in
satisfactory control of flow.in-the section,




Figure 13. Mydrautic time-delay E-inch stilling well and
plastic bag far clean water supply, Photo PX-D-70738

Refinement of the HyFLO downstream control
equipment and method is possible. Further ‘study of
the hydraulics of the filter should be made to produce
an analysis to account for the excess loss in the-
capillary damping system. A study of a stahle
electronic time delay could result in the elimination of
the hydraulic time delay. The electronic delay would
aillow use of a large float and potentiometer mechanism
to increase reliability and reduce maintenance costs of
the contro! eguipment. Time.constant studies in an
operating canat should include the allowable vanance
to maintain :.at:sfactory control of the flow.,

The HyFLO method of downstream control and
equiprnent of increased reliability should have general
use in existing and proposed water systems of the
Bureau. Before general use is attempted a careful
study should bhe completed of the operating
characteristics of a single canal controlled by multiple
units of HyFLO equipment.
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Table 2

SUMMARY OF STILLING WELL TIME CONSTANTS

Tube size

Inside
diameter
{inches)

Length
({inches}

Computed
time

... constant

{seconds}

Step
AH

Measured’

[feet)

*

o

time

constant

. {seconds)

3,
W

Hémarks

0.44
{11.2 mm})

0.44
{11.2 mm)

0.88
{22.4 mm)

600
{1,525 ¢m)

504
(1,281 cm)

B40
{1,372 cm)

2,440

1.0

7,440
4,570
" 5,860
4,760
3,800

700

/" Copper tubing
T=70°F
T=7°F

Sarah plastic

T=69°F

Garden hose
T=70°F

*Time required to reach 0.63 of AH,
Stilting well diameter 34.5 inches (87.7 cm).
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CONVERSION FACTORS--BRITISH TO METRIC UNITS OF MEASUREMENT

The foliowing conversion factors adopted by the Bureau of Reclamation are those published by the American
Society for Testing and Materials (ASTM Metrie Practice Guide, € 380-68) except that additional factors (*)
commonly used in the Bureau have been added, Further d:scussmn of definitions of quantities and units is glven in
the ASTM Metric Practice Guide, :

The metric units and canversion factors adopted by the ASTM are based on the “international System of Units™ .
{designated St for Systeme International d'Unitesl, fixed by the Internationai Committee for Weights and-
Measures; this system is also known 25 the Giorgi ar MKSA {meter-kilogram (mass)-second-ampere} system. This
system has been adopted by the international Organization for Standardization in 1SQ Recommendation 8/-31.

The metric technical unit of force is the kilogram-force; this is the force which, when applied to a body having a
mass of 1 kg, gives it an acceleration of 9.80665 m/secfsec, the standard acceleration of free fall toward the earth's
center for sea leve! at 45 deg latitiude. The metric-unit of force in SI units is the newton (N),; which is defined as
that force which, when applied to a body having a mass of 1 kg, gives it an-acceleration of 1 m/sec/see, These units
must be distinguished from the {inconstant) local weight of a body having a mass of 1 kg, that is, the weight of a
Lady is that force with which a body is attracted to the earth and is equal ta the mass of a body muoltiplied by the
acceleration due to gravity, However, because it is general practice to use “pound” rather than the technically
correct term * pound-fome " the torm "kilogram™ {or derived mass unit] has been used in this guide ingtead of
“kilogram-force™ in expressing the canversion factors for forces. The newtan unit of force will find increasing use,
and is essential in SI units,

Where approximate or naminal English units are used to express a value or range of 'values,'lhe converted metric
units in parentheses are also approximate or nominal. Where precuse English units are’ used, the converted metric
units are expressed as equally sngmﬁcant values.

Table 1

QUANTITIES AND UNITS OF SP;\CE

Muitiply .Bv . T obtain

LENGTH

25.4 (exactly)

25.4 {exactly) .. Millimeters
2.54 (exactly}™ Centimeters

30.48 (exactly) Centimeters
0.3048 {exactly)* . Meters
0,0003048 {exactly)” ) Kilometers
09144 {exactly) . Meters

1,609.344 {exactly)*® Meters

1.609344 {exactly} i

AREA

Square inches . . . : ", . Sguare eentimeters
Square feet g 829, . " Square centimeters
Sguare feet ; A ’ Sguare meters
Square yards ' . X : ; \ . Square meters

. Square meters
Square kilometers
Square kilometers

VOLUME

Cubic inches ' 16.3871 Cubic centimeters
Cubic feet . ) 0.0283168 , Cubic meters
Cubic yards o '0.764555 . - Cuble meters .

CAPACITY

Fluid ounces (U.S.} 29,5737 . Cubic centimeters
Fluid aunces {U.5.) R e Milliliters
Liquid pints {U.S)] . 0.473179 i i
Liquid pints [U.5.) 7 . : C 0.473166 : . Liters
Quarts (US.} *946.358 Cubic centimeters
Quarts (US.) *0.846331 Liters
Gallons (U,5.) , 785 Cubic centimeters
. Gallens [LLS.) ' -~ Cubic decimeters
Gallans {U.5.) A : Liters
Gallons{US.} ......... e i
Gallons (UK, ’
Gallons {V.K. . o 4, o . Liters
Cubic feet ’ 3 : ; Liters
Cubic yards . " Liters
Acre-feet ’
Acre-feet




Table {1

QUANTITIES AND UNITS OF MECHANICS

Multiply

By

To obtain

MASS

Grains {1/7,000 b} ,. ...

Troy ounces [480 grains]
Qunces {avdp)

Paunds [avdp}

Shart tans {2,000 Ib)
Short tons {2,000 ib}
Long tons {2,240 1b)

84.79891 [exactly)
311035
28.3395
0.45359237 (exacﬂv)
8907185 ...
0,907185
-1,016.05

. . Milligrams
Grams

Grams
Kilograms
Kilograms
Metric tons
Kilograms

Pounds per square inch
Pounds per square inch
Pounds per sgquare foot
Pounds per square foot

FORCE/AREA
0.070307

Kilagrams per square centimeter
. Newtons per square centimeter
.+ « Kilograms per square meter

. . Newtons per square meter

Qunces per cubic inch |,
Pounds per cubic foot
Pounds per cubic foot
Tans [long) per cubic yard

. . Grams per cubic centimeter
.. Kilograms per cubic meter
Grams per cubic centimerer

. Grams per cubic centimeter

Ourees per gallen [UA.5.)
Ounces per gallon {UL.K.)
Pounds per galfon (U5}
Pounds per gallon [V.K)

Grams per liter
Grains per liter

Blsllll& per III.KI
Grams per liter

BENDING MOMENT 02 TOROUE

Inch-pounds
Inch-pounds
foot-pounds
Foot-pounds , . . .
Foat-pounds per inch
Ounce-inches

0.011521 .
1.72985 x 106 |
0,138255 ., .
1.35582 x 107

Meter-kilograms

.+« Centimeter-dynes

.+ -+.. Meter-kilograms
Centimeter.dynes

Centnmeter k-lograms per centimeter

Gram-centimelers

VELOCITY

Feet per secand
Feet per second
Feat per year , .
Mitles per hour
Miles per hour

30.48 (exactty)
0.3048 {exactly)*
*0.965873 x 108
1,609344 {exactly]
0.44704 (exacthy)

Cantimeters per second
Meters per second
Centtmeters per second
Kilometers per hour
Meters per secand

ACCELERATION"

Feet per second?

Meters per second?

Cubic feet per second

{second-feet) ... ....,.
Cubic feet per minute , . . .
Galtons (L1.5.} per minute . | .

0028317
04718

.« ¢+ Cubic meters per second

Liters per second
. « . Liters per second

*0.453592
"4 4482

.+ Kilograms

Table || -Cantinued

Multiply

8y To cbtain

WORK. AND ENERGY"

British thermal units {Btu)
Britich therenal units (Bru)
Btu perpound . ..
Foat-pounds . .

. Kilogram calories
... dJoules
2. 328 fexactly} Jaules per gram

"1 35532 e

POWER

Horsepower . . . .
Btu per hour
Foot-pounds par second

- 745.?00
0.283071

Bty in./hr fi2 dearee F (k,
- thermal conductivity} ,
By infhr 12 degree F (k,
thermal conductivity)
Btu W/hr ft€ degree F , | .
Btu/he 712 degree F (C,
thermal conductance}
Btu/hr #t2 degroe F [C,
thermal conductancal
Degree F hr #12/Bw (A,
thermal resistance}

Btu/ib degrec F (¢, hoat capacity) .

Btuflb degree F
FtZihr [thermai diffusivity)
Et2/hr (therenal diffusivity)

Milliwattsfem degree C

. Kacalfhr m degree C
Kg cal m/hr me degree €

. Mil!iwanslcm"?“deg'eec
. . Kgcal/hr m2 degree
Degree C emZ/milliwatt
Jfg degree C

Calfgram degree C
Cm“fsec

Grains/hr 72 (water vapor)
transmissian) . .
Perms {psrmeance)

Perm-inches {parmeabilityt ... ..

... Grams/24hrm?
Metric perms
. Metric perm-centimeters

“ Tabtle It

OTHER QUANTITIES AND UNITS

Multiply

By To ebtain

Cubie feet per square foot per day [scegpage)
Pownd-seconds per square foot {viscosity)
Square feet per second (wscosul\r) \

Fahrenheit degrees (change) ®
Volts per mil : B a

L.umnens par square foat lfnnt -candles) . .

Ohm-circular mils per foot
Millicuries per cubic foot
Miiliamps per square foot
Gallons per squere yard
Pounds per inch :

3048 ........
*4.8824 . ...
*0,082903 , .

5/9 exactly . -
$.03937

.+« Liters per square meter per day
. Kilogram second per square mieter
Sguare meters per second

Cetsius or Kelvin degrees (change) ™
Kllovolts per miilimeter

10.764 . Lumens per square meter
0.001B62 . . ... . Ohm-squere millimeters per meter
735.3147 . Millicuries per culbic meter
“10.7639 , .. - Milliamps per square meter
*4 527219 , , , Liters per square meter
*5.1755%a Kilograms per centimeter

GPQ 840-309




ABSTRACT

fhe Hydraulic Filter Level Offset {HyF LO) system for zutomatic downstream contraol of canals

s mathematically modeled, designed, and constructed by the University of California at

rkeley and the Bureau of Reclamation Qffice, Sacramento, California, The HyFLO system is
¥ feedback control method that automatically adjusts the canal inflow from water level offsets

sed by the canal outflow. Mechanical and electrical problems occurred in a field trial of the
gstem, and 1he equipment was sent to the Engineering and:Research Center, Denver, for
Esting and evaluating. The HyFLO equipment was installed in the laboratory to simulate one
pction of canal between two radial gates. After some equipment maodification, the laboratory
"odel satisfactorily simulated mathematical predictions of gate opening and water |evel changes
h the canal section. Upon completion of the laberatory tésting, the equipment was installed on
ine section of the Coming Canal near Red Bluff, California. The equipment is now controlling

1e flow satisfactorily. L

ABSTRACT

he Hydraulic Filter Levei Offset {HyFLO) system for automatic downstream control of canals
as mathematically modeled, designed, and constructed by the University of Catlifornia at
Berkeley and the Burcau of Reclamation Office, Sacramenta, California, The HyFLO system Is
b feedback contral method that automaticatly adjusts the canal inflow from water level offsets
Faused by the canal outflow. Mechanical and electrical problems occurred in a field trial of the
stem, and the equipment was sent to the Engineering and Research Center, Denver, far

esting and evaluating. The HyF LO equipment was installed in the laboratory to simulate one -

Eection of canal between two radial gates. After some equipment madification, the laboratory

odel satisfactorily simulated mathematical predictions of gate opening and water level changes
n the canai section. Upon compietion of the laboratory testing, the equipment was instailed on
ne section of the Coming Canal near Red Bluff, California. The equipment is now controlling
the flow satisfactorily.

LI I T T I

TERbee v s

ABSTRACT

The Hydraulic Filter Level Offset (HyFLQ) system for automatic downstream control of canals
was mathematically’ modeled, designed, and constructed by the ‘University of-California at
Berkeley and the Bureau of Reclamation Qffice, Sacramento, California. The HyFLO system is
a feedback control method that automatically adjusts the canal inflow from water [evel offsets
caused by the canal cutflow, Mechanical and eiectrical probleras occurred in a field trial of the
system, and the equipment was sent to the Engirisering and Research Center, Denver, for
testing and evaluatir_\g. The HyFLO equipment was ins?eii_led_in the laboratory to simulate one
section of canal between two radial gates. Afier some equiﬁment modification, the laboratory
model satisfactorily simulated mathematical predictions of gate opening and water level cha'nges
in the canal section. Upon completion of the taboratory testing, the equipment was installed on
ane section of the Corning Canal near Red Bluff, California. The equipment is now controlling
the flow satisfactorily. =
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ABSTRACT

The Hydraulic Filter Level Offset {HyFLO} system for automatic downstream control of canals
was mathematically modeled, designed, and constructed by the University of Califarnia at
Berkeley, and the Bureau of Reclamation Office, Sacramento, California, The HyFLO system is
a feedbick control method that automatically adjusts the canal inflow from water level offsets
caused by the canal ocutflow. Mechanical and electrical problems accurred in a field trial of the
system, ‘and the equipment was sent to the Engineering and Research Center, Denver, for
testing anu evaluating. The HyFLO equipment was installed in the laboratory to simulate one,
section of canal between two radial gates, After some equipment madification, the laboratory
model satisfactorily simulated mathematical predictions of gate opening and water level changes-~
in the canal section. Upon completion of the laboratory testing, the equipment was installed on
one section of the Corning Canal near Red Bluff, California. The equipment is now controiling
the flow satisfactorily.
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