Chapter 25  Tank Over Tank

Tank over Tank Level Control Lab

Level Control
of Upper Tank
with Multiple
Drains and
Feedback frormr
Level Sensor

Flow Transmitter
FSA7542-6H

Level Sensor
SLT1005-L30

Liquid Flow Meter Plastic 1/2" NPS Threaded
PRODUCT IB28 $9.95

Purpose of the Lab From experiences in industry, one individual stated that an auto controls
course need only teach students to tune outer loops slow and inner loops fast to be successful
with instrumentation applications. This stuck with this author and there has aleaysddsire

for students to have such an experience with a visual loop within &£loop.

Materialsi The tank with level control, flow controls, a bilge pump and PLC.

Costi The cost of these systems is approximately $1500/each. The lab pictured bedawirig
completion for implementation in multiple labs. While relatively expensive, large and clumsy, it
promises to replace units commercially available in the $30K range/each. The major cost is the
plastic of the systerhroughly $1000. It provides ¢-within-loop control of level control in

the upper tank.

Benefiti This lab has been implemented on one system and that system used as a basis for

building of eight new systems. Today the controller, flow control elements and level control
elements arevaiting final mounting on these eight vessels. The design was updated with new
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flow meters. In the course of the design, two level controllers were tried and failed. The third
finally worked. The benefit of trial and error led to a good design thekswdl he experience of
building and programming this lab was of great benefit to the experience base of the staff.

Challenges Challenges of this lab include final commissioning and writing of the auto control
labs. These units are beautiful and whiba eight lab groups to conduct and actually touch the
equipment and experience the joy of testing their skills at setting up an automatic system and
tuning the PID parameters to discover for themselves that inner loops should run fast and outer
loops runslow.

From Engineering Toolbox:

The liquid outlet velocity when draining a tank or a container can be calculated
v=Cy(2gH)¥2 (1a)

where

v = outlet velocity (m/s)

Cv = velocity coefficient (water 0.97)

g = acceleration of gravity (9.81 m/s?)

H = height (m)

The liquid volume flow can be calculated
V=CqA (2gH)2 (1b)
where

V = volume flow (m3/s)

A = area of aperture - flow outlet (m2)

Cq = discharge coefficient

where

Cda=CcCy

where

C.¢ = contraction coefficient (sharp edge aperture 0.62, well rounded aperture 0.97)
A = area aperture (m?2)

Example- Volume Flow when draining a Container
The height from the surface to the outlet aperture in a water filled container is 3 m. The

aperture is sharp edged with diameter 0.1 m. The discharge coefficient can be

calculated as
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https://www.engineeringtoolbox.com/accelaration-gravity-d_340.html

Cq = 0.62%0.97
=06

The are of the aperture can be calculated as
A="(0.1m)/2)2

= 0.008 m2
The volume flow through the aperture can be calculated as
V =0.6(0.008 m?) (2 (9.81 m/s?) (3 m))1/2

=0.037 m3/s

For height 1.5 m the volume flow is 0.1 m3/s. For height 0.5 m the volume flow is 0.06

m3/s.
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v |g Program blocks
I Add new block

& Main [OB1]
3 Startup [OB100]

SuUB CONV
Auto (Int) Int to Real MOVE
EN — ENO EN ENO EN — ENO —
WW1002 Mwiso Mwi8o WMD96 WW1002 WIwi 78
“Pulse_Raw_Cnt" — |N1 QUT — "Pulse_This_Scan®  "Pulse_This_Scan® — |N ouT — “Flow_PV* “Pulse_Raw_Cnt" — |y 3¢ QUT]I — "Pulse_Raw_Last"

W1 78
“Pulse_Raw_Last” — N2
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false = ErrorAck

BloE —ecer

—| I— ManualEnable

70.0 — Manualvalue

Flow_Rate®

PID_Compact @@
EN ENQ —
WMD114 Scaledinput — 0.0
“Flow_A" — Setpoint YMDE6
%MDI6 Output — "Level_Output®
“Flow_PV" — Input Output_PER — 0
0~ Input_PER Output_PWM —ialse
0.0 — Disturbance SetpointLimit_ )
H=—tfalie
w14
“junk1®

InputWarning L —tfalse
WWe4
State — "state_Level"

Error —ialse

M1.5 ErrorBits 1620
= o — 1650
X" — ModeActivate
WMMW70
“mode” — Mode =
NORM_X SCALE_X
Real to Real Real to Int
EN ENO EN ENO
0.0— MN %MDBO 0— MN %QWI1000
WMD66 OuT — “Level_O_Norm* %WID80 OUT — “Level_PWnF
“Level_Output® — VALUE “Level_O_Norm® — VALUE
100.0 — MAX 10000 — MAX
NORM_X SuUB SCALE_X
Int to Real Real Real to Real
EN ENO EN — ENO EN ENO
0= MN %WD104 1.0—iN1 %WD104 0.0—MN %WD108
WUWE4 OouT — "Level_In" “MD104 OuT — "Level_In" “MD104 out — “Level
“Analog_Input_0" — VALUE “Level_In" — N2 “Level_In" — VALUE
12750 — MAX 100.0 —jee
“Level_Rate”
PID_Compact
EN ENQ —
%D118 Scaledinput — 0.0
“Level_SP" — Setpoint D114
%WD108 Output — "Flow_A"
“Level” — Input Output PER — 0
O~ Input_PER Output_PWM —ilse
0.0 — Disturbance SetpointLimit_ )
H=—tfa
%WM1.6 I
“Level_Man_En" — ManualEnable SetpointLimit_L ; Is
InputWarning_H —ifalse
WMD174

“Level_Man_a" — ManualValue
false = ErrorAck
faloe m—pecer
WM1.7
“Level_Mode_Act® — ModeActivate

MW 12
“Level_Mode® — Mode

InputWarning_L —tfalse
WIW64
State — state_Level”
Error —
ErrorBits — !
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NORM_X SCALE_X
Int to Real Real to Real
EN ENO EN ENO
0— MIN %MD122 0.0— MN %UID126
wMD114 ouT “Flow_N* “MD122 out “Flow_sP*
“Flow_A" —FIVALUE “Flow_N" — VALUE
100 MAX 700 MAX
WS
"
{R}
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“Level_Mode_Act”
{R}
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