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ABSTRACT

This report describes the development of
instrumentation for field measurement of the

‘thermal effluent from power station outfalls. The

equipment consists of an array of five short
time-constant thermistor probes and a pressure
sensing depth meter which are towed from a survey
vessel. An inboard microprocessor-based instrument
displays simultaneously the five temperature
readings and the depth measurement on liquid
crystal displays. The sensor interrogation rate is
adjustable from 1 second upwards. Recording of the
sensor outputs together with real time is made on a
dot-matrix printer. A simultaneous fix mark
enables a correlation to be made between the sensor
readings and the vessel's position.

The results of field measurements of the thermal
outfall plume from Fawley Power Station are
presented.

A preliminary evaluation of the "Stewkie"
kite-mounted aerial photography system for
photographing thermal plumes is also reported on.






CONTENTS

APPENDIX

FIGURES

PLATES

Page
1 INTRODUCTION 1
2 EQUIPMENT DESCRIPTION 2
Sensors 2
In-board instrumentation 5
3 FIELD TRIAL 7
Measurements in the thermal plume
Aerial photography of the plume
4 CONCLUSIONS AND RECOMMENDATIONS 10
5 ACKNOWLEDGEMENTS 11
Manufacturer's technical literature
1 Thermistor assembly
2 Plan of experimental area showing
outfall position
3 Fawley outfall 20.3.85 near surface
temperature distribution
HW+ 1 hr to HW + 1.5 hrs.
4 Fawley outfall 20.3.85 near surface
temperature distribution
HW + 2.3hrs to HW + 3hrs
5 Fawley outfall 20.3.85 near surface
temperature distribution
HW + 3.5hrs to HW + 4.3 hrs
6 Longitudinal variations of temperature
during period HW + 3.5hrs to HW + 4.3hrs
7 Lateral variations of temperature 600m
from outfall at HW + 3.5hrs
1 Inboard instrumentation
2 The "Stewkie” Kite being launched
from the moored vessel
3 Photograph of the dye—enhanced thermal
plume
4 Aerial photograph showing the outfall

structure, the moored vessel and the
tracking vessel






INTRODUCTION

For many years Hydraulics Research (HR) has been
involved in studies aimed at predicting the
behaviour of thermal plumes emanating from the
offshore discharge of cooling water from coastal
power stations. 1In many cases, studies have been
carried out prior to power station construction in
order to optimise the siting of the outfall and
intake structures. Clearly any recirculation of
the heated water would result in a reduction in
power station efficiency.

Mathematical and physical models have been
developed to assist in the predictive process.
Proving data for these models are obtained from
extensive field measurements of the flow patterns,
salinity structure etc at the particular site.
Subsequent post-construction field measurements of
the thermal plume are carried out in order to
confirm the prediction and/or to provide further
data for refining future models.

In the development of many existing power station
sites expansion of the generating capacity will
result in a proportional increase in the discharge
of heated water to the sea, either through the
existing outfall or through additional outfalls.
The complex nature of the thermal interchange poses
further problems for the modeller and necessitates
a greater understanding of the processes involved.

In order to improve our capabilities in the field
measurement of the temperature distributions within
a thermal plume a new instrument system has been
developed.

A technical specification was prepared at HR and,
after a competitive tendering exercise, the
contract for the detailed design and manufacture of
the equipment was let to Cirtronic Instruments Ltd,
Reading.
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EQUIPMENT DESCRIPTION

Sensors

The underwater sensor array consists of five
thermistor temperature probes and a single
pressure-sensing depth meter.

The construction of one of the thermistor units is
shown in Fig 1 and consists of a Fenwall GB34 MM132
thermistor moulded, using epoxy resin, to an
individual electro-mechanical cable. A circular
cage around the thermistor provides good mechanical
protection without adversely affecting the flow
around the thermistor or the measurement. time
constant. The thermistors used are glass
encapsulated and are designed for oceanographic
use. The resistance-temperature (R-T)
characteristics are matched to a standard R-T curve
to give an interchangeability to within ¥0.1°C

over the temperature range O - 30°C. This sensor
interchangeability simplifies the electronic
circuitry and eliminates the need for individual
circuit adjustment.

By having the sensors on individual cables it is
easy to make up the measurement array to suit the
site requirements and also allows rapid sensor
exchange or level adjustment in the field.

Normally the sensors are strapped at the required
measurements levels either to a rigid streamlined
mast attached to the side of the tracking vessel or
to a common towing line with a heavy streamlined
weight or a cable depressor at its lower end. The
total depth of the array is measured using a Druck
PDCR 10 strain-gauge pressure transducer attached
at the lower end of the array. The depth of each
temperature sensor 1s then determined by
interpolation.

The characteristics of the sensors, including the
R-T thermistor values, are given in the following
table:



TABLE 1  SENSOR CHARACTERISTICS

(a) R-T characteristics of Fenwall GB 34 MM 132 thermistors

Temp (°C) R () Temp (°C) R (0) __ Temp ("C) R () Temp (°C) R D)

0.0 11,400 5.1 9,089.6 10.2 7,298.0 15.3 5,898.2
0.1 11,349 5.2 9,050.0 10.3 7,267.1 15.4 5,874.0
0.2 11,298 5.3 9,010.6 10.4 7,236.4 15.5 5,849.9
0.3 11,247 5.4 8,971.3 10.5 7,205.8 15.6 5,826.0
0.4 11,196 5.5 8,932.3 10.6 7,175.4 15.7 5,802.1
0.5 11,146 5.6 8,893.4 10.7 7,145.1 15.8 5,778.4
0.6 11,096 5.7 8,854.7 10.8 7,115.0 15.9 5,754.7
0.7 11,046 5.8 8,816.3 10.9 7,085.0 16.0 5,731.2
0.8 10,997 5.9 8,778.0 11.0 7,055.2 16.1 5,707.8
0.9 10,948 6.0 8,739.9 11.1 7,025.5 16.2 5,684.5
1.0 10,899 6.1 8,702.0 11.2 6,996.0 16.3 5,661.3
1.1 10,850 6.2 8.664.3 11.3 6,966.6 16.4 5,638.2
1.2 10,801 6.3 8,626.8 11.4 6,937.3 16.5 5,615.2
1.3 10,753 6.4 8,589.4 11.5 6,908.2 16.6 5,592.3
1.4 10.705 6.5 8,552.2 11.6 6,879.2 16.7 5,569.5
1.5 10,658 6.6 8,515.3 11.7 6,850.3 16.8 5,546.9
1.6 10,610 6.7 8,478.5 11.8 6,821.6 16.9 5,524.3
1.7 10,563 6.8 8,441.9 11.9 6,793.0 17.0 5,501.8
1.8 10,516 6.9 8,405.4 12.0 6,764.6 17.1 5,479.5
1.9 10,469 7.0 8,369.2 12.1 6,736.3 17.2 5,457.2
2.0 10,422 7.1 8,333.1 12.2 6,708.1 17.3 5,435.1
2.1 10,376 7.2 8,297.2 12.3 6,680.1 17.4 5,413.1
2.2 10,330 7.3 8,261.5 12.4 6,652.2 17.5 5,391.1
2.3 10,284 7.4 8,225.9 12.5 6,624.4 17.6 5,369.3
2.4 10,238 7.5 8,190.5 12.6 6.596.8 17.7 5,347.5
2.5 10,193 7.6 8,155.3 12.7 6,569.3 17.8 5,325.9
2.6 10,148 7.7 8,120.3 12.8 6.541.9 17.9 5,304.4
2.7 10,103 7.8 8,085.5 12.9 6,514.7 18.0 5,282.9
2.8 10,058 7.9 8,050.8 13.0 6,487.6 18.1 5,261.6
2.9 10,014 8.0 8,016.3 13.1 6,460.6 18.2 5,240.4
3.0 9,969.5 8.1 7,981.9 13.2 6,433.7 18.3 5,219.2
3.1 9,925.5 8.2 7,947.7 13.3 6,407.0 18.4 5,198.2
3.2 9,881.6 8.3 7,913.7 13.4 6,380.4 18.5 5,177.2
3.3 9,838.1 8.4 7,879.9 13.5 6,353.9 18.6 5,156.4
3.4 9,794.7 8.5 7,846.2 13.6 6,327.6 18.7 5,135.6
3.5 9,751.5 8.6 7,812.7 13.7 6,301.4 18.8 5,115.0
3.6 9,708.6 8.7 7,779.3 13.8 6,275.3 18.9 5,094.4
3.7 9,665.9 8.8 7,746.1 13.9 6,249.3 19.0 5,073.9
3.8 9,623.3 8.9 7,713.1 14.0 6,223.4 19.1 5,053.6
3.9 9,581.0 9.0 7,680.2 14.1 6,197.7 19.2 5,033.3
4.0 9,539.0 9.1 7,647.5 14.2 6,172.1 19.3 5,013.1
4.1 9,497.1 9.2 7,614.9 14.3 6,146.6 19.4 4,993.0
4.2 9,455.4 9.3 7,582.6 14.4 6,121.2 19.5 - 4,973.0
4.3 9,414.0 9.4 7,550.3 14.5 6,096.0 19.6 4,953.1
A 9,372.7 9.5 7,518.2 14.6 6,070.9 19.7 4,933.3
4.5 9,331.7 9.6 7,486.3 14.7 6,045.9 19.8 4,913.5
4.6 9,290.8 9.7 7,454.5 14.8 6,021.0 19.9 4,893.9
4.7 9,250.2 9.8 7,422.9 14.9 5,996.2 20.0 4,874.4
4.8 9,209.7 9.9 7,391.5 15.0 5,971.5 20.1 4,854.9
4.9 9,169.5 10.0 7,360.1 15.1 5,947.0 20.2 4,835.5
5.0 9,129.5 10.1 7,329.0 15.2 5,922.5 20.3 4,816.3
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(b) Dissipation Constant, ie. the power required
to raise the thermistor temperature 1°C

9.0 mW/C° in still water
10.0 mW/C° in moving water, 6m/s

(¢) Time Constant, ie. the time required by the
thermistor to change 637% of the difference between
its initial and final temperature

1 second in still water
0.3 seconds in moving water, 6m/s

(d) Temperature measurement

Range 0 - 30°C

Accuracy t0.1°C over the 0 - 30°C range
Stability £ 0.05°C per year change maximum
(e) Depth measurement

Range O- 30m

Accuracy 10.1m

In-board Instrumentation

A photograph of the inboard instrument is shown in
Plate 1.

A full technical description of the instrumenta-
tion, including the software listings, as supplied
by the manufacturer, is given in the Appendix to
this report.

The basic components of the system comprise:
(a) a sensor energisation supply;

(b) a multiplexer which scans sequentially the
five thermistor channels and the depth
measuring channel;

(c) a real-time clock and calender;

(d4) an Intel 8031 microprocessor which controls
the whole unit and converts the measured
sensor values into engineering units of
temperature and depth by means of a
programmed "lookup" table.



Each sensor channel has an individual four-decade
liquid crystal display.

A hard-copy of the six data channels is obtained
using a Citizen DP-505 dot-matrix printer. Each
record contains the five temperature values, the
depth value and real time. The record is updated
at a selectable scan rate between 1 and 99 seconds.
A printout of the date is made at the start of each
record block.

A simultaneous "fix" indication is made at every
print cycle. This comprises a momentary contact
closure which may be used to synchronise the
measured values with the vessel's positional data.

The sensor values may be displayed and printed
either as an instantaneous value or as an average
over the set scan interval. An RS 232C outlet port
enables direct connection to a microcomputer for
on-board logging and computation.

The unit operates from a 12V battery supply and
incorporates reverse polarity protection.
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FIELD TRIAL

Measurements in the thermal plume

Prior to carrying out a field trial of the thermal
survey system the thermistor sensors were each
calibrated in the laboratory using a
thermostatically controlled, circulating water
bath. A measurement accuracy and
interchangeability of £0.1°C was confirmed.

In order to demonstrate the operation of the system
under field conditions a short experiment was
carried out in which measurements were taken of the
thermal plume from the Fawley power station outfall
(see Fig 1).

The Fawley power station is oil-fired and fortun-—
ately for us, because of the miner's dispute, was
operating continuously and at near full power at
the time chosen for the trial. It can be seen from
Fig 1 that the cooling water is taken from
Southampton Water and the outfall discharges to the
Solent. Calshot Spit forms a natural barrier
between intake and outfall.

The experiment was carried out on 20 March 1985
during the ebb tide period only. The predicted
tidal range at Southampton was 3.5m (the mean
spring and neap tidal ranges are 4.0 and 1.9m
respectively).

The power station generating load was 1350 MW
during the period of the trial. Weather conditions
were ideal with a smooth sea and very light winds
throughout the day.

Five thermistor sensors were attached to a common
towing line which was held near-vertical by a 25kg
streamlined weight. The measurement levels were
chosen to be near-surface (within 10cm) and at
depths of 1, 2, 3 and 4m. The array was towed at
speeds of between 1 and 1.5m/s from a 12m long
hired fishing vessel.

For position control, a Motorola Miniranger III
position fixing system was set up with remote
station sited at Stansore Point on the mainland and
at Osborne House on the Isle of Wight. On the
tracking vessel, the vessel-position data from the
Motorola master unit were logged onto magnetic tape
cassette using an Actif DL4 logger to enable the
subsequent plotting of the vessel's course to be
made using the HR mainframe computer. The fix
output from the thermal survey equipment was logged



simultaneously onto the cassette to enable a pre—
cise correlation to be made between the temperature
measurements and the vessel's position.

For this experiment, a measurement time interval of
10 seconds was chosen which, at the towing speed of
1 to 1.5m/s represented a distance of between 10
and 15 metres between fixes.

During the course of the ebb tide several traverses
were made through the thermal plume to distances of
some 1.5km from the outfall. For illustrative
purposes, the measured near-surface temperature
distributions at three tidal states are shown in
Figures 3, 4 and 5. The longitudinal temperature
distribution at the five measurement levels during
one measurement traverse are illustrated in Fig 6
and the lateral temperature distribution at the
five levels on one cross—sectin are shown in Fig

7. At the present time the field logger and
computer software which would allow computer
plotting and manipulation of the temperature data,
have not been developed. The illustrated results
have therefore been hand plotted. The results
represent a small proportion of the data collected
during the short measurement period. A more
exhaustive analysis of the results is beyond the
scope of this development project.

Aerial photography of the plume

Whilst in the field, the opportunity was taken of
evaluating the use of the "Stewkie" aerial
photography system for photographing thermal
plumes. The "Stewkie"” seen being launched in Plate
2 is a 5m2 semi-sail kite. The kite is inflated
with balloon gas to give a positive lift and its
aerofoil section, together with twin control lines,
enables it to be launched and manoeuvred easily.
The kite may be operated by hand in very light wind
conditions and by using a winching system may be
operated in wind speeds up to 10m/s (20 knots). A
radio-controlled camera, attached by gimbals to the
underside of the kite, allows the operator to take
photographs and advance the film from the ground.

For these tests the kite was launched from the deck
of a second hired fishing vessel. 1In the very
light wind conditions the launching and recovery of
the kite proved to be relatively easy. Ordinary
infra-red film as used in standard cameras does not
have adequate sensitivity to define the relatively
small temperature differences found in an outfall
plume. We therefore adopted a technique of dye-
enhancement of the plume in order to provide a



contrast which could be photographed using a
standard colour film. The vessel was moored at the
outfall structure and a concentrated solution of
fluorescein was pumped to a submerged outlet nozzle
within the thermal plume.

Plate 3 is a black and white print of a photograph
taken from a height of 100m and shows clearly the
initial spreading of the buoyant plume. The
original photograph was in colour and a better
contrast than that shown in the black and white
print was obtained. Plate 3 is a photograph
showing the outfall structure, the moored vessel
and the smaller tracking vessel traversing the
plume.

The dye-enhanced plume was clearly seen by the
tracking vessel at lkm from the outfall. It is
likely therefore that given good visibility and by
operating the kite at higher altitude the
trajectory of the plume could be photographed from
a fixed platform. Alternatively it is feasible
that given good position control of the vessel a
composite longitudinal picture could be built up
from a series of photographs taken at lower
altitude.

The initial promising performance was somewhat
marred when at the end of the day an operator error
caused the kite to go out of control and ditch with
consequent irreparable damage to the non-waterproof
camera!
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CONCLUSIONS AND
RECOMMENDATIONS

The development of instrumentation for the
measurement in three—-dimensions of temperatures
within the thermal plume from power station
outfalls has been successfully completed.

A short field trial of the system has demonstrated
both the quality and quantity of the data produced.

Encouraging results were also obtained from a
preliminary evaluation of a kite-mounted aerial
photography system used to photograph a dye-
enhanced thermal plume.

It is desirable before undertaking full-scale field
projects that the logging and software development
necessary to enable the temperature data to be
processed by the HR mainframe computer is
completed.

Further evaluation of the "Stewkie” kite, using a
waterproof camera, is also recommended.

10
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INSTRUMENTS LTD TSI THERMAL SURVEY SYSTEM






GENERAL DESCRIPTION

The TSI Thermal Survey System is a six channel transducer monitor instrument
in which one channel (CH6) has been adapted to measure pressure and the
remaining five channels measure temperature.

Each of the five temperature inputs accept a thermistor which has a

resistance range of roughly 11k to 3k3 for a temperature variation of
o o
0°C to 30°C.

The pressure input accepts the voltage output from a Druck pressure
transducer and also supplies the voltage required to excite the transducer.

Each channel has its own four decade display which is continuously updated
as long as the 'Start' switch is on.

A high speed printer is incorporated to enable a permanent record of all
six channels to be made, together with the time of printout. The printer,
which can be disabled if required, can printout at a rate varying between
once per second to once per ninety.nine seconds, the rate being selected
by means of a thumbwheel switch mounted on the front panel.

The system is built around three circuit cards:._

a. ' 803 Microprocessor Card
80 Multiplexer Card
c. 80 Real Time Black Card

all of which are accessible by releasing and hinging down the front panel.

For ease of servicing and replacement of ribbon and paper, the printer is
a plug in unit.

The system is designed to run from a 12V supplykand is reverse connection
protected as well as fused.

a1



The system is contained in a standard 19" x 3U Euro card frame,

housed in a metal cabinet.

Supply voltage:
Current
Transducers

Thermistors
(CH! to CH5)

Pressure
Displays
Inputs CH1 - CHS

CH6

Controls

Supply

System Control

Timing

Printer

Printer Reset

11 - 14V (_VE earthed)
|A peaking to 4A when printing

Fenwal Type GB 34 MM 132

Druck
6 x 4 decade L.C.D.

'2 pole jack plug (both poles isolated
from earth.)
Sleeve _VE Supply Tip Output

L pole jock plug (all poles isolated
from earth.)

RD  +VE supply BL -VE supply

GN -VE out WH +VE out

3 pole SKT +VE Pin 3
-VE Pin 1

2 pole heavy duty toggle switch in
bottom left hand corner

Toggle 'Start' - !'Stop' in
upper left hand corner

2 decade thumbwheel switch
(controls printout rate 1_99 seccs.)
adjacent to 'Start' switch

Toggle 'ON' - 'OFF' beneath timing switch

Combined printer reset and paper feed.
Mounted on printer

A2



PRESSURE

The thermistor calibration must be checked before proceeding

Amplifier offset

1. With transducer disconnected, short amplifier input leads to OV
2. Monitoring amplifier output adjust offset to give OV output
3. Wind CH6 front panel trim fully clockwise and then wind anti

clockwise 5 turns
4, Connect pressure transducer

5. Carefully adjust CH8 R until display just changes to 00.00
(fine adjustment may be made using front panel trim).

6. With a known pressure applied adjust pressure amplifier to give
desired reading

7. Repeat 5. and 6.

The front panel trim may now be used to introduce a pressure offset.

A 2
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THERMAL SURVEY SOFTWARE

The software is'contained in a 2k ROM located in the rearmost socket
on board the 803 microprocessor card. It consists of a main routine
and a number of sub_routines which are called from it.

The main routine first of all initialised the 8031, enabling External
Interrupt 1 and on board timer 0. Timer 0 is configured to an auto
reload mode which counts 2Hz timing pulses generated by the Real Time
black card 806.

In the auto reload mode the 16 bit Timer 0 counts the 2Hz pulses in

its low byte and, when it overflows, reloads to the value held in its
high byte. At the same time an internal interrupt (INTZ) is generated
which vectors the program to location 000BH which in turn calls the
Printout Routine.

After initialising, the program tests the Real Time Clock VRT but to
confirm that the clock card is present and/or running. If it is not,
the program write 'HELP' to the display and waits for the user to set

the clock. This is achieved by generating an external interrupt (INT1)
via the 'SET' switch on the clock control panel.

After setting the clock and pressing 'START' the program runs into a
continuous loop which first checks the control switch, via Port 6 on
the card. If the switch is off the 2Hz square wave is disabled, the
timer switched off and the switch tested again.

As soon as a switch closure is detected the program jumps to a routine
to read the thumbwheel switch setting, load the appropriate reload
value into the high byte of Timer 0, start the 2Hz clock pulses and the
timer.

Before looping to wait for the timer to overflow a call is made to the
Printout routine. If the Printer switch is open an immediate return
to the main program is made. 1f the switch is closed the full date
and time are printed before the return. ’

The rest of the program sets the data pointer to the first channel of
the multiplexer, reads it, increments the data pointer and writes to
that location to initiate a conversion and then, whilst the conversion
is in progress, converts the previous reading to data, via a look-up
table, and stores it in consecutive locations in RAM, starting at 30H,
to be read by the display.

The sequence then repeats until all six channels have been read. The
only exception to this is the sixth channel (Pressure Transducer) where
the data is calculated rather than looked up.

When all six channels have been read a check is made to see how many
times the sequence has been performed and when this number reaches a -
value stored in TEMP3 a call is made to the Display routine to write
the information stored in the display buffers.

Having updated the displays the program loops back to check the control
switch and repeat the process.



803 MICROPROCESSOR

This board is based on the INTEL 8031 yp and contains 2 - 8 bit port
expanders, driven from Port 1 of the 8031. There is provision for on
board memory in the form of a max 4k ROM and 4k RAM.

In addition the board contains an 8 bit addressable latch which is
memory mapped into the top of program memory, giving the facility of
being able to set any latch on or off by LCALing a particular address.
Three of these latches are used to control the port expenders and are
the serial (RS232) ports of which there are two.

The four remaining latches are brought out to the rear connector, one
of them being used to enable the printer.

A summary of the instruction set for the 8031 is included in this manual
together with a complete listing of the software which is contained in
a 2k on board ROM.

Al



806 REAL TIME CLOCK

This card is mapbed into memory at locations FFOOH to FFODH.

The card contains address deceding, the RTC and a battery for back-up
purposes. The battery is continuously trickle charged all the time
the system is switched on, and should be able to retain charge for a
minimum of 7 - 8 days.

The clock 1.C. will maintain time keeping as long as the battery voltage
is maintained at the required level.

47



PRINTER 807

This unit is assembled from a CITIZEN DP575R mechanism and CBM-505-HF12
interface card.

Control of the print functions is performed by writing the required
codes to the memory location the printer is mapped to.

In addition to printing the unit contains a small circuit to momentarily
close a relay every time the printer is addressed, providing a time marker.

In operation the printer is addressed by operating latch on the
microprocessor board, enabling the printer. Data is then written to the
interface by using an unused address (AAOOH).

All the data to be printed is sent, in a single stream, to the interface

print buffer and printing is initiated by sending a single character
(CR = ODH).

A



MUX 805 CCT OPERATION

The 805 Multiplexer is a 16 channel data acquisition system designed
around the National ADC 0816/7. The chip contains a full 16 input
multiplexer together with an 8 bit ADC. It is fully microprocessor
compatable in that the data is accessible via an 8 bit data bus and
channel selection can be made via a 4 bit address bus.

The ADC 0816 is a ratiometric device and is therefore ideally suited
to the measurement of voltages across simple resistor networks. To
this end the 805 Multiplexer incorporates a variable gain DC amplifier
and a positive and negative adjustable drive voltage circuit.

In operation one of the 16 channels is selected by applying the appropriate
code to the address input and taking ALE high to latch it. After a
suitable settling time has elapsed the START input is taken high and

when taken low again initiates conversion in the ADC.

The time taken for conversion is dependent upon the frequency of the
on board oscillator and is of the order of 100 _ 120uS. At the end
of that period the data is available at the DATA pins and can be read
out onto the system bus by strobing the READ input.

The multiplexer output is available separately on the chip as is the
ADC input to enable an amplifier to be incorporated between the two
halves of the system (Fig. 1) and this, together with adjustable drive
voltages and reference levels enables a wide range of inputs and levels
to be accommodated.

SYSTEM

The system requirements for the TSl are for five channels of temperature
measurement, via thermistors, and one of pressure measurement.

TEMPERATURE

All five temperature channels are treated in the same way by connecting

each thermistor in series with a fixed resistor, applying a constant

voltage across the chain and measuring the voltage across the thermistor.
d

Since the input range of the ADC is 0 to 5V and the thermistors have a
range of 3.3 to 11.4k it is necessary to drive the chain with a negative
and positive voltage in order to obtain a zero output when the thermistor
is at its lowest value.
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At the high end (RT - 11.4k) the derived voltage must not exceed +5V
and so the combination of fixed resistor and drive voltages must be
chosen carefully to ensure the ADC is not over or under driven.

+Nyp
-——-1r'—'——

1=

0 -8y
Vo &Y — /
Swv

]m

———aaen

-Vb

Since the output voltage from the chain has got to swing equally about
the centre voltage of the ADC reference inputs (+2.5V) the value for
Rl can be calculated as follows:-

V. VB
k4
Ri Ri [V,
4
V=V,
Rewe [V Rew
R

V] i R, + R X VDD

1 LO

R

HI

Vz R, + R X VDD

1 HI
But Vl = V2
Therefore: RLO i R]

R] + RLO‘ R] + RHI
or R, (R] + RLO) = R o (R] + RHl)
= R 2 + R,R = R, .R, + R, .R
1 1°LO Lo 1 L0 HI

Thefefore' R 2 < R, .R

: 1 LO HI
and . R = R



The known values of RT are

a- Ry = 3304.3rR e 30°¢C

b. Ry, = 1kooRrR @ 0°¢

Therefore: R~ 3.304.3 X 1.4 = 6.1375k
R, in fact comprises a fixed resistor (4k7) and a variable (2k) and

so the exact value can be set by applying a known voltage across the
chain and substituting a fixed, accurate, resistor for R, (say 3k3).
It is then only necessary to calculate the value of V, and adjust the
variable resistor to obtain that voltage across the 3&3 resistor.

v, - 3.3V = .3496V
3.3 + 6.1375

i.e. if V is set to 2V the voltage across the 3k3 resistor should be
adjusted to 0.6992V.

Now, by setting the positive drive voltage to a fixed value it is only
necessary to adjust -V_ to give a zero volt output (wrt 0V) and, since
the resistor values are in the correct ratio, the full scale range can
be set by adjusting the amplifier gain.

PRESSURE

The pressure transducer used requires an excitation voltage to drive
it and produces a differential output centred about the mid point of
the drive voltage.

The method employed in the TSI System is to use the ¥ 12V lines to excite
the transducer via a series resistor and then to feed the outputs into

a differential input, single ended output, amplifier connected into one
of the channel inputs.

Since the output of the transducer varies with excitation voltage, fine
adjustment of zero output can be obtained by adjusting the series resistor
(the ratio arm of the thermistor circuits, R‘).

Full scale adjustment is then made by adjusting the on board amplifier gain.



SETTING UP

The first step is to adjust the resistors in series with each thermistor
to a given value and ensure that channels 1 - 5 are identical

Equipment required:;

1 -  DVM minimum impedance 10M

i - resistance box, range 3k to 12k minimum with 2 pole
jack plug connected.

] - small trim tool

Procedure (refer to layout of 805 Multiplexer)

Switch on and allow unit 10 minutes to stabilise.

THERMISTORS

1. Monitor the -V_ line with respect to OV and adjust to
approximately -0.5V

2. Monitor +V_, line with respect to -V

D and adjust +V

D p fo give value (V).

3. Plug resistance box into CH2 and set value to 330LR.

L.  Monitor voltage across resistance box and adjust R until it =

( 3,304 ) )
( 3.304 + 6.1375 ) X V i.e. 0.3499 vV

5. Adjust -VD until display reads less than 30.00 then gradually
adjust back up to 30.00

6. Alter resistance to 11400R and adjust main amplifier gain to just
give a display reading of 00.00

7. Repeat 5. and 6. until no changes are necessary

8. Set resistance box to give a steady display reading and then
connect to CHI

9. Adjust CHl R to give the same display reading

10. Repeat for CH3 _ 5



SETTING CLOCK

Switch on the system, but do not start it. Release the two screws
retaining the front panel and hinge it down, revealing the clock controls.
Select the required setting (Year, Month, etc.) by means of the rotary
switch and set the value on the front panel thumbwheel switches.

Pressing 'ENTER' will load the clock which will then be read back onto

the display. This procedure should be repeated for all required settings.

When setting minutes choose a value ahead of real time, since the clock
will only start running when 'START' is operated and will clock seconds
(starting at 00) from the time 'START' is pressed. The system may now
be operated normally.
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AmQDmA

'ADC0816, ADC0817 8-Bit ,P Compatible A/D Converters

with 16-Channel Multlplexer

General Description

The ADC0816, ADC0817 data acquisition component isa
monolithic CMOS device with an 8-bit analog-to-digitai
converter, 18-channel muitiplexer and microprocessor
compatible control logic. The 8-bit A/D converter uses suc-
cessive approximation as the conversion technique. The
converter features a high impedance chopper stabilized
comparator, a 256R voitage divider with analog switch tree
and a successive approximation regl’ster. The 16-channel
multiplexer can directly access any one of 16-singie-
ended analog signals, and provides the logic for addi-
tional channel expansion. Signal conditioning of any
analog input signal is eased by direct access to the
multipiexer output, and to the input of the 8-bit A/D
converter.

The device eliminates the need for external zero and full-
scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded multiplaxer ad-
dress inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0816, ADC0817 has been optimized
by incorporating the most desirable aspects of several
A/D conversion techniques. The ADC0816, ADCO817 of-
ters high speed, high .accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabil-
ity, and consumes minimal power. These features make
this device ideally suited to applications from process and
machine control.to consumer and automotive applica-
tions. For similar performance in an 8-channel, 28-pin,.

\

8-bit A/D converter, see the ADC0808, ADC0809 data

sheet. (See AN-258 for more information.)

Features

B Resolution — 8-bits

B Total unadjusted error — + 1/2LSB and = 1LS8

8 No missing codes

B Convarsion time — 100 us

B Single supply — 5 V¢

B Operates ratiometrically or with 5 Vpg or analog span
adjusted voltage reference

8 16-channe!l multiplexer with latched control logic

B Easy interface to all microprocessors, or operates
‘'stand alone”

® Outputs meet T2 voltage level specifications

B 0V to 5V analog input voltage range with single 5V
supply

B No zero or full-scale adjust required

B Standard hermetic or molded 40-pin DIP package

8 Temperature range —40°C to +85°C or -55°C to
+125°C

8 Low power consumption — 15 mW

W Latched TRI-STATE® output

W Direct access to “comparator in” and “multipiexer out”
tor signal conditioning

TRI-STATE® |s a regl: of N Corp.
.
Block Diagram
COMPARATORIN  O— START  CLOCK
MULTIPLEXER
out Foo———————f—=
O] ST AD i
o— | o END OF CONVERSION
Ot | CONTROL & TIMING {INTERRUPT)
Ot ! :
= 1 i
fr—
16 CHANNELS
18 ANALOG INPUTS — O] MULTIFLEXING ! |
. 1 swiTcHEs SAR, | i
O ! COMPARATOR e l—o0
O i | TRE- —y
Qamal | STATE”  {emo
O ouTPUT 8817 QUTPUTS
P : ] A -
- : i ] BUFFER  [~OQ
o Ll LR
o
| SWITCH TREE ]
Py | |
am | |
49T ADDRESS | ADDRESS | |
Lo tarch ]
ano |
.JORESSLATCH ENABLE  Qewee{  DECGOER ' f : |
EXPANSION CONTROL O 25GR RESISTOR LADDER —r-l
: |
ouTRUT
————e e O ENABLE
vcc nuo nm‘) REF{-)
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ADCO816, Apcos1_7

Functional Descﬂptlon

’ Multlploxor' The device contains a 16-channol alnqlo-

ended analog signa! multiplexer. A particular input chan-
- nel is selected by using the address decoder. Table §”
shows the Input states for the address line and the expan- .

' "-“:;;":‘-':.I) £ '-‘““'E'i"i;i;?"! ) i Jr "4 K"(

» Additional slnclunded analog signals can Qe m

v ; plexed to tha A/D converter by disabling afi the mul(lpf;

[

slon control fine to select any channel. The address’ [

latched into the decoder on the low t&hlgh mnsmon of
the addross latch onuble elgnal. :

D N R

r . TABLEI V| ;f P

inputs using the expanslon control. The additional ai
nal signals are connected to the comparatot input and
‘device ground. Additional’ sigrial conditioning
prescaling, sample and hold instrumentation amplil
tion, etc.) may also bé added between the analog w
,slgnal and tho compa(alor Input v .

* SELECTED . ADDRESS LINE | gxpANSION | ***' = CONVERTER CHARACTERISTICSH .
" SR TR Yty !
ANALOGCHANNEL 1 p | ¢l s | A | CONTROL P _Tho Convmor Artyter Y Jt "
" INO L. ) : e
o  E L | L |L\ H e f‘.'rhe heart of thls slngle chlp data acqulsltlon systeml'
Nt Lperpeinl M ... "8-bitanalog-to-digital converter. The converter Is desig:
IN2 L L]JH]L{~ H to give fast, accurate, and repeatable conversions ov:
N3 tlvlmulw H wide range of temperatures. The converter is pamuo
' . into 3 major sections:; the 256R ladder _network, the !
\ IN4 LI H L L H cessive approxlmatfon reglster and the complrafor. X
INS vl miELt M TR -+ " converter's digltal outputs are posltlve true e {7 m-t‘
- IN6 o T T R N - ~-The 256R tadder network approach (Flgure 1)was cho
TN - L "‘ wln W O B over the conventional R/2R ladder because of Its Inher
) ’ monotonicity, which guaiédntess no missing digital é&¢
. IN8 Hlulou] e H Monotonicity Is particiilarly Important in closed loop e
IN9 Hitlolw H - back control systems. A non-monotonic relationship ¢
: cause oscillations that will be, catastrophlc for
IN10 HILIH]L H system. Additionally, the 258R network does not ¢&:
INt1 HI LIH|H H o Ioad varlations on the reférence vollaga o 5,,
IN12 HIH]ILIL H ' 1% The bottom reslstor and the- top resistor of the led
IN13 HlwrluLlH H . network in Figure 1 are ot the same value as
1.1 . 1 remainder of the network. The ditference in th
IN14 HEHHLL v H resistors causes the output characteristic to be ¢
IN1§ HIH]H]H] ™ HY metrical with the zero and fuli-scale points of the tran:
All Channels OFF ] x X , . «, ... curve. The first output transition occurs when theant__:
nes - X X L signal has reached + 1/2 LSB and succeeding oui
X =don't care . transitions occur every 1 LSB iater up to full- scale ]
‘ CONTROLS FROM SA.R.
L :
REF(H) Omemmemy " } Ry
b En
%R ‘:
1t_ et s
':: .
‘%' . o :'.:
R:: : . . o N
. . e
- 158R : B L[] . AN XN
.i ' . . ‘o
1L - . " e . '
.1 :: . L] L L]
1&— - . Cp i
w - N :
\ ' | ;
REF(~) O~ i e

FIGURE 1. Rnlslor Ladder and Switch Tree
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CPUNGIIONnaE MesGrIPluN (Continued)

“'fhe successive approximation register (SAR) performs 8 The most important section of the A/D converter is the
grations to approximate the input voitage. For any SAR comparator. It is this section which is responsibie for the
type converter, n-lterations are required for an n-bit ultimate accuracy of the entire converter. It is also the
converter. Figure 2 shows a typical example of a 3-bit comparator drift which has the greatest influence on the
converter. In the ADC081€, ADC0817, the approximation repeatability of the device. A chopper-stabilized com-
Stechnique is extended to 8 bits using the 256R network. parator provides the most effective method of satistying
: all the converter requirements.

The A/D converter's successive approximation register
is reset on the positive edge of the start conversion

#5C) pulse. The conversion is begun on the falling edge of
{he start conversion pulse. A conversion in process will be
‘nterrupted by receipt of a new start conversion puise.
Lontinuous conversion may be accomplished by tying the

) ,‘nd‘oi—convorsion (EOC) output to the SC input. i used in
this mode, an external start conversion pulse should be

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signat is then fed through a
high gain AC amplitier and has the DC level restored. This
technique limits the drift component of the amplifier since
the drift is a DC component which is not passed by the AC
amplifier. This makes the entire A/D converter extremely
insensitive to temperature, long term drift and input offset

gpplied atter power up. End-of-conversion will go low be- errov;.
itween 0 and 8 clock pufses after the rising edge of start Figure 4 shows a typical error curve for the ADC0816 as
converslon. measured using the procedures outlined In AN-179.

" - INFINITE RESOLUTION
- FULL-SCALE 1 PERFECT CONVERTER
110 IDEAL CURVE -4 ERROR = 1/21S8
19 +1/2 158 1DEAL 3-BIT CONVERTER
' w TOTAL d
g 1o unasusteo ™t 5
(1
5 1m0 ERROR L -1188
1 = ABSOLYTE
1 2
L NONUINEARITY = 1/2 LS8 s o | ACCURACY
ol rop—a- ) e -
NONLINEARITY = 172 LSB < M ,J 'r-o-n:;/:r:?l'zmow
. 001
|+ 76RO ERROR - —1/4 LSB - ERROR
] ViN oeo VIN
08 /B 23 38 4B 58 68 18 078 1/8 2% 3/ 478 S/8 878 118
Vin AS FRACTION OF FULL-SCALE Vin AS FRACTION OF FULL SCALE
FIQURE 2. 3-Bit A/D Transfer Curve FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

1/2 LS8 TOTAL UNADJUSTED EBHOH\ REFERENCE LINE

D e P ——— e s et e o = —— o ———— — —
QUANTIZING
EARORA

mvur_!v___._._.../ SCAL

~1/2 188 TOTAL UNADJUSTED ERROR

——

FIGURE 4. Typical Error Curve
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ADC0816, ADC0817

Connection Diagram ' . .

y oAt ' "o

v ‘ et " Dual-in-Line Package : -
¢ \ . . [RCTI :
. 3 . Jbr ey ;‘ 1.8 l','-"'f‘";”_":"
’ P i f—mt SYRRTRUERU R R
L e N £ I R EE RLRUEAEC R
G 2. iwo Co T
' . . P ExpANSION CONTROL o+ 317 (e = Fiyeatar
: . . S L PR IR Py Ay v fad . BT
. : e ’ ' 25 ao0w toit [RIYRRaR I ‘Mfg@’:
. . e : ~ . [ Ly
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. " pue st T gl e . 3 . ; b et A
. L i LN = TTY TR IR
0 i e BRI AR v L. Al B : -
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TR R BT apcowrs  cCfGpa Ml et
1M1 —eed o ot e KR AR
SN ' N LN I iy
, 1o X (T | P ul'—r‘,. e e i
e g iy ral e
. g
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ADCO0816, ADC0817

Applications Information - .
OPERATION : o,
1.0 Ratlometric Conversion

The ADC0818, ADC0817 iIs designed as a complete Data
Acquisition System (DAS) for ‘ratiometric' conversion
systems. In ratiometric systems, the physical variable
being measured is expressed as a percentage of full-scale
which is not necessarily related to an absolute standard.
The voltage Input to the ADC0818 |s expressed by the
equation o oo :

Viv . Dy
Vie—Vz. Dpax— Dmin

Vn = Input voltage into the ADC0816
V4 = Fuli-scale voltage

V3= Zero voltage -

Dy = Data point being measured |
Duax = Maximum data limit

Dy = Minimum data limit

m

A good example of a ratiometric transducer Is a poten-
tiometar used as a position sensor. The posltion of the
wiper Is directly proportional to the output vollage which

Is a ratio of the fuil-scale voltage across It. Since the data
is represented as & propottion of tull-scale, reference ’

requirements are greatly reduced, eliminating a large
source of arror and cost for many applications. A major
advantage of the ADC0816,, ADC0817 is that the input
voltage range 'is equal to the supply range 8o the
transducers can be connected directly across the supply

and their outputs connected directly into the multiplexer

inputs, (Figure 9). -

N
i

PCT I . b0 : - ,-_“' ,':' ]
S TChslaoeit gorame sy iaa]?&;;{;

Ratiometric transducers such as potentiomaters, stfei:
gauges, thermistor bridges, pressure transducers, m;
are sultable for' measuring proportional relationships
however, many types of measurements must be rofer@%
to an absolute standard such as voltage or current. Thi;
means a system reference must be used which relsc:
the full-scals voltage {o the standard volt. For examplé:
Ve = Vaee = 5.12V, then the full-scale rahge s dlvlded[ﬂci;‘
to 258 standard steps. The smglles!'s!pndard step 6%,

LSB whichisthen20mV. . "'
: ' o by it

2.0 Resistor Ladder LIImIMIom N 1 :
The voltages from the resistor ladder are compared !in%_
selected input 8 times ina conversion. Thess voltages 1}
couptled to the comparatior via an analog switch treow.h_kﬁ
is referenced to the supply. The voitages at the top, cetﬂ%
and bottom of the laddar must bs controlied to malpj,&
proper operation. - PVL s gy e 5l . LBL

20
The top of the tadder, Ref( + ), should not be more posili
than the supply, and the bottom of the ladder, Rol(~:,_
should not be more negatlve than ground. The cenmg
the ladder voltage must also be near the center of
supply because the analog switch tree changes frog?

-
24

" N-channel switchas to P-channei swifches; Thess{imid

tions are automatically satisfiéd in ratlometric system
and can be easlly met In ground referenced syslem%pv

Figure 10 shows a ground referenced system wﬂﬂ;f
separate supply and reference. In this system, the auppf:

" must be trimmed to match the refarence voltage. Fof

stance, if a 5.12V reference Is used, the supply shqukm
adjusted to the same voltage within 0.1V.‘ .

r 3

FIGURE 9. Ratiometric Convorsloﬁ System

| ]
T

Vee
REF{+)
Ints
. DIGITAL
* ouTPUT
* PROPDRTIONAL L
* TO AKALOG it
* INPUT .
* ~ , N
'n0 1Y v
IN IN ¢
REF(—) i - Qour= VYRer - (75
GND 478V sVac = Vper <5.25°
* Ratiometric transducers, _‘
¥ i

ADCO818, i7

A2o0
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Applications Intormation (continuea)

Tne ADCO0816 needs less than a milliamp of supply current
<40 developing the supply from the reference is readily
mplished. in Figure 11 a ground referenced system is
; uwwn which generates the supply from the reference. The
'bp"ﬂ shown can be an op amp of sufficient drive tg
“upply the milliamp of supply current and the desired bus
';mve, or it a capacitive bus is driven by the outputs a large
capacnor will supply the transient supply current as seen
Sk’\ Figure 12. The LM301 is overcompensated to insure
‘ giability when loaded by the 10 uF output capacitor.

,—)‘v@

The top and bottom ladder voitages cannot exceed Vg

and ground, respectively, but they can be symmetricaily
less than Vo and greater than ground. The center of the
ladder voltage should always be near the center of the
supply. The sensitivity of the converter can be increased,
{l.e., size of the LSB steps decreased) by using a sym-
metrical reference system. In Figure 13, a 2.5V reference
Is symmetrically centered about V¢¢/2 since the same
current flows in identical resistors. This system with a
2.5V reference aliows the LSB to be half the size of the
LSB in a 5V reference system.

vee
SUPPLY vee
msB
VREF REF(+) DIGITAL
ouTPUT
q ) REFERENCED
O 1"‘5 tlig 10
L ]
Vin { Ot . SROUND
% !nd v
I—- REF(-) LSB Qoyr= V_'_'t
REF
@-==4 GND
4.75V =Vgoc = VREF s5.25V
ADC081S, 17 ’

FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply

vt Vee
msB
VREF L REF(+) DIGITAL OUTPUT
VREF(+) O] Ints Byt ::gms;ucmm
.
Vin{O—1 ¢
. 0 Tnd
jun REF(-) 8 aoure I
@——=q GND VREF
475V <VoC = VREF $5.25V
ADCO816, 17 -

FIGURE 11. Ground Referenced Conversion Symm with
Reference Generating V¢ Supply

8-79

218000V ‘91800QV




ADC0816, ADC0817

Applications Information {Continued)

1LmM3288

®

10-15 Vpe
o

0o0pr

RES(+)

+ 10,F >
SOLID
TANTALUM -~ =~
. 4 $ ENO

1
o

REF(-)

Y :

- : w
S P I
P Vee :
) ' 75V
318V 1 rerte) e
4 Tats
< .
X : “ DIGITAL QUTPUT
: a PROPORTIONAL TO
. four ANALOG INPUT :
. 125V S VIN S 378V
. 'ti
» ] :
. i
1.25V
V1 rek(-)
25V '
REFERENCE R e Fa =R ;
_WI— SND ! * Ratiomatric transducers . {:

FIGURE 13. Symmetricaily Centered Rohronco.

3.0 Convorter Equations

The transition between adjacent codes N and N +1 ls
given by:

N Al
Vin=t (Vaer(s)— V"EF“’)[ésﬁ + 51-2]1 Ve )+ VREF(-)

The center of an output code N is given by:

(2) N= Vin

The output code N'Tor an arbitrary Onpul are the lnteqe!s
* within the range:

E i

el

-V :

__.——-—'E‘:—’— x 256 1Absolute Accuracy l‘i‘*
VRaef(+) — Yrer(-) S

where: Viy= Voltagé at comparator input
VReF(+)= Voltage at Ref(+)
VRer(-)= Voltage at Ref(-)

N
Vin=} Vrer(+)— Vaer(-) [—;;5’5]*"'“5 +Vier(-) 3) . vyye=Total unadjusted error voltage (typlca"! ;
VREF(Q)*‘512) ' , :
/‘-\4 —
880

422




Table 4. MCS-51" Instruction Set Descriptlion

ARITHMLTI( OPERATIONS

LOGICAL OPERATIONS

DATA TRANSFER

Mpemonic Description Bvte Cve
MO ARn Move regpisier 10 Accumuiator i !
MON A direct Movrt direct bvie 10 Accumuiator 2 i
MOV A @R Move indirect RAM to Accumulalor 1 1
MOV A Rdalas Move immediaie dala 10 Accumulator 2 ]
MO\ Rn. A Move Accumulalor 10 register 1 1
MON Kun.direct Mowve direcl bvie 10 regisier 2 2
MON Rn. ®dawa Move immediaic daua to regisier 2 1
MON direct A Move Accumulator 10 direct bwvie 2 1
MON direct. Rp Move register 1o direct bvie 2 2
MO\ direcr.direl Move direat bvie to direct 3 2
M direal. @R, Move indirect RAM to direct byvie 2 2
MO\ direcr ®dala Move immediate data 1o direct bvie 3 2
MOV @RiA Move Accumulaior 10 indirect RAM ] 1
MOV @Ridirect Move direct byie 10 indirect RAM 2 2
MOV @Risdata Move immediate daia 1o indirect RAM 2 1
MOV DPTR.3dauté Load Daws Pointer with a 16-bit constamt 3 2

M e o Dexcniption Brie (¢
A A K, Add register 1 Accumulator i 1
ADD A .arec Add direct bvie 10 Accumulaton 2 |
ADD A @R, Add indirect RAM 10 Accumulator i 1
ADD A sdan Add immediaic data 1o Accumulatos 2 1
ADDC A kn AdS repisier 10 Accumuiaior with Cam 1 1
ADDC  Aoireny Add direct bvie 10 A with Carny fiap 2 )
ADDC A @K: Add indirect RAM 10 A with Carry flag 1 1
ADDC A sdaw Add smmediate dats 10 A with Carmy flap 2 1
SUBE  ARn Subiract repisier from A wath Borrow ] !
SUBE  Adirec Subiract direct bwvie from A with Borrow 2 ]
; A @R,y Subiract indirect RAM from A w Borrow 1 1
A Sdals Subiract immed. data from A w/Borrow 2 !
A Increment Accumulator ! !
Rr: Inciemen: register ! )
cirect Incremen: direct bvie 2 }
@R, Increment indirect RAM 1 1
DFC A Decrement Accumuiaior ] 1
DEC kr Decrrmeni regisie: 4 i
DiC onec Decremem direct bvie 2 !
DF( @K. Decrement indirect RAM | )
INC DPTR Increment Daws Poinwer 1 2
MU AR Mulliphv A& B 1 4
DN AR Divide A by B 1 4
DA A Deaimal Adjust Accumulator | 1

M nemonic Destination Byte Cyc
ANL ARn AND regisier to Accumulator 1 L
AN1 Adirec AND direct bvie 10 Accumuiaior 2 !
ANL A.@R) AND mndirect RAM 10 Accumuiator 1 1
ANL A 8daL AND immedinic daws to Accumutaion 2 ]
ANL direcl A AND Accumulator to direct bvie 2 ]
AN1 direcl ®0ate AND immediate data 10 direct bvie 3 2
ORI A.Rn OR regisier 10 Accumulator 1 ]
OR! A direc OR direct bvic 10 Accumulalor 2 1
OR1 A @R OR mndirecr RAM 10 Accumulaior ! ]
OR1 A sdais OR 1mmediaic dawz 1o Accumauiator 2 1
OR! direcl. A OR Accumuiator 10 direct bvie 2 1
OR1 direct #dats OR immediate dawa 10 direc1 bvie k) N
XRi ARn Exciusive-OR regisier 10 Accumulator i 1
XRL A direc Exclusive-OR direal byvie 1o Accumulaior 2 1
XK1 A @R E xciusive-OR indirect RAM 10 A 1 1
XR1 A ®data Exclusive-OR immediae data 10 A 2 1
XRL direal. A Exciusive-OR Accumuiator 1o direct bvie 2 1
XRL direct Bdaws Exclusive-OR immediatc daia to direct 3 2
CLR A Clear Accumulator 1 1
CPL A Compicmem Accumulaior k] i
RL A Rotair Accumuisior Lefi } !
RLC A Rowuste A Left through the Carry flag ) )
RR A Rotate Acrumulator Right 1 1
RRC A Rowte A Right through Carmy flap ] 1
SWAP A Swap nibbies within the Accumulavor 1 1

DATA TRANSFER (ront.)

Mnemonic Description Bvir (ot
MOVC A.@A+DPTR  Maove Code byvie rebative 1o DPTK 10 A [ :
MOVC A.@A+PC Move Code bvie retative 1o PO e A : N
MOVX A @R, Mowve Exiernal RAM (Kb addriic A H o
MOVX A.@DPTR Move Externa! RAM {16-hi nddrisc A 1 z
MOVX @RiA Move A 1o Exiernal RAM (h-bi- sddr I
MOV @DPTR.A Move A 1o Exiernal RAM {1t-b1: addr: i z
PUSH diret Push direct bvie onie siach 2 N
POP direct Pop direct bvic fiom siach N N
XCH ART Eachange regisier with Acrumulsior J i
XCH A.direcy Exchange direct byie with Accumuiaio:r by '
XCH A @R} Exchange indirect RAM with A $ !
XCHD A.@R; Exchange low-order Dugii inc RAM w A H
BOOLEAN VARIABLE MANIPULATION

Mremonic Dexcription Bwvie (v
CLR C Ciesr Carry flag i ;
CLR b Clear direy b N !
SETB C Set Carny fiap i :
SETB  bn Se1 direct Bt z 1
CPL C Compiement Carry flap H H
CPL bt Complement direct by N :
ANL C.bn AND direct bit 10 Carns flap z N
ANl C. /b1 AND compiemen of direct bit 1o Carn > N
ORL C.bn OR direct bit 10 Carny flap 2 z
ORL C./bn OR compicmen of direct b 1o Carn N 2
MOV Cbi Move dircet bin 1o Carry flap 2 ]
MOV bnC Move Carry flag 1o direct bnt N 2
PROGRAM AND MACHINE CONTROL

Mnemonic Description Bvie Cye
ACALL addrll Absoiute Subroutine Call 2 2
LCALL addri6 Long Subroutne Cal! 3 2
RET Rewurn from subroutine 1 2
RET) Rewrn from imerrupt | 2
AIMP  addrll Absolue Jump > 2
LIMP  addrl¢ Long Jump 3 2
SIMP el Shon Jump (relative addr 2 N
JMP  @A-DPTR Jump indireat relative 10 the DPTR ! 2
3z rel Jump if Accumulaior s Zeto 2 2
INZ re! Jump if Accumulator is Not Zero 2 N
JC rel Jump f Carry flag s st 22
INC rel Jump if No Carry flag 2 2
JB bit_rel Jump if direct Bu ser 3 2
INB bit.rel Jump if direct Bit Not set k} 2
JIBC bit.rel Jump if direct Bit is set & Clear bt 3 2
CINE  Adirecirel Compare direct to A & Jump if Not Eoust 3 2
CINE  Axdawarel Comp. immed. to A & Jump if Not Equa: 3 2
CINE  Rnsdauare) Comp. immed to reg. & Jump if Not Eoua™ 2 N
CINE @Ri#dawarel Comp immed 0 ind. & Jump if Not Egqua: 3 2
DINZ  Rn.rel Decrement regisier & Jump if Not Zere P
DINZ direcrrel Decrement direct & Jump if Not Zero 2 2
NOP No operanon i 1

Notes on dsta sddressing modes:

Rn — Working register RO-R7
direct — 125 internal RAM locauons. any 1'0 pori. control o1 siatus regsicr
©@Ri —Indirect iImernal RAM Jocauon addressed by register RU o R

#daia —B-bit constan included In Instrucnion
#data |6 — 16-bit consiani included as bvies 2 & 3 of instruction
bit — 122 sofiware flags. any 1/O pin. control or status b

Notes on program sddressing modes:
addrie —Destination address for LCALL & LIMP may be amvwhere wathin
the 64-Kilobwvie program memory address space

2ddr1} —Destinauon address for ACALL & AIJMP will be wathin the same
2-Kilobvie page of program memory as the first byie of the following
Insirucuon. .

—SIMP and ali conditional jumps include an R-bit offset bvie Range 1s
+127.-12% bvies relative to first byte of the following insiruction

rel

All mnemonics copyrighted © Iniel Corporation 1979

3. INSTRUCTION SET AND ADDRESSING MODES

The 8051 instruction set is extremely regular, in the sense
that most instructions can operate with variables from
several different physical or logical address spaces. Before
getting deeply enmeshed in the instruction set proper, it
is important to understand the details of the most
common data addressing modes. Whereas Table 4 sum-
marizes the instructions set broken-down by functional

group, this chapier starts with the addressing mode
classes and builds to include the related instructions.

Data Addressing Modes

MCS-5] assembly language instructions consist of an
operation mnemonic and zero to three operands scparated
by commas. In two operand instructions the destination
is specified first, then the source. Many byte-wide data
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p LIt i Trif
3 PRINT-EX & TRED
s PRIET-LIC 35T rree
3 jTEnDIEE £ 62
; £ Gi3k
H 133 Q14F
: 33 G154
: BET 0174
arT Gi9E
LY Q1A
87 14
.
BE
527
ron
57
5E7
LATE G400
LATA 8010
DATH 0020
; LE: BATS GO
.
H
.
3
.
1
:

4% £ CHARHE S 0F 1

aropr B

LB PR, LAREL MH. DPERAKE CORMERT

AJEE O INDT
ACAL  PRINTOUY

RET]

ACh.  CLKSES

RET!

Miv 8P, QQEH ; SET GTACK PKIR.

MOV BIE

Moy EibSTBE,QBSS
MOV DIBSTRZ,#DS2

¥Ov  DIBSTRI,#DS! .
ENRELE EXT.INTI & 7O

MOV 1EC,#16000110B ;
MDY IPC,#00000100R + HIEH PRIOR,
MOV TCON, $00000000R s T0 OFF.INT! LEVEL ACT.
M0V THDD,$00100110R : SET T1 ¢ T0 AUTO-RELDAL
MOV SCON, 3010000008 ; FOR FUTURE USE
LCAL PRINT-DIS + DISABLE FRINTER
LR FLAB.O
LR FLAG.1
CLR  FLAB.2
LR FLAB.3
LR FLAB.4
CLR  FLAB.S
CLR  FLAB.&
LR FLAB.?
MOV RO, 3CHI :
0133 76 00 ZERODISP-- MOV 3R, HOOH +.IERD DISPLAY
0135 08 N RO : REGISTERS
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o
12 26
B2 8
99 FF CE

kY KT My
S oen b
aal
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20 FD
B2 21

75 3EFF
78 30
01AS 90 FD OC
G1AB EC

(1A7 A4 FF

er ey
[
AL

CHECKEH

WRITCP

RUN
FIRST-CH

READ

wy ‘_)':B‘

ey fhe

LEIRANTD

RO #30H, ICROLYET

JEALH LR R
DISPINIT
DPTE.gF?VﬂH

A, $DFTR

e T orLrerl
Tolix |Uﬁ;.h'!‘.:'~h

THG, &
TLG, #FFH
FLAG. O

TCON. 4

DPTR, $FFORK
£,30PTR
ACC.3

JDPTR, A
FLAB. 0, AITCF
FLAG. 1

TEKPZ, BFFH
RO, $CHL

DPTR, $MUXADD
A, 30FTR

A EFFH

PR
Rt T N

[

e me mw

e ame WME amm MU e B e ME m ME e WA me e

POINT 7D [ik REE.D

READ REE.T
FLETT

18 B&TT.

YES! EHOUT THELF

LDAD "' L ETTE
§ STOFE IN BUFFER
P nAr i < Tr
gEITT TR ICD g

INVERT £
5708 5L

[ONVERT PACKED BID

oh!

RELOAL VALUE IN TIMER

FILL CNTR.
% SET FLAG
START TIMER

READ CLE.REG.
SET G3.RAYE BN,
 WRITE BACK
WAIT FOR CLE.PULBE
b FLAS

B
N

DISPLAY UPDATE CNTR.

START
PNT TG MUY
READ CHANN,
INVERT



COMMENT

Lok

IND DFTR READY FOE NEYT CHANK,
R{ B3AHNELT I8 17 LAET [HANRT

! DFTE, $MUXADD YEC.START ABEIK

NRVY  BIPIR,4A

-a

1 T
o

e

Tt 0

A
-
=
>
-5

x

(a4

>

L4
=
-3
e

3 START MUy CONVEREIDM
ot PUSH DPL H
o PUSE  DPH 1 SAVE DFTR
BE Gd CINE RO, BZAM NESTHERM 1 1B THIR

ka R ACAL  PRESSURE ; YES,[0M
EDOE 5 NEZTCH

RS ke ¥3v DFTR.2LATAMGE ; TERLE
STLoEE Il MY TEMRLLA :

oo 50 KOVD &, #b<DPTR 1 FET
A MOV @RaLh yE R
Lot D RS : PO

o BT (v DFTE, #DATALSE ;D

RS B3Y 4, TEMPY 1 BE
OO MOVL &,384DPTR ; FE
A f
ORI NEYTOH H
Lo OBZ \
PRRCINS T :
HENE S H
TE YN S
7RI 7 H
L2 30 FL DELAY ;
300D ;
Te T rE : ¥T
ORI H 8
s T -
21U A
BT fa
3 P

A27
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X _ R
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.
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DATA LARELS
bata 0000

B WO m WS e ey s

;THIS ROUTINE PRINTS THE FULL DATE & STARTING TIME FOR THE HRS THERMAL
;SURVEY SYSTEM DN THE FIRST PASS & DATA & TIME ON ALL SUBGEQUENT PADBSES,
THE CALEDAR DATE & TIME ARE FETCHED FROM A RTC AT LOC.FFO0-FFODH,

THE DATA 15 STORED IN INTERNAL RAM LDC.JOH-IBH (POINTEL TD BY RI}

e
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L2% st LEEEL "N, DPERAND COMKERT

CEL O PRINTDLT RUSH AT ;
ot e FUSE DPL ;
0o gl PUSH  DPH ;
Cu Fi ioH 1 SAVE VARIABLES
Lo 9: : ON STACY
;
3
§
x

I o I

L INVERT

; 15 PRINT SWITCH QW7

s YES, IUMF

; READ REE,

s IF /B SET LODF UNTIL CiF
H

;

e
gy 1N
(a2}

UFRATE MoVE A,
ar

FDFTE
£.7,UFDATE

18 THIE FIRET PAEST

gy S g PPV oy B

44 i FOINT T0 LATE

HEE: : POINT 1D T BUFFEE
0434 BN PE-DIATE : REAL DETE
4435 75 FU

6438
0435 88 3

[#a)
e

MIPELES

T MARK

n
o
-
v
L

Y 3R0,EDOH s SRALET
N RO

IND  DFTR

CINE RO, ¥51H,PR-DATE
MOV 3RO, E20H

NG RG

CINE RO, BaiH,BAP
SIMP PR-TINE

(3]
X
rt
-
e I <.
-4 ‘2 —

PR-DATA  MDV  RI, 430N ; POINT TD DATA
MOV RO, $ABH ; POINT TO PR.BUFFER
CLR  FLAB.2

NEXTNIE MOV A,3R! ; FETCH EYTE OF DATA
MV RH1b
DIV AR + SPLIT INTD NIBRLES
ORL A, 430H ; & RASK 15T NIBBLE
AV 3RO,A ; MOVE 1D BUFFER

IND Ko

0451 L5 FC ICH AR

0263 &4 30 ORL A, 8304

04L5 Fb MOV 3RO,A

0466 08 INN RO

04L7 09 IND RI

0458 20 22 04 JB  FLAB.2,5PACE

IND HIBBLE

STORE

-

BUMP PRINTER
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SIN NEXTHIE
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-

MU DPTR.4FFOLK ; PLINT 1O CLE. (HRE
MOV ; RERD TINE
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134" . mee

HESY
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Fe MoV
103 NG
LE Fé YTk
48 I or.
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Iy

aRe, 1208
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BE &F E7 CIND RO 86PN, TINE

1B BEC  RE

786 G0 PRINT COMMAND
S AL OO PRINTER ADEL,

PRINT BUFFER

e me AR e e

Huny

oo e e

:
r:
£t DISARBLE PRINTER

RESTORE

RESTORE VARIABLES
FRO¥ STACK

ey ey Eroer
: RS T

b o]

Eé Bf
04RC DG EC

RESET INT.

0400 L2 fﬁ LR FLQG:Q FIRST PRINT DONE
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ar % BY 8 T

Vg
{303
050C
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0G0E
0510
0511

54 FF
7% FO OGP

&Y REEIS

FRECEURE

Fo IF
FO Gh

< Fo

AKES THE READING FRD

TER JaM, T
HAXIRUM READING §

808
00B2
a0gz
GORE
boge
00BA
(0BE
GOBL
008D

OQEx
{(:GRE
o0nG

2634

Haee

DER (B} IE THEN MULTIFLIED

M. OFERAND

YRL &, 2FFH i
MOV B, HOBN -

IV AR :
MOV TEMP4,R ;

MOV B, B0AH
DIV AR
SHAP &

ORL  A,B
MOV 3RO, A
IN RO

TME oy W e e

A

i1, COVERTED 7O PACKED BID &

i. & (PRESGURE! IN THE ACCIMU-
" READING OF 31, THE REMAINDER
E IE CONVERTED TO PACKED BCD &

CORNENT

INVERT ACL.

DIVIDE INTO B'THE
STORE REMAINDER

EPLIT INTD 107G & UNITS
MOVE TO MON

ADD MENM

b STORE

BUMP PNTR TO DISPLAY REG.
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8021 ASEEMBLY LISTING FOR READTHWS

NE

INTERNAL RA¥ L3047

+ P = A8

or =
F<is = 3
; DRl = 0oe2
; LPE = GaBz
; LN = GOBE
; TMRD = 00RS
HER SR = GOBA
Pl = 0OBE
H z 4
e =
. Bo = A
13 = VAR
+ BT = G0RG
TEC = GO
H = 4600
sl = 00E:
HE = ’)‘C‘Ea.
HI: = O0F
H
H

. R sw MY e M e HY

e
¢ DETR LARELE
s )
LaTh Y
.
:

.oOBEL LAERL My OPERENT CONNENT

M0y PRI, EG3H CONTROL CODE READ F7

CAL LECE

NP1, 8FFH ; SET P! TO READ
MOV AP ; RERD P7

{ 2 FF 0 LCAL LIE
(SRE 64 FF YRL &, ¥°FH
0sCe 22 RET

INVERT

A2
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CH DISFLAY [F 4

Hy ¥

’EC FOR EACE
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;E.RJB~ % THEN BRITTEN T SPLAY POINTED 7D BY THE DPTR, qTQRTIhE a1
LOCAT IQN FEFWH
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JHRITT E TG T”: ’IQF‘ﬁv

3

RUM ORJ. LABEL PN, OPERAND COMKENT

05D0 90 FE FC DISPINIT MOV DPTR,¥FEF(H ; POINT TQ DISPLAY |
0SLZ 78 3¢ MoV RORI0H 3 POINT TD CH-STORE 1
OLLS BO 04 SIMP MAGK :

Qb7 AT KEXTLIEF IND  DPIR NEXT DISPLAY

e e

05DB 77 40 RASE MOV R1,340H POINT T DSY
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B RICDOOOLIE
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DPL

RG, §3DH, STEP
DISPINIT
P1,#11H

LCK

P1, #FFH

A,P1

LDE.

A, §FFH
ACL.0,CLKSTART
INB  ACC.1,SHITCH
JNE ACC.7,MONTH
WOV DPL,#09H

oD -

el

r.

crver :
LT TG 7

LEYE WILL .
JATA FOR SELECTING THE RES

£ogeAlL
THE BID

L
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- WE wme M me MO wp e e am

1

RESEY LIV
WRITE 7D REE A
PNT. TG CLK,

RERD P5

SET P1 7D READ

READ SWITCH SETTINES
SMITCH PORT OFF
INVERT

15 IT START?

ND! IS IT ENTER?

IS P3 YEAR? .

_YES! SAVE LOW ADD.
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Fig 3  Fawley outfall 20.3-85 Near-surface temperature
distribution HW=+1hr to HW+ 1:5 hrs
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Fig 4 Fawley outfall 20-3-85 Near-surface temperature
distribution HW + 2:3 hrs to HW +3 hrs
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Fig 5

Fawley outfall 20-3-85 Near-surface temperature
distribution HW+3-5hrs to HW + 4-3 hrs




550 600 650

500

8
B S
M 5
"}
- :
E 8 2
N \
K \
3 \
RE \
g O \
9 : . \
& :. \
¢ sli \
s & \
.g .‘ \
(= . \
; \
e \
o~ . \
: \
B \\
Sk ¢ \
o~ B \
: \
: < \
N - \
o i a \
o 3 N
£ AN
.o N

100
I
—4m depth

(D,) lUAqWD 3A0QD aunjpsadwad} WNWIXDW

Fig 6

Longitudinal variation of temperature during period
HW + 3-5 hre to HW + 4-3 hrs
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Fig 7 Lateral variation of temperature 300m from outfall

at HW + 35 hrs
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Inboard instrumentation
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PLATE 2 The “"Stewkie" Kite being launched from the moored vessel






PLATE 3 Photograph of the dye-enhanced thermal plume






PLATE 4 Aerial photograph showing the outfall structure,

the moored vessel and the tracking vessel.








