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The purpose of this project is to provide students with a fundamental understanding of control sensors and
systems and how they are applied to the many parts of practical heating, ventilation, & air-conditioning systems R
in commercial buildings. These control fundamentals, theory, and data for various types of control systems H i
provide essential background for efficient application of automatic control processes to heating, ventilation and g
air-conditioning systems. The analysis and calculations are done using an advanced Virtual Lab program.
Verification and evaluation of HVAC system performance is done by that program. Also, a calibration is done c:mhng heahng
for that virtual lab by comparing internal calculations done by the program with external engineering
calculations using psychometry charts, conservation equations&thermo-fluid relations to get same output results. Cooing oailis contmlled by Typset-paint - T 8T 5 SENS0MS
I T et Top e —SEN0 Sigal (00PN MOTe the CCrvae
Objectives of project: - A= Euvironment using A/C I Top messued < Topsetgeine — S€N0 Sighal f0close morethe CCvahe
eIdentifying main concepts of industrial auto. control Recycledrecirelated ar -Heafing coil is confrolled by T set-point
systems in HVAC applications by modern computer-based : — if Tar  Tarcatpuint — 5end the signal to open more the heating coil valve
programs which simulate those practical control systems. M) i Tun* Tarstgont — send the signal to close more fhe heafing cailvalve
*Investigation Applications of Automatic Control Virtual 04 4
File Air mixture Heatng  Cooling anc derumidificatior  Adidbatic humidfication  Afterheatng  Info
Labs to understand e [ 110 [ 66| S3T)[ 7] 457e][ AT vroneme ] T T Ty e
their functions, how they work & what are their input & PtL) mealau i @ E) 1 @ A S
. 1 ,—| TSI
Output Slgnals etc. ,m‘ i PKVEH;EIS}:‘E"T:EED\AERAM ) | \\M\m | 1
*Verification of the accuracy &validity of results obtained r——— Waviliv s
by HVAC virtual BRVIRES

labs through performing engineering &scientific
calibrations for those virtual

i Air Fans
-RECYCL
labs. The calibration is done by comparing internal ﬂ

calculations done by those virtual labs with external
engineering calculations using the thermo-dynamic, m
conservation equations, & thermo-fluid relations to get ealln Batter W

same Olltpllt results. [ mEne. DELVERT | [OUTTEMP.] J J ﬂ
Aftetheating Battery
[z, | [ cemeny |

A /?ﬂ?

5

138 mh
*Training students& enggs on Technical Report Writing& 59T < [ BLITC

Presentation SKkills

=

*Enhancing the skills of Searching for information and — outhEwBE:yer ez [P P P P | ZED oy 1 e T t g 4
adopting self learning capabilities related to Automatic 1 2 i & | (o] e AERANERE S FRLERRL

b e & cap , = A 1| F Wmum\’ ‘H\F‘,‘m‘y}\ﬁ\‘
systems and modern computer technologies. ﬂ [| ﬂ : : : ! 03T . \“;m“\ MW‘M‘ g bR




DDC is often used to control HVAC (heating, ventilation & air conditioning) devices as valves via microprocessors using software to
perform control logic. Such systems receive analog/digital inputs from sensors& devices installed in HVAC system and, according to
control logic, provide analog/digital outputs to control HVAC devices. These systems may be mated with a software package that
graphically allows operators to monitor, control, alarm & diagnose building equipment remotely. (like our project).
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|Funct10n of HVAC controls|
A Heating, Ventilating, and Air-Conditioning (HVAC) Control system operates the -Resistance Temperature Detector (RTD)
mechanical equipment (boilers. chillers, pumps. fans. etc.) to maintain the proper

: : - i : - . i *The RTD is a temperature sensing device
environment in a cost-effective manner. A proper environment 1s described with 5 .
four variables: temperature. humidity. pressure and ventilation. whose resistance changes with temperature.

Temperature sensors

[Temperature:] The comfort zone for temperature is between 68°F (20°C) and 75°F | *RTDs can take many different shapes.
(25°C). Temperatures less than 68°F (20°C) mavy cause some people to feel too cool. ;

Temperatures greater than 78°F (25°C) may cause some people to feel too warm.
Of course. these values vary between people. regions and countries.

The comfort zone for humidity is between 20% relative humidity
(RH) and 60% RH. Humidity less than 20% RH causes the room to be too drv.
which has an adverse effect on health. computers. printers. and many other areas.
Humidity greater than 60% RH causes the room to be muggy and increases the
likelihood of mildew problems.

(Pressure:) The rooms and buildings typically have a slightly positive pressure to
reduce outside air infiltration. This helps in keeping the building clean.
[Ventilation:] Rooms typically have several complete air changes per hour. Indoor
Air Quality (IAQ) 1s an important issue. The distri‘?uti_on pattern of the air ente_rin_g r ;. Kaplon Insulaled
room must keep people comfortable without feeling any drafts. and this 1is |§ WieWeund RT0 Element B Thin fim RTO Element

important as well. R10 Eloment




Thermocouple RTD
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IResistance Relative Humidity Sensor

*An older method that used resistance to determine relative humidity depended on
a layer of hygroscopic salt, such as lithium chloride or carbon powder, deposited
between two electrodes .

*materials absorb and release moisture as a function of the relative humidity,
causing a change in resistance of the sensor. An electronic controller connected to
this sensor detects the changes in resistance which it can use to provide control of
relative humidity.
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Capacitance Relative Humidity Sensor

*A method that uses changes in capacitance to determine relative
humidity measures capacitance between two conductive plates separated
by a moisture sensitive material as polymer plastic

*As the material absorbs water, the capacitance between the plates
decreases and the change can be detected by an electronic circuit.

MOISTURE

—_——
] SENSITIVE

WIRES TO CONTROLLER ___1 .
OR SENSING CIRCUIT I 1 POLYMER
—_— ™ GOLD FOIL OR OTHER

TYPE OF ELECTRODE PLATES

|.ﬂ.. MOISTURE SENSITIVE MATERIAL BETWEEN ELECTRODE PLATES.
MOISTURE

ULTRA THIM LAYER OF —

COMNDUCTIVE MATERIAL SENSITIVE
[ ) POLYMER
WIRES TO CONTROLLER — p—— \_ GOLD FOIL OR

OTHER TYPE OF
ELECTRODE PLATES

B. MOISTURE SENSITIVE MATERIAL BETWEEN ELECTRODE PLATES
AND THIRD CONDUCTIVE PLATE.

OR SENSING CIRCUIT

Pressure Transmitter: Working principle

Electronic pressure sensor converts
pressure changes into a signal such as
voltage, current, or resistance that can
be used by an electronic controller. A
method measures pressure by
detecting changes in resistance uses a
small flexible diaphragm and a strain
gage assembly . Strain gage assembly
is stretched or compressed as the
diaphragm flexes with pressure
variations. @ The  stretching or
compressing of the strain gage changes
the length of its fine wire/thin film
metal, which changes the total
resistance.
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Enthalpy transmitter 50 BIUILB
: ~dikg
Enthalpyis the sum 45 BTU/LB

of sensible and latent 104.5 k-J/kg
heat in the air. 40 BTU/LB
A psychometric $2.0kMke

chart can be 35 BTU/LB
81.4 k-Jikg

_Ex- Carrier:33CSENTHSW Enthalpy Switch/Receiver,33CSENTSENEnthalpy Sensor

The accessory enthalpy switch/receiver measures both temperature and humidity and
converts the data into a relay output dependent on the sensor mode. Mode 1 is designed
to energize the relay at a fixed set point of a certain value of BTU/Ib. Mode 2 is used in
conjunction with the enthalpy sensor to measure both indoor and outdoor enthalpy and
to determine which is greater. The enthalpy switch output can be normally open or
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Relative Humidity Controllers: Input circuits for

Enthalpy Controllers: Enthalpy controllers are
specialized devices that use specific sensors for inputs.
In some cases, the sensor may combine temperature and
humidity measurements and convert them to a single
voltage to represent enthalpy of the sensed air.

relative humidity controllers typically receive the
sensed relative humidity signal already converted to
a 0 to 10V dc voltage or 4 to 20 mA current signals.
Set-point & scales for these controllers are in percent
relative humidity.

—

Universal Controllers:: Input circuits of universal controller can accept one or more of standard transmitter/transducer
signals. The most common input ranges are 0 to 10V dc & 4 to 20 mA. Other input variations in this category include
2 to 10V dc& a 0 to 20 mA signal. Because these inputs can represent a variety of sensed variables such as a current of
0 to 15 amperes or pressure of 0 to 21000 kPa, the settings and scales are often expressed in percent of full scale only.
OUTPUT DEVICES: Actuator, relay, and transducer are output devices which use the controller output signal (voltage, current, or

relay contact) to perform a physical function on the final control element such as starting a fan or modulating a valve. Actuators
can be divided into devices that provide two-position action and those that provide modulating action.




TWO-POSITION:2-position devices ELECTRONIC MODULATING: These actuators ELECTRONIC CONTROLLER

., | CONTROLLER . )
as relays, motor starters & solenoid use a varying control signal to 4 —
valves have only 2 discrete states. The A1 adjust the final control element. OUTPUT
devices interface between controller CRIENT For example, a modulating valve - — : MPD‘-IL’&'TING
and the final control element. STEAM | controls the amount of chilled /ALVEACTUATOR
For example, when a solenoid valve is | TWO-POSITION SUPPLY| water entering a coil so that cool POWER )
energized, it allows steam to enter a |>---NOID VALVE TO COIL supply air is just sufficient to match CHILLED WATER
coil which heats a room . the load at a desired set-point . SUPPLY TO COL

TRANSDUCER: In some applications |ELECTRONIC 140 kPa . 40 60

a transducer converts a controller CONTROLLER 4v/4 AR SUPPLY S Q000 v

’ ) -luvde Electronic control system LED PANEL 20 80
output to a signal usable by actuator. + EP can be enhanced by visual N -~
For example Electronic-to-Pneumatic OUTPUT TRANSDUCER displays that show system || 2 3 - 4|0 0
(E/P) transducer: elect to-pneumatic - - -

status and operation. DIGITAL DISPLAY ANALOG METER

INTERFACE WITH OTHER SYSTEMS: It is often necessary to
interface an electronic control device to a system such as a
microprocessor-based building management system.

converts modulating 2 -10Vdc signal
output from controller to pneumatic
proportional modulating 20-90 kPa
signal for a pneumatic actuator.

VARIABLE RESTRICTION |20-90 kPa
CONTROLLED BY E/P
TRANSDUCER PNEUMATIC
ELECTRONICS VALVE
ACTUATOR
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