In any study of heat it must be remembered that heat is _________ and can cause

damage by starting a ________, or possible __________ ___ _____________ or

_________ to people or livestock.
Energy  / fire / damage to properties 
Lighting produces heat as well as other equipment that is used specifically for

heating. The various items of heating equipment are energy consuming devices, and

each is defined as an electrical appliance in clause _________ of AS/NZS3000. The

wiring, control and protection of an appliance is subject to the requirements of the

relevant sections of the Wiring Rules according to the appliance type and rating, the

type of control required and its operating environment.
1.7
Section 4.2 of AS/NZS3000 covers __________ __________ __________

_________ and 4.2.2.3 sets limits on surface temperatures to minimise the risk of fire

hazards. Clause 4.2.3 and table _______ lists factors relating to protection against

burns.

PROTECTION AGAINST THERMAL EFFECTS  / TABLE 4.1
Most of the electrical heaters used will need to comply with the relevant Equipment

Standard for that piece of equipment and some may require reference to the Building

Code for specific use or installation requirements. Appendix A lists some of the

relevant Standards that may be called up for further information. eg: AS/NZS60335

_____________ and similar electrical appliances.
60335 Household and similar electrical appliances—Safety
Lamps, luminaries and their associated ancillary equipment must be so installed as

not to cause undue temperature rise, ignition or deterioration of the materials on

which they are installed or that they illuminate. See clause ___________.
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229 ASINZS 3000:2018

Exception: Festoon lighting may be within arm’s reach where installed
immediately below a ceiling.

4.5.2 Lamps and luminaires
4.5.21 General

Lamps, luminaires and their associated ancillary gear shall be
installed so as not to cause undue temperature rise,
deterioration of the materials—

(a) on which they are mounted; or
(b) that they illuminate.
Luminaires shall—

() be suitable for the highest temperatures to which they are likely to be
subjected by external influences; and

(i) be installed in accordance with the manufacturer's instructions, taking

account of the highest rating of lamp to be used

NOTES

1 Some building materials can be affected by pyrolysis—the decomposition of
organic material as a result of long-term exposure to elevated temperatures.
Where exposed to high temperatures for a significant period of time, such
materials can self-ignite

2 Attention is drawn to the high temperatures that can be generated in
luminaires. Cables with suitable insulation temperature ratings should be
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The ever popular 'down light' presents its own special conditions. Clause 4.5.2.3

lists the options available for the safe installation of recessed luminaires.

• The first requirement (a) is to check for a manufacturer’s certification for

specific installation.

• Install the luminaire in a suitable separation from thermal

insulating materials, combustible building elements and loose

combustible materials enclosure
• Provide the required _____barrier __________ around the luminaire

• Or provide the default clearances listed in figure 4.7 

Barrier

4.5.2.3.1 General requirements

(a) Recessed luminaires and their auxiliary equipment shall be installed in

a manner designed to prevent—
(i) excessive temperature rise of the luminaire and auxiliary

equipment; and

(ii) the risk of fire from ignition of combustible materials.

(b) The requirement in (a) shall be satisfied by one of the following

methods:

(i) The installation of a luminaire designed and certified by the

manufacturer as being suitable for operation—
(A) in contact with combustible materials; or

(B) in contact with, or enclosed/covered by, thermal insulation

material.

(ii) The installation of a luminaire in combination with a barrier tested

and classified in accordance with AS/NZS 5110 as being suitable

for the installation conditions.

(iii) The installation of a luminaire with separation from thermal

insulating materials, combustible building elements and loose

combustible materials not less than—
(A) the minimum clearance specified by the manufacturer of the

luminaire, which may require a barrier or guard constructed

of fire-resistant materials; or

(B) the default clearances as specified in Figure 4.9, which may

require a barrier or guard constructed of fire-resistant

materials.

ADVANTAGES OF ELECTRIC HEATING

There are several advantages of electrical heating:-

• The ease of _______________ from electrical energy to heat energy;

• The ease of __________ of the electrical energy in the conversion process;

• The large range of __________________ that can be obtained, with the

only limit being the materials used;

• The ___________________ of the process, with minimal fumes being

generated compared to combustion processes, such as gas etc.

Conversion

Utilisation
Temperature

Control 
All these manual controls, known as on off or __________ control devices, can

only control the input energy in steps and rely on the judgment of the operator for

correct operation. Manual control is used extensively in many heating applications

because it is relatively _________ and ________________. If more precise control

is required some infinitely variable control device or automatic control device may

be used.
Temperature/ simple and effective
INFINITE VARIABLE CONTROLLERS

An infinite controller or _________ controller is one that can have its output

controlled to any value. An example of an infinite controller is a light dimmer, which

can control the brightness of an incandescent lamp to any level, compared to a

‘step’ controller, or switch, which only gives limited control to a pre-determined

Level
An infinite switch, simmerstat, energy regulator or infinite controller is a type of switch that allows variable power output of a heating element of an electric stove. It is called "infinite" because its average output is infinitely variable rather than being limited to a few switched levels. It uses a bi-metallic strip conductive connection across terminals that disconnects with increased temperature. As current passes through the bimetal connection, it will heat and deform, breaking the connection and turning off the power. After a short time, the bimetal will cool and reconnect. Therefore, infinite switches vary the average power delivered to a device by oscillating quickly between on and off states. [1] They may be used for situations that are not sensitive to such changes, such as the resistive heating elements in electric stoves and kilns. 

Disadvantages of the high-speed mechanical switching include erosion of the switch contacts by arcing and generation of radio-frequency interference and a general unsuitability for handling high powers and inductive loads. 

It can be considered as a very slow pulse-width modulation device. Although the device is similar in operation to a bimetallic switching thermostat, the device does not actually sense the temperature of the "burner" to be controlled, but uses the heating time of a very small electric heating element as an analog. 

A rotary knob/cam arrangement is usually employed to switch-on the electric current to the "burner" and to also set the desired heating level. 

Within the device, the very small electric heating element heats a bimetallic strip. After some time, the bimetallic strip bends to open a set of switch contacts, thus interrupting the electric current to the heating element. At the same time, another (more robust) set of spring-loaded switch contacts, mounted in parallel with the former, also open, cutting off the heavy current to the "burner". Both the small heating element and the "burner" now begin to cool off. At some point the bimetallic strip will be sufficiently straight to trigger both sets of switch contacts to close, thus causing both the small heating element and the "burner" to recommence the above heating cycle. 

Rotating the rotary knob/cam arrangement further increases the pre-load on the trigger mechanism. Consequently, it takes longer for the bimetallic strip to warp sufficiently to trigger the electric "cut-out" described above. Thus the "burner" becomes hotter. 

There are two main types of infinitely variable control devices

A silicon controlled rectifier (SCR) is a solid state switching device which can provide fast, infinitely variable proportional control of electric power. Not only does this give maximum control of your heat process, but it can extend heater life many times over other control methods.

Microcontroller-based Temperature Monitoring and Control
AUTOMATIC CONTROL

THERMOSTATIC CONTROL

There are three basic types of thermostats, named from the type of temperature

sensing element used in them:-

• ________________________

• ________________________

• ____steam _____________ pressure

In terms of operation, thermostats are available in two basic types: line-voltage and low-voltage.
· Line-voltage thermostats. These thermostats are used in single heating systems, including radiator systems and baseboards. ... 

· Low-voltage thermostats. ... 

· Programmable Thermostats. ... 

· Mechanical Thermostats. ... 

· Electronic Thermostats
List 3 household appliances that use a Bi-metal thermostat as a form of heat

control:

irons, fryers, broilers, toaster ovens, crock pots, coffee makers, hotplates and food warmers

THREE PHASE HOT WATER CONTROL

Flow switches

The three phase automatic instantaneous type of water heater is not temperature

controlled, but the heater element is automatically switched on and off by a hydraulic

diaphragm switch whenever a hot water tap is operated. This is necessary to isolate

supply when water is turned off.

The heat input to the heater is constant therefore the only temperature control is by

varying the water flow. There is no __________________ fitted to this water heater.

More modern heaters have a high low switch fitted to allow for seasonal differences

in ambient water temperature.

Thermostat
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Flow Switches

The flow switch detects whether there is any flow in the piping and opens or closes an
electrical contact. Itis normally used in heating, air-conditioning, refrigeration, water
treatment, additive pumping and process systems in general. By means of the flow switch it
is possible: to control devices such as pumps, burners, compressors refrigerators,
motorized valves; to turn on indicator and alarm devices and regulate equipments for dosing
water additives. In heating systems, especially, the flow switch has the objective of
switching the bumer offin case of a lack of medium circulation within the water heater
circuit. A lack of circulation would otherwise impair the operation of the temperature-
sensitive safety and protection devices
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