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LECTURE NOTES









CHAPTER 2
COLD WATER SUPPLY





Water Supply
· Water Authorities’ mains
· Private Sources (Streams, Rivers, Lakes, Wells,
Springs)

The water used must be colourless, free from suspended matter and harmful bacteria, pleasant to taste and for health reasons moderately ‘hard’.

	Wholesome
	1. Spring water.
2. Deep well water.
	Very palatable

	
	3. Uplands surface water.
	
Moderately palatable

	Suspicious
	4. Stored rain water.
	

	
	5. Surface water from cultivated lands.
	
Palatable

	Dangerous
	6. River water to which sewage gains access.
7. Shallow well water.
	






Mains Distribution
The main objective in mains distribution is to deliver good quality water to consumers with a reasonable pressure and quantity that meets the demand.
· Water board:  domestic – fully treated.
· Water board:  industrial – partially treated usually chlorinated.
· Large industrial complexes may provide and treat their own supply.
· The following is an example of water treatment for producing high
quality water for homes.
Pump
Sea
Desalination
Plant (e.g. Reverse Osmosis)
Water Supply




Service Reservoir


This is a large water tank sited to give ideal range of static head where possible	(30m-70m) height.Min. 30 m
Ideal range of the head










Note: 1m head = 9.8 kN/m2Max. 70 m



Pressure,
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Connection to Buildings
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Water meter
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Service pit



Water Tank
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Distribution Pipe


		
Communication PipeService Pipe



Storage Capacity of Tanks
Storage capacity per person for different building types

	Type of Building	Storage per person (Liters)

	Dwelling houses and flats
	91

	Hostels
	91

	Hotels
	136

	Offices without canteens
	37

	Offices with canteens
	45

	Restaurants
	7

	Day Schools
	27

	Boarding schools
	91

	Nurses homes and medical quarters
	114


Volumes of water used by each appliance

	Appliance
	
	Volume of Cold water (Liters)

	Wash basin
	
Hand wash
	
5

	
	Wash
	10

	
	Hair Wash
	20

	Shower
	40

	Bath
	110

	W.C
	10

	Washing Machine
	150

	Sink
	
Wash up
	
15

	
	Cleaning
	10




Example for Determining Storage
Capacity of Water Tanks


· Example: You are designing a boarding school of 200 students and staff. What should be the volume of the cold water tank?




· Solution:

From the first table for a boarding school

the	storage	required	is	91	Litres	per	person.
Therefore the total volume required is:
Volume = 91 L/person x 200 persons = 18200 L This is the same as 18.2 m3  or 18.2 Tons of water
(Note: 1 m3 = 1000L)



Hardness takes place above this value


Water Quality

US standards for drinking water

	PARTICLES WITHIN WATER
	RECOMMENDED LEVEL

	Aluminum
	0.05-0.2 mg/l

	Chlorite
	250 mg/l

	Co lour
	15 co lour unit

	Copper
	1 mg/l

	Corrosivity
	Non corrosive

	florid
	0.2 mg/l

	Small particles
	0.5 mg/l

	Iron
	0.3 mg/l

	Manganese
	0.05 mg/l

	Odor
	3 threshold number

	Silver
	0.1 mg/l

	Sulphate
	250 mg/l

	Total dissolved particles
	500 mg/l

	Zinc
	5 mg/l







Scaling

Hardness of Water



The simple definition of water hardness is the amount of dissolved calcium and magnesium in the water. Hard water is high in dissolved minerals, both calcium and magnesium.
(Difficult to obtain a lather with soap)
· Two types of hardness:
1.Temporary	2. Permanent
	
can be removed by boiling the water


can not be removed by boiling the water



Hardness level measured in parts per million (ppm)

[image: ]


[image: ]Softening Process
Water softener

Base exchange process:
· Removes both temporary and permanent hardness very efficiently by passing the water through zeolites contained in a cylinder.


The process is as follows:
Sodium Zeolite	+	Calcium Sulphate
(in softener)	(or Carbonate)
(in water)

becomes
Calcium Zeolite	+	Sodium Sulphate (or Carbonate)
(held in softener)	(in solution with the water but harmless)




Backwash Process
Water softenerZeolite tank
Salt tank

Back wash:
After a period of use the sodium zeolite is converted into calcium and magnesium zeolite, thus losing its softening power. It is then regenerated by the addition of a strong solution of common salt (sodium cloride). The salt is kept in contact with calcium zeolite for about half an hour, in which time the calcium zeolite is converted back into sodium zeolite.

The process is as follows:
Calcium Zeolite	+	Sodium Chloride
(exhausted sodium)	(common salt)
becomes
Sodium Zeolite	+	Calcium Chloride
(regenerated)	(flushed to drain)

Reverse Osmosis is based on the process of osmosis. Osmosis involves the selective movement of water from one side of a membrane (a plastic film that looks similar to cellophane) to the other. To make the process work, pressure is applied to the contaminated water, forcing water through the membrane; purer water collects on the other side of the membrane.

[image: ]	[image: ]
Reverse Osmosis



Keeps away
a. Viruses (200 – 4000 times bigger than membrane holes)
b. Bacteria (2000 – 10000 times bigger than membrane holes)

[image: ]



Reverse Osmosis System

[image: ]	[image: ]
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Home RO Systems
RO is probably best known for its use in turning seawater into drinking water. However, it is also effective for treating water quality problems in the home.
RO can reduce the amounts of organics, inorganics, bacteria and particulates
that can be found in contaminated drinking water.


[image: ]	[image: ]




Larger Scale RO Systems



Level Control Switch
LEVEL CONTROL SWITCH
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Automatic Water Transfer in Buildings


S1	S2

M

S3



Main switc h
S1






Water tank (roof-level)

Electric al circ uit- representation


SYMBOLS


Union

Valve

S3	Check-valve

Float switch




Water tank (ground-level)


Pump

Water Transfer by Level Control

Ball valve
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Air (1.5 bar)



Pressure
switch
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Electrical Motor

Pump


Pressure Booster Sets: Automatic pump operation for high-pressure water transfer




SYMBOLS

Water tank (roof-level)



Pump

Main switc h



Pressure switc h

Union
Float switc h



Chec k-valve

Float valve




Live	Neutral




Membrane vessel



Points of use









Water tank (ground-level)






Pump

























Dwellings:
Water transfer to taps and roof-tanks
by pressure booster sets


SYMBOLS


Pump

Pressure switch Flow switc h

Automatic Water Transfer in Buildings


Union
L	N





Membrane vessel





Water tanks (roof-level)









Water tank (ground-level)





Pump

Multi-Story Buildings: Water transfer to roof-level tanks by pressure booster sets



Using Water Efficiently


In many countries (especially in Cyprus) water is scarce and there is a need for using water rationally. Some examples that offer promise of savings:

· WCs (Flushing capacity varies between 22 litres to 9 litres. When dual flush is used it is possible to flush 4.5 litres if no solids are present in the WCs.)
· Showers (Particularly those delivering a fine spray offer great economy of both water and energy. When compared to baths showers save enormous amount of energy. They also save space and are safer in use.)
· Urinals (Normally flushing is arranged to take place every 20 mins by delivering 5 litres of water. Bowl-type urinals proved to require no flushing (i.e., no water) in order to avoid smells.)
· Sensors (Sensors can be used with taps and urinals so that water is used when there is a need only so that wastes are minimized.)











CHAPTER 3
HOT WATER SUPPLY






















Introduction
· Hot water is required for the comfort of people in
buildings.
· Hot water supply must be adequate in order to meet the
occupants’ demand.
· There are different ways of heating water. Depending on the resources available the technologies used can be:
· Solar water heaters
· Gas water heaters
· Electric water heaters
· Heat pumps
· On the other hand hot water preparation can be
integrated with central heating systems.




Water Heating System in Houses
AIR VENT



















[image: ]SERVICE PIPECOLD
WATER TANK
HOT WATER
STORAGE TANK
Fuel
(Direct Heating)
HOT AND COLD
WATER USAGE




Heat Losses from Pipes



HOT WATER
STORAGE TANK
DEAD LEGS

DEAD LEGS:
Connections from the hot water source (or secondary flow) to the taps are known as dead-legs.

AIR VENT



Dead Legs
· Dead legs occur in hot water systems where water does not move for a period of time.
· In central systems there are pipework linking the	central supply
with the draw-off points.
· Between draw-offs the water in the pipe will cool and the next draw off will involve running the cold water to waste before it reaches the tap, creating dissatisfaction, waste of water and heat.
· In these systems in order to keep consumption within reasonable limits dead legs of pipework serving hot-water taps are governed to following maximum lengths:

	Pipe diameter
	Maximum Length (m)

	20 mm
	12 m

	25 mm
	7.6 m

	More than 25 mm
	3 m

	Spray taps
	1 m



[image: C:\Users\user\Desktop\622Am.trace_heating_round_pipe.jpg]

How to Avoid Dead Legs
To avoid dead legs in plumbing systems there are two common approaches;
1. Install a secondary return pipe.
2. Maintain the water temperature at all times with trace heating.


Trace heating takes the form of an electrical heating
element run in physical contact along the length of a pipe.




Dead legs



Estimation of hot-water storage
Code of Practice 342 (Centralized Hot-Water Supply, UK)

	Type of Building
	Storage per person
(litres)
	Type of Building
	Storage per person
(litres)

	Colleges & Schools:
Boarding
Day
	
23
4.5
	Hospitals:
General Infectious Maternity Nurses’ homes
	
27
45.5
32
45.5

	Dwelling houses
	45.5
	
	

	Factories
	4.5
	
	

	Flats
	32
	Hostels
	32

	Hotels (Average)
	35
	Offices
	4.5

	
	
	Sports pavilions
	36



By use of the table, a dwelling with 3 occupants will require 45.5 x 3 = 136.5	litres of hot water-storage.
Hot Water Storage




· Estimation of hot -water storage
If the number of occupants is not known the following table may be used



	APPLIANCE
	
	VOLUMES OF HOT
WATER (Litres)

	WAS H BASIN
	

Hand wash
Wash
Hair wash
	

1.5
3
6

	SHOWER
	13

	BATH
	70

	WASHING MACHINE
	70

	SINK
	
	

15
5

	
	Wash up Cleaning
	





Storage-Type Electric Water Heater
V E N T


The following figure shows the typical340 mm
H = 700 mm

[image: ]dimensions used in Cyprus
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Storage-Type Gas-Fired Water Heater









1. [image: 2]Thermostat2
3
4
1
6
5

2. Flue pipe
3. Cold water feed
4. Hot water outlet
5. Burner
6. Buffer



Instantaneous Gas Water Heater



[image: instant GWH]Exhaust pipe




Heat exchanger pipes


Burner











Hot water



Gas

Cold
water



Instantenous Electrical Water Heater








Solar Water Heating System
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Solar Collector Assembly


[image: ]

Source: homepower.com



Thermosyphon-Type Solar Water Heater



Cold Water Tank


Air vent pipe



Hot Water Cylinder



Collectors


Cold Water Feed






Circulation of Water by THERMOSIPHON
action


Forced Circulation Solar Water Heating































Coil used in
indirect heaters

Source;     http://www.pacificenergysales.com/for-homeowners/solar



Solar Collectors Integrated into the
Inclined Roof Structure




AIR VENT


COLD WATERINCLINED ROOF



HOT ATER

TANK	SOLAR
ENERGY




Cold feed




Hot water

W
TANK




SOLAR COLLECTORS



Hot Water Generation with Central Boiler
· Hot water can be generated by the central boiler plant and stored





Central heating Boiler



Indirect heating

Hot Water
Cylinder




Solar Collectors










To radiotors, fan convectors or floor heating









Fuel




Pump

Return Flow



Photovoltaic
panels



Hot Water Generation with Heat Pumps







Cool air

Warm air










CHAPTER 4
PIPES






History


Materials:
· Lead used to be very popular material due to its availability, durability and ease of working. It had environmental problems
· Industrial developments have produced a range
of new materials.
· These materials, such as cast iron, copper, wrought iron, steel, plastic and stainless steel, have come into widespread use



[image: ]Copper as a Pipe Material
Copper:
· Uses: Cold-water service pipes below ground, all cold- and hot-water supply pipework, heating system pipework, particularly in small buildings, and waste pipes.
· [image: ]Merits: Extremely durable, strong, resistant to mechanical damage, easily worked, good flow characteristics.
· Jointing: Welding or by capillary or
compression joints.


Parts Required for Assembling Copper
Pipes
Copper pipe-fittings
Copper male adapter


Reducing Tee

Brass female adapter







Tee

Brass female elbow





Elbow












Reducing Tee



Joining Copper Pipes
Soldering a copper pipe































Source: https://www.familyhandyman.com/plumbing/how-to-solder- copper-pipe/view-all

[image: CuPipesInstall]Installation of copper pipes

Bonding
By soldering

Capillary solder joints have a very neat appearence. Solder is either applied or is contained in the fitting and when heated by blowlamp spreads through the joint by capillary attraction
Joining Copper Pipes





Installation of copper pipes




· Compression fitting	• Capillary fitting



[image: ]	[image: ]





water



Steel pipe:
· Uses: Hot water, heating and chilled installations are the principal uses, but steel pipes are also used in cold-water distribution and waste pipework.
· Merits: Steel is cheap, very strong, both for water pressure and in resisting damage. Corrosion may be a problem so it should always be galvanized
· Jointing: Screwed, welding or flanged.
Steel as a Pipe Material



Parts Required for Assembling
Galvanized Steel Pipes
· Galvanized steel fittings· Union


Cap
Nipple
45o Elbow
Plug
Tee
Cross




Opening Threads on Galvanized Steel
Pipes
Galvanized steel pipes
For galvanized steel pipes jointing is by screwed joints.








[image: RD_114-0]screwed joint for steel tubing



Assembled Fittings and Pipe



Union

Teflon thread sealing tape






Gate
valve


Gate Valve


[image: ]	[image: ]	No
Part
MATERIAL
1
Nut
Mild steel / S. S.
2
Washer
M. S. / S. S. /Almunium
3
Hand wheel
Cast Iron / Aluminium
4
Stem
Brass
5
Gland nut
Brass
6
Gland
Brass
7
Packing
Asbestos rope
8
Bonnet
Bronze
9
Check nut
Brass
10
Wegde
Bronze
11
Body
Bronze


Gate Valve Assembly




Globe valve

[image: ]	[image: ]	No.
PART
MATERIAL

1

Nut

Mild steel / S. S.
2
Washer
M. S. / S. S. /Almunium
3
Hand wheel
Cast Iron / Aluminium
4
Stem
Brass
5
Gland nut
Brass
6
Gland
Brass
7
Packing
Asbestos rope
8
Bonnet
Bronze
9
Disc
Bronze / Neoprene rubber
10
Body
Bronze


Globe Valve Assembly



Steel Pipes
[image: Flange()][image: ]Large diameter pipes can also be obtained with flanges, which facilitate bolting together, to valves and flanged fittings.

[image: Butt Welding Fitting()][image: ]                Flanged fittings
Butt welding fittings
Larger Diameter Steel Pipes



[image: Image result for plastic water pipes]Pipes Made of Plastics
Plastic pipe:
· Uses: Hot water, heating and chilled water installations are the principal uses, but steel pipes are also used in cold-water distribution and waste pipework.
· Merits: Generally light, easily worked, frost resistant, economical. Some types degrade in sunlight and several types elongate under temperature differences
· Jointing: gluing, push-fit, solvent weld joint.



Different Materials Plastic Pipes Made Of


















PB-1 (Polybutylene) pipes	PP (Polypropylene) pipes

[image: ]	[image: ]	[image: ]

PE (Polyethylene) pipes	Chlorinted Poly Vinyl
Chloride (CPVC) pipes

Poly Vinyl Chloride
(PVC) pipes


Gluing together with adhesive in Chlorinted
Poly Vinyl Chloride (CPVC) Pipes




















Jointing and Installation of CPVC pipes

[image: Image result for push fit plastic water pipes]
Push-Fit Connection Fittings in Plastic Pipes




· [image: Image result for push fit plastic water pipes][image: ]Push-fit connection
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Fusion Welding in Plastic Pipes


[image: Related image]polypropylene (PP-R) pipes
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PVC Drainage Pipes
Drainage pipes
PVC drainage
pipes




Access for cleaning
















Main
Pipe

Cement pipe


Installation of Rainwater and Waste Water
Pipes



[image: Laying pipes]Rainwater and sewage systems are not mixed.





A Landscape Application






CHAPTER 5
SANITARY FITMENTS AND PIPING IN BUILDINGS


Prof. Dr. Uğur Atikol




Sanitary Fitments






Grouped in two categories:


a) Ablution fitments
· Wash basins
· Bath tubs
· Shower trays
· Kitchen sinks
b) Soil fitments
· [image: 20040302_1045_97]Water closets
· Urinals



Assembling the Wash Basin









Wash basin

Tap or mixer valve


Overflow

Wall










Cock valve


Cold or hot water supply pipe
15mm or 1/2 inch diameter



Flexible connection


Waste water



In Summary:
Taps or mixers can be either fitted on the walls or on the wash basins
A mixer valve is used
when hot and cold water is available
The object of a water
(or running) trap is to avoid bad odours from the sewer
Flexible connections
are used to connect the taps or mixers to water supply pipes

Running trap

discharge pipe
50mm or 2 inches diameter

Cock valves are used
to cut off the water for repair and maintenance work.



How Running Trap Works




Rubber seal


32 mm pipe



Bottle-running trap






Trapped water

Waste water discharge pipe (32 or
50 mm)



Nasty odours from the sewer



Wash Basin Drain P-Trap

Source:
https://theplumbinginfo.com/plumbing-traps/

Dimensions in mm

Source: http://kitchenbathroomfixtures.com/sanliv- bathroom-sink-or-wash-basin-p-trap.html



Wash Basin Installation Dimensions


Dimensions in mm




Basin Mixer Dimensions



[image: þÿ]Single-trunk basin-mixer












Dimensions in mm



Source: http://www.plumbware.co.uk/product/mono- basin-mixer-tap/

[image: þÿ]

Assembling the Bathtub








Source: http://www.diynetwork.com/how-to/rooms-and-spaces/bathroom/the-anatomy-of-a-bathtub- and-how-to-install-a-replacement



Various Bathroom fitments


[image: ]
Source: F. Hall, Building Services and Equipment, Longman, 1992



[image: þÿ]Wall-mounted Bath Mixer Dimensions
Dimensions in mm
















Source: https://www.dkhoi.com/standard-size-bathtub-measurements/amazing-standard-size- bathtub-measurements-8-size-4.jpg/





[image: ]

Source: F. Hall, Building Services and Equipment, Longman, 1992
Kitchen Sink



[image: ]

Water Closet






[image: ]
Dimensions L or H are taken into account during discharge pipe installation




Typical dimensions in mm


The design of sanitary pipework systems:


A sanitary pipework system should contain the minimum amount of pipework necessary to carry away the foul water from the building quickly and quietly. It should not create a nuisance or risk to health, nor damage to the fabric, but it must prevent air from the drain or sewer from entering the building under all circumtances.


Traps and discharge pipes to sanitary appliances:


Every sanitary appliance should be fitted with a trap either as an integral part of the appliance or attached to and immediately beneath its outlet. All traps should be accessible and provided with adequate means of cleaning and for this purpose there is an advantage in providing traps which are capable of being readily removed or dismantled.
Soil and Waste Systems



The minimum internal diameters of traps to various appliances are as follows:

	Domestic Appliance
	Minimum Installation dia.

	Wash Basin
	32 mm (1 ¼”)

	Bidet
	32 mm (1 ¼”)

	Sink
	40 mm(1 ½ ”)

	Bath/shower tray
	40 mm(1 ½ ”)

	Wash Tub
	50 mm	(2”)




 

Flow in Waste Pipes


Partially evacuated space



Slope: 20mm/m







Max. length 1.70 meters




An air pocket forms between the water attempting to remain in the trap and the waste water flowing towards the stack. The static pressure of this air is below athmospheric pressure, and the water in the trap is pushed away from the trap, leaving an inadequate or non-existent seal. (also noise is created!) The problem is avoided by using 32 mm pipes only when the length is restricted to 1.70 m at a slope of 20 mm/m run.



[image: þÿ]Flow in Waste Pipes







The sloping waste-pipe can be up to 3 m long if its diameter is raised to 50 mm. This allows aeration from the stack along the top of the sloping section.





[image: ]


If the waste pipes are longer than 3 m with bends and even vertical parts, they are added a 25 mm open vent pipe as shown above.



Vent Pipes for Basins Remotely Located

from the Stack

Trap ventilation pipe





Trap ventilation pipe


Vent pipe Stack







When the sanitary appliances can not be located close to the single stack system, then extra vertical vent pipes should be used.From these vertical vent pipes branches are connected to the end of the traps to ensure proper ventilation of the traps and protect the trap seal.





Source: Peter Burberry, Environment an Services, 8th Ed.1999, Longman



Washing Machine Connection




45 cm min
to
75 cm max. (some areas)
15 cm min
to
45 cm max.



Source: https://www.pinterest.com/pin/265008759295445602/
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[image: ]Connection of Washing Appliances:
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WASTE WATER DRAINAGERough plumbing for a DWV system
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Glossary



SOIL VENT PIPE A vertical wide pipe into which toilet and other waste appliances discharge which is ventilated at its upper end to prevent syphonage.
INSPECTION CHAMBER Another term for a manhole located over an underground drainage installation to allow access for cleaning and other maintenance.
DRAIN	Underground system of piping to discharge water and sewage away from the building.
WASTE PIPE	A pipe to carry water away from a basin, bath or sink. GULLEY	A fitting of the underground surface water or waste water drain over which downpipes or other above ground drainage discharge.	There are various types e.g. open gulley, back inlet gulley.






CHAPTER 6
SANITARY SYSTEMS AND SEWAGE TREATMENT











Sanitary Pipework Systems

Grease seperator
Kitchen
50
Service pit
70
Soakaway
100
Service pits
or manholes




Grease Separator or Grease Trap


Cross-sectional view of the typical construction of grease trap

Lid



Greasy waste water in



Inlet pipe





Layers of Grease

Partition

Less greasy waste water out




Outlet pipe



Commercial Type Grease Trap


Diffuser Baffle

Upward flow of grease

Grease retention area




Air intake

Flow control
device












Baffle design helps the grease separate from the water
Source: https://www.drain-net.com/shop-by-product/plastic-grease-traps/product/plastic-grease-trap-25-gpm



Inspection Chambers and Manholes




[image: ]


Source: F. Hall, Building Services and Equipment, Longman, 1992



Back-drop Pipe


[image: ]



Building a Manhole with Backdrop Pipes

Cleaning access








PVC pipe backdrop





Low-level sewer



Sewage Water


· Sewage is waste water that are discharged from toilets, wash basins, sinks, showers, industrial processes etc.
· The waste water from residences are primarily feces and urine.





Sewage Treatment




Septic Tank
· Septic Tank is a small scale sewage treatment system common in areas with no connection to main sewerage pipes provided by private corporations or local governments.
· The term "septic" refers to the anaerobic bacterial environment that develops in the tank and which decomposes or mineralizes the waste discharged into the tank.

[image: ]



Two-compartment Septic Tank


[image: ]



Soakaway or Seepage Pits








Biological Treatment Plants

Compressor


























Primary settlement chamber	Aeration chamber

Final settlement zone

(Micro-organisms developed through bubble generation)



Separating Rainwater from Sewage

[image: ]	[image: ]



City Scale Sewage Treatment Plants


In many cities the waste water is carried to central sewage treatment plants by means of pipes. The contaminants are removed and the cleaned water is either used in irrigation of plants or discharged into the rivers or lakes.










CHAPTER 7
VENTILATION










· Why do we need to do ventilaton in buildings?
· The main reason is to decrease the humidity in a given environment and improve the air quality. Ventilation is also practiced in places where the “bad” air is needed to be replaced by fresh air.

[image: ]	

Kitchen	BathroomRespiration
Wet air
Dry air

Why Ventilation?




· Problems associated with poor air quality
· [image: þÿ]Healt effects
· Headaches
· Sore throat
· Respiration problems
· Stinging eyes
· Tiredness
· Allergies
· Dustmites
· Radon
· Moisture
· Damp stains
· Mould



a. REDUCTION IN HUMIDITY LEVELSS
-Dust-mite levels decrease
-Mould disappears
-Fungus disappears
b. REMOVES THE CAUSE OF TIREDNESS AND HEADACHES
-High CO² levels are replaced with fresh air
-Moist, stuffy air is eliminated
-Poisonous particles emitted by artificial building materials are removed
c. ELIMINATES RADON PROBLEMS
-Radon gas will be ventilated away
d. REDUCES THE NEED FOR REDECORATION
-Cigarette smoke will not linger
-The amount of pollution in the air decreases
e. LOWERS THE HEATING COST
-A damp house is impossible to heat (try heating a wet towel)
Advantages of Ventilation




a. Kitchens
b. Bathrooms
c. Restaurants
d. Conference rooms
e. Theatre buildings
f. Places where people smoke



Humidity increases
as we use the shower and the kitchen


Kitchen	Bathroom
Where do we need Ventilation?




Ventilation and Heating
Ventilation is essential for a fresh, comfortable atmosphere. With the introduction of central heating, insulation and draught proofing, well designed ventilation becomes vital.
Without a constant change of air, centrally heated rooms quickly become stuffy and before long the moisture content of the air becomes so high that water is deposited as condensation.
There are various ways to provide ventilation, some extremely simple, others much more sophisticated for total control.




Natural ventilation	Mechanical ventilation
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Natural Ventilation



Stack-effect Ventilation


Winds from leeward creates a suction
















Cross- ventilation




Fresh air entering through a widow

Fresh air entering through a widow



Stack-effect ventilation in commercial buildings








Example design of stack ventilation

Stack ventillation design in the building of British High Commission in Colombia
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Mechanical Ventilation














Exhaust air



Fresh air




Exhaust fan



Mechanical Ventilation
























Exhaust air


Fresh air



[image: 200410260127220]Choosing the Fan Size
The size of a fan, or to be more accurate its capacity is determined by the type of room in which it is installed and the volume of air it must move.
A fan installed in a kitchen must be able to change the air completely 10 – 15 times per hour. Other types of rooms have different standards:

	Room
	Air changes per hour

	Bathroom
	15 – 20

	WC
	10 – 15

	Living room
	4 – 6



Example: A kitchen has a length of 3.35m, width 3.05m, hight of 2.44m. Calculate the fan capacity to be appropriate for this kitchen.
Volume=3.35 x 3.05 x 2.44 = 24.93 m3
Air changes per hour can be taken to be 15. Fan capacity = 24.93 x 15 = 374 m3/hour.

Note: In ducted applications pressure losses need to be estimated as well.




Ducted Ventilation Systems



[image: kitchen vent fan]Kitchen Equipment
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Conditioning with Ventilation
Rooftop unit







Fresh air



Mixing chamber


Roof A/C


Supply air



Roof






Return air

Exhaust
air


Conditioned Building

Efficiency in Winter




Heat Recovery Ventilation
Heat recovery ventilation for Energy


5oC
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20oC

8oC



Outdoors



17oC







(Source: http://omega-bud.pl/main.php?l=en&p=l)

Efficiency in Summer





35oC
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38oC



Outdoors



27oC







(Source: http://omega-bud.pl/main.php?l=en&p=l)


Heat Recovery Ventilation




[image: rekuperator2]Heat Recovery Ventilation
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Demand Control Ventilation
Demand Controlled Ventilation for Energy Efficiency
· What is it?
· Vary outdoor air intake (fresh air) to match current occupancy
· How can it be done?
· Time-of-day schedules
· Occupancy (on-off) sensors
· CO2-based L/s per person sensing
· Measure CO2 in return ducts, and keep levels under approximately 1000 PPM



Variable Speed Drives (VSDs) are required



Air duct

Motor
VSD
Fan
Air flow
Electricity
input
Feedback signal from
occupancy sensor (or other sensors) is sent to VSD to increase or decrease the speed of motor

Variable Speed Drive (VSD)



Variable Speed Drives for Energy Efficiency in Fans Applications
· Because of the fan laws, large savings can be achieved using variable speed drives for fans and pumps. The cube law says:


kW	RPM	3


 	new

	new 	

kWold

RPM

3
old


· Example: If fan speed is reduced by a half, the power consumed is reduced by 1/8.










CHAPTER 8
CENTRAL HEATING
















Central Heating
· A central-heating system provides warmth to the whole interior of a building (or portion of a building) from one point to multiple rooms.
· Central heating can be achieved by
· Combustion of fosil fuel by a furnace (boiler)
· Air-to-air heat pump system70oC
Boiler
90oC
Room 4
Room 1
Room 3
Room 2

· Air-to-water heat pumpsystem
· Water-to-water heat pump system
· Solar thermal systems.
· Heat is distributed by
· Water circulating through pipes
· Forced air through ductwork
· Steam circulating through pipes

Hot water central heating system




[image: how-does-it-work]Components
· Boilers (or heat pumps)
· Solar collectors
· Heat distribution pipes or headers
· Hot water tanks
· Underfloor pipes
· Radiators
· Towel rails
· Fan convectors


(Source: http://www.centralheating.co.nz/net/learn/how-it-works.aspx)



One-pipe Central Heating System



Radiator thermostat




















Room thermostat


Central Heating with Boilers



Two-pipe Central Heating System


Central heating Boiler
Efficiency = 0.83 – 0.95



To radiotors, fan convectors or floor heating





Return pipe
Fuel	Flow pipe
Pump


Burner


Hydro-flow (or water circulation) Heating Systems



Combi-boiler





Radiators







Shower



Tw o-pipe system
With flow and return pipes.
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(http://www.centralheating.co.nz/net/learn/how-it-works.aspx)
A Modern Central Heating System





Cast iron block















How Does a Boiler Work?



Burner




Can be gas or oil fired

FLAME

Bedroom

Radiators and Towel RailsCorridor


Bathroom

Installation of Radiators
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Why place them under the windows?
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Radiator placed on an interior wall	Radiator placed under the window

Source: http://www.bestheating.com/info/blog/how-does-a-radiator-heat-the-room/



A cutaway of underfloor heating arrangement


Floor finish

Pipework

Screed



Thermal insulation



Slab
Underfloor Heating
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Radiator heating	Underfloor heating

Source: https://www.incognitoheatco.com/underfloorheating/comfort/
Underfloor Heating vs Radiator Heating
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[image: Fitting underfloor heating is simple, our pipe choice means you dont have to resort to complicated and expensive flooring materials]Radiator Heating	Underfloor Heating
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Heat Pumps


Refrigeration Cycle
Compressor






E.V.



Evaporator


Condenser



(http://www.samsainc.com/refrigeration.html)





(http://www.descoenergy.com/system_type.htm)

Coefficient of Performance = 3 – 5 (in warm climates)


Ducted Packaged Systems or Rooftop Units



Rooftop Unit with Fresh Air
Rooftop unit







Fresh air



Mixing chamber


Roof A/C


Supply air



Roof






Return air

Exhaust
air


Conditioned Building



Heat Recovery Ventilation


Heat recovery ventilation for Energy Efficiency in Winter







5oC
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8oC



Outdoors



17oC







(Source: http://omega-bud.pl/main.php?l=en&p=l)



Air-to-Air Split System Heat Pump












Heat is absorbed by the refrigerant leading to its evaporationHeat
Cooled
air





Heat from air




Refrigerant releases its heat and condensesHeat
Heat





Electricity to compressor



Ducted Split-Unit Heat Pump Systems






Ducting

Supply grilles






















Outdoor unit	Indoor unit




Air-to-Water Heat Pumps
Evaporator coils




Cool air

Warm air





















Condenser coils


The achieved water temperatures are most appropriate for underfloor heating


Variable Speed Drive (VSD) in Ducted Systems
Air duct






























the speed of motorMotor
VSD
Fan
Air flow
Pressure
sensor
Electricit
y input
Feedback signal is
sent to VSD to increase or decrease




Variable Speed Drive (VSD)
· Because of the fan laws, large savings can be achieved using variable speed drives for fans and pumps. The cube law says:

kW	RPM	3


 	new

	new 	

kWold

RPM

3
old


· VSD can be applied to all electric motors (where ever they are available in a system) in order to achieve energy efficiency.


Fans, pumps, compressors etc.










CHAPTER 9
MECHANICAL COOLING


















Central Cooling

· A central-cooling system provides coolness to the whole interior of a building (or portion of a building) from one point to multiple rooms.
· Central cooling can be achieved by
· Single package refrigeration units using water as energy carriers (i.e. Chillers)
· Single package ducted refrigeration units

· Split unit ducted refrigeration units
· Air-to-air heat pump system
· Air-to-water heat pump system
· Water-to-water heat pump system
· Evaporative coolers
· Absorption refrigeration units
· Heat is distributed by

13oC


Room 4

Chiller

7oC


Room 1

· Water circulating through pipes
· Forced air through ductwork

Room 3

Room 2

Chilled water central
heating system



Evaporative Cooling
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Vapor Compression Refrigeration Cycle



Compressor








Heat is absorbed from the cooled environment

Evaporator






E.V.

Condenser



Heat is released to a nearby environment








Coefficient of Performance = 2.5 – 3.5 (in warm climates)

(Source: http://www.samsainc.com/refrigeration.html)



Chilled Water Cooling System



Fan Coil Units

FCU-1	FCU-2	FCU-3





Air handling unit
AHU







Flow


Duct






Pump


Return

Cool Air


Flow water ~ 7 deg C Return water ~ 13 deg C



Fan Coil Unit (FCU)


Fans
Coil




Typical FCU Connection




3-way valve


Room Thermostat


























3-way valveFlow
Return


Condensate tray


Fan
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Source: https://www.pinterest.com/pin/211528513731818584/
Air Handling Unit (AHU)
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System Improvement Options for Energy Efficiency
Make building envelope improvements to reduce cooling load
insulation, high performance windows and roofs
Replace old cooling units and chillers with more efficient models
Consider multiple chillers
Consider a chiller with a variable speed drive




Ducted Split Unit Systems






Ducting
Outdoor unit
Indoor unit
Refrigerant piping




Variable Refrigerant Volume (VRV)












AtmosphereExpansion valves
Compressor
(Variable speed drive)
Evaporator
Evaporator
Evaporator
Condenser






VRV System in Summer Mode




Fans
Warm Air
Flow
Cool Air Flow
Indoor units comprise of:
Outdoor unit comprise of
•
•
•
expansion valve
evaporator (condenser) fan
· condenser (evaporator)
· compressor
· Fans




Water Cooling with Heat Pump Systems







Expansion valveFlow to fan-coils
Return from fan-coils











Heat


HeatCondenser


AGtrmouonsdphoerre Water reservoir





Energy storage:Evaporator

Water tank


Compressor



Packaged Rooftop Unit



Cooling coil

Fan

Condenser






Fresh air intake

Compressor





Supply air duct






Return air duct



Rooftop Unit with Fresh Air
Rooftop unit







Fresh air



Mixing chamber


Roof A/C


Supply air



Roof






Return air

Exhaust
air


Conditioned Building






Duct Configurations



Plans of an Amphi-theatre
with the application of roof-top a/c
















E.F.


Roof-top unit







Roof top unit
Fresh air intake
Duct
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Traditional type hot water circulating system.
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