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1
Internal Loads - Infiltration - Ventilation
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Space General Offices Perimeter Offices Interior Offices

Total Load (m2/TR) 27 - 37 20-25 27-32

Total Load (Ft2/TR) 300 - 400 225 - 275 300 - 350

Total Heat (Btuh/ft2) 30 - 40 30 - 40 30 - 40

Sensible Heat (Btuh/ft2) 25 - 28 25 - 28 25 - 28

RSHF 0.75 - 0.93 0.75 - 0.93 0.75 - 0.93

Air Change Rate 4.0 - 10 4.0 - 10 4.0 - 10

Space Restaurants Cocktail Lounge / Bar Patient Rooms

Total Load (m2/TR) 9.5 - 24 14 - 18 23 - 27

Total Load (Ft2/TR) 100 - 250 150 - 200 250 - 300

Total Heat (Btuh/ft2) 28 - 120 60 - 80 40 - 48

Sensible Heat (Btuh/ft2) 21 - 62 27 - 40 32 - 46

RSHF 0.65 - 0.8 0.65 - 0.8 0.75 - 0.85

Air Change Rate 7.5 - 12 15 - 20 4.5 - 25

Space Dining Halls Libraries / Museums Retail, Departments Store

Total Load (m2/TR) 9.5 - 24 25 - 32 18 - 27

Total Load (Ft2/TR) 100 - 250 250 - 350 200 - 300 

Total Heat (Btuh/ft2) 48 - 120 34 - 48 40 - 60

Sensible Heat (Btuh/ft2) 21 - 62 22 - 32 32 - 43

RSHF 0.65 - 0.8 0.8 - 0.9 0.65 - 0.9

Air Change Rate 12.5 - 15 8.0 - 12 6.0 - 10

Space Theaters Churches

Total Load (TR/Seat) 0.05 - 0.07 0.04 - 0.06 

Total Heat (Btuh/Seat) 600 - 840 480 - 720

Sensible Heat (Btuh/Seat) 325 - 385 260 - 330

RSHF 0.65 - 0.75 0.65 - 0.75

Air Change Rate 8.0 - 15 8.0 - 15

Cooling load Estimations Rule Of Thumb
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"Banks/ Court Houses" "Town Hall/ Municipal 
Building" "Police Station /FireStation" Computer Rooms

18-23 18-23 23-32 4.5 - 14

200 - 250 200 - 250 250 - 350 50 - 150 

48 - 60 48 - 60 34-48 80 - 240 

28 - 38 28 - 38 25-35 64 - 228

0.75 - 0.9 0.75 - 0.9 0.75 - 0.9 0.8 - 0.95

4.0 - 10 4.0 - 10 4.0 - 10 15 - 20 

"Dental Centers/Clinics" Appatments Hotel Public Spaces School Classrooms

23 - 27 30 - 40 24 - 27 20 - 25

250 - 300 350 - 450 250 - 300 225 - 275

40 - 48 27 - 34 40 - 48 43- 53

32 - 46 22 - 30 32 - 46 25 - 42 

0.75 - 0.85 0.8 - 0.95 0.75 - 0.85 0.65 - 0.8

4.5 - 25 4.0 - 12

Dress & JewelryStore SuperMarkets Malls Jails

16 - 20 23 - 32 13 - 32 32 - 41

175 - 225 250 - 350 150 - 350 350 - 450

53 - 69 34 - 48 34 - 80 27 - 34

23 - 54 25 - 40 25 - 67 22- 30

0.65 - 0.9 0.65 - 0.85 0.65 - 0.85 0.8 - 0.95

6.0 - 10 6.0 - 10 6.0 - 10

Space Bowling Alleys

Total Load (TR/Alley)

1.5 - 2.5

1.5 - 2.5

1.5 - 2.5

1.5 - 2.5

Air Change Rate  9.0 - 15

Important Note: 
Each Supplier Recommends Max Area for each Equipment Capacity So this Must Be taken into account Before Selecting 
the Equipment Capacity.
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Internal Loads Calculations
 1-Electric Motors

Here are recommended max. Area for split concealed units of a well known 
brand

Model Number Fan Coil Unite (Indoor) Dimensions(LxHxW) appropriate area m2

QDM - 12 HEAT PUMP 70*21*63.5 UP TO 15

QDM - 18 HEAT PUMP 92*21*63.5 UP TO 20

QDM - 24 HEAT PUMP 92*27*63.5 UP TO 28

QDM - 30 HEAT PUMP 114*27*77.5 UP TO 38

QDM - 36 HEAT PUMP 114*27*77.5 UP TO 45

QDM - 42 HEAT PUMP 120*30*86.5 UP TO 50

QDM - 48 HEAT PUMP 120*30*86.5 UP TO 55

QDM - 60 HEAT PUMP 120*30*86.5 UP TO 60
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2-Lighting      
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4-Medical Equipment 
(ASHRAE Fund. 2021ED)

5-Lab. Equipment
(ASHRAE Fund. 2021ED)

6-Electric Appliances (Unhooded - During Cooking)

3-People Loads (ASHRAE Fund. 2021ED)
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Infiltration Rule of thumbs
Heating Infiltration (15-mph wind)
A.Air Change Rate Method
1.Range 0 to 10 AC/hr.
2.Commercial buildings:
a.1.0 AC/hr. one exterior wall
b.1.5 AC/hr. two exterior walls
c.2.0 AC/hr. three or four exterior walls
3.Vestibules 3.0 AC/hr.
B.CFM/sq.ft. of Wall Method
1. Range                          0 to 1.0 CFM/sq.f
2Tight buildings           0.1 CFM/sq.ft.
3.Average buildings    0.3 CFM/sq.ft.
4.Leaky building          0.6 CFM/sq.ft.

C.Crack Method
1.Range         0.12 to 2.8 CFM/ft. of crack 
2.Average     1.0 CFM/ft. of crack 
Cooling Infiltration (7.5-mph wind)
A.Cooling load infiltration is generally ignored unless 
close tolerances in tempera- true and humidity control are 
required.
B.Cooling infiltration values are generally taken as 1/2 of 
the values listed earlier for heating infiltration.

Ventilation Calculations 
(According to Ashrae 62.1 2019ed.)

Breathing Zone Outdoor Airflow. The outdoor airflow 
required in the breathing  zone (Vbz) of the occupiable 
space or spaces in a ventilation zone shall be not less than 
thevalue determined in accordance With this Equation.
Vbz = Rp × Pz + Ra × Az (6-1)
where 
Az = zone floor area, the net occupiable floor area of the 
ventilation zone, ft2 (m2)
Pz = zone population, the number of people in the ventila-
tion zone during use
Rp = outdoor airflow rate required per person as deter-
mined from the Following Table.
Ra = outdoor airflow rate required per unit area as deter-
mined from Following Table.Example: 
Assume you Are Designing the Ventilation System of a 
GYM with 1000 ft2 Area and is Designed to have 15 Per-
sons Exercising at the Same Time.

From the Following table in the GYM Row, you can Get that 
Rp = 20 CFM / Person
Ra = 0.18 CFM / Ft2
Minimum Fresh Air Required 
= 20 x 15 + 0.18 x 1000 = 480 CFM  
Important Notes: 
•Whenever You Design Any Zone and you Have Direct 
Exhaust Due to (Toilets, Lockers Specific Equipment, Exfil-
tration, etc.) this Exhaust Air must be taken into Account 
when Calculating Fresh Air Required for the Zone.
•Zones where emissions are expected from stored hazard-
ous materials are not typical
for any listed occupancy category.
•Dry ice, theatrical smoke, and smoke-producing activities 
are not typical for any listed occupancy categories

7-Electric Appliances (hooded - During Cooking)
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Min. Ventilation Rates
 (According to Ashrae 62.1 2019ed.)
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Min. Exhaust Rates 
(According to Ashrae 62.1 2019ed.)
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Min Distance Between Fresh Air Intake and Exhaust Air Aoutlet 
(ASHRAE 62.1 2019ED Table 5.1)

Ventilation Rule of thumb for Some Special Rooms
1.Electrical Room 
A.Recommended Minimum Ventilation Rate
1) 2.0 CFM/sq.ft.
2)10.0 AC/hr.
3)5 CFM/KVA of transformer.
B.Electrical Room Design Guidelines
1. Determine heat gain from transformers, panelboards, 
and other electrical equipment contained in the electrical 
room. Then, determine required airflow for ventilation or
tempering of space. 
2. Generally, electrical equipment rooms only require 
ventilation to keep equipment fromoverheating. Most 
electrical rooms are designed for 95F to 104F; how-
ever, consult the electrical engineer for equipment 
temperature tolerances. If space temperatures 90F
and below are required by equipment, air condi-
tioning (tempering) of the space will be required.
3. If outside air is used to ventilate the electrical room, 
the electrical room design temperature will be 10F 
to 15F above outside summer design temperatures.
4. If conditioned air from an adjacent space is used to 
ventilate the electrical room, the electrical room tem-

perature can be 10F to 20F above the adjacent spaces.
2.Mechanical Rooms
A.Recommended Minimum Ventilation Rate
1) 2.0 CFM/sq.ft.

2)10.0 AC/hr.
B.Mechanical Room Design Guidelines
Determine heat gain from motors, pumps, fans, 
transformers, panelboards, and othermechani-
cal and electrical equipment contained in the me-
chanical room. Then, determine the required airflow 
for the ventilation or tempering of space.Generally, 
mchanical equipment rooms only require ventilation. 
Most mechanical rooms are designed for 95F to 104F; 
however, verify mechanical equipment temperature toler-
ances. If space temperatures below 908F are required by 
mechanical equipment, airconditioning (tempering) of the 
space will be required. A number of products (DDC control 
panels, variable frequency drives, other electronic com-
ponents) will perform better if the mechanical room is 
tempered in lieu of just ventilating the room.If outside air 
is used to ventilate the mechanical room, the mechanical 
room design temperature will be 10F to 15F above outside 
summer design temperatures. If conditioned air from an ad-
jacent space is used to ventilate the mechanical room, the
mechanical room temperature can be 
108F to 208F above the adjacent spaces.
3.Boilers Room
A. 8 CFM/BHP combustion air.
B. 2 CFM/BHP ventilation.
C. 1 BHP = 34,500 Btuh.
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DUCT SIZING 
The methods used to size air ducts are the equal friction method, velocity reduction and static regain.

Procedure:
1.Select maximum air velocity in main duct after fan outlet.
2.Enter the friction chart knowing the cfm and velocity 
to determine the friction rate / 100 ft of duct length and 
select the diameter. 
3. From the friction rate obtained, use the same value to 
determine diameters for all other sections of the ductwork.
4. The total friction loss in the duct system is then calcu-
lated by multiplying the friction loss per 100-foot of length 
to the equivalent length of the most critical path of the 
ductwork having maximum resistance.

Duct Loss Estimating:
• Layout single line duct diagram, duct velocity and the 
Design Flow Loss (DFL – pressure loss/100’ of duct).
• Select most likely critical path, Measure Total Duct Length 
(TDL) including supply and return paths along critical path.
• Tabulate the type and quantity of duct fittings along 
critical path.
• Utilize the Fitting Loss charts in this section to determine 
the
Total Equivalent Length (TEL) of duct for all fittings. Tables 
are for 900 Fpm air velocity and for a 0.08 IWC/100 Ft 
friction rate. 
The equivalent length values for return-side fittings are 
for 700 Fpm air velocity and for a 0.08 IWC/100 Ft friction 
rate. This information appears at the top of each page of 
the fitting tables.
• Use Fitting Loss Conversion Factors equation to convert 
equivalent length for other system design conditions other 
than 900 fpm and 0.08” w.g./100 feet of duct.
The equivalent length (ELx) for another velocity (Vx) or 
another friction rate (FRx) is calculated by this equation:

ELX = EL* (VX / VA)2 * (FRA / FRX)
• Calculate estimated duct system losses as follows:
[(TDL +TEL) x DFL] / 100
• Add losses from other components
Common external static pressure losses 
• Throwaway Filter - 0.1” 
• Supply Outlet - 0.1” 
• Return Inlet - 0.1”
• Flex duct (5’ smooth radius elbow to inlet/outlet) = 120’ft  
Total equivalent length.

Air Velocity:
Table A1 provides guidelines for air velocity through duct 
airways, supply outlets and return grilles. If recommended 
velocities are used, system resistance and generated noise 
are less than if maximum velocities are used.
As far as resistance is concerned, the maximum velocity 
limit may be exceeded if the available ESP produced by the 
blower equals or exceeds system resistance.

Application

Controlling Factor

Noise Generation Duct Friction

Main Ducts Main Ducts Branch Ducts

Residences,private 600 Supply Return Supply Return

Apartments, hotel rooms,
hospital rooms 1000 1000 800 600 600

Private offices, libraries 1200 1200 1300 1200 1000

Theaters, auditoriums 800 2000 1500 1600 1200

General offices, upscale 
restaurants, upscale stores, 

banks
1500 1300 1100 1000 800

General stores, cafeterias 1800 2000 1500 1600 1200

Industrial 2500 3000 1800 2200 1500

      

Carrier Air System Design Manual
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Group 1 (ACCA Manual D, 2014)
Supply Air Fittings at the Air Handling Equipment

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 2 (ACCA Manual D, 2014)
Branch Takeoff Fittings at the Supply Trunk

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 3 (ACCA Manual D, 2014)
Reducing Trunk Takeoff Fittings

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 4 (ACCA Manual D, 2014)
Supply Air Boot and Stack Head Fittings

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 5 (ACCA Manual D, 2014)
Return Air Fittings at the Air Handling Equipment

(Reference Velocity = 700 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 6 (ACCA Manual D, 2014)
Branch Return Air Fittings at the Return Trunk

(Reference Velocity = 700 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 7 (ACCA Manual D, 2014)
Elbows and Offsets

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 8 (ACCA Manual D, 2014)
Supply Trunk Junction Fittings

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 9 (ACCA Manual D, 2014)
Return Trunk Junction Fittings

(Reference Velocity = 700 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 10 (ACCA Manual D, 2014)
Flexible Duct Junction Boxes and Radius Bends

(Reference Velocity = As Indicated & Friction Rate = 0.08 IWC per 100 Feet)
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Group 11 (ACCA Manual D, 2014)
Transitions (Diverging)

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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Group 12 (ACCA Manual D, 2014)
Transitions (Converging)

(Reference Velocity = 900 Fpm & Friction Rate = 0.08 IWC per 100 Feet)
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3
PIPING SYSTEM
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PIPING SYSTEM
This Section deals with hydronic piping materials, joining methods, valves, control devices, strainers and flexible connectors.
Hydronics is the use of water as the heat-transfer medium in heating and cooling systems. A hydronic piping system is used 
to circulate chilled or hot water with the connections between the piping and the terminal units made in a series loop (Closed 
Loop) and between Chiller and Cooling Tower in open loop.
Hydronic piping components and installation shall be capable of withstanding the following minimum working pressure and 
temperature:
1.Chilled-Water Piping: 1520 kPa at 16 °C., Schedule 40 all pipe sizes with grooved/mechanical coupling.
2.Condenser-Water Piping:  1030 kPa at 49 °C.,
3.Schedule 40 for piping DN 300 and smaller, Standard Schedule for piping larger than DN 300.
4.Makeup-Water Piping:  1030 kPa at 24 °C., Schedule 40.
5.Condensate-Drain Piping:  24 °C.
6.Blowdown-Drain Piping:  49 °C.
7.Air-Vent Piping:  49 °C.
8. Safety-Valve-Inlet and -Outlet Piping:  Equal to the pressure of the piping system to which it is attached. 

For Closed loop Pipe sizing    

CHILIED WATER PIPE SIZING

CHILIED WATER PIPE SIZING AS PER ASHRSE STANDARD
IF ∅<=2”- 4 FPS AND IF ∅ >2”- 4 FT/ 100 FT OF PIPE LENGTH

                                        IMPERIAL                                                                                         SI 
     Water floow rate in GPM                   pipe size                           water flow rate in LPS                    pipe size
       min                            max                          (inch)                            min                           max                          (mm)

0 2.8 0.5” 0.0 0.2 15

2.9 5 0.75” 0.2 0.3 20

5.1 8 1” 0.3 0.5 25

8.1 14 1.25” 0.5 0.9 32

14.1 20 1.5” 0.9 1.3 40

20.1 40 2” 1.3 2.5 50

40.1 70 2.5” 2.5 4.4 65

70.1 120 3” 4.4 7.6 80

120.1 250 4” 7.6 15.8 100

250.1 450 5” 15.8 28.4 125

450.1 700 6” 28.4 44.1 150

700.1 1300 8” 44.1 81.9 200

1300.1 2500 10” 81.9 157.5 250

2500.1 4000 12” 157.5 252.0 300
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For Open loop use Following chart 

Operating Hours/Year <= 2000 hours/year                              >2000 and <= 4400 hours/year >4400 hours/year

Nominal pipe Size, 
inches Other Variable flow/

Variable speed Other Variable flow/
Variable speed Other

Variable 
flow/

Variable 
speed

21/2 120 180 85 130 68 110

3 180 270 140 210 110 170

4 350 350 260 400 210 320

5 410 410 310 470 250 370

6 740 740 570 860 440 680

8 1200 1200 900 1400 700 1100

10 1800 1800 1300 2000 1000 1600

12 2500 2500 1900 2900 1500 2300

Maximum velocity 
for pipes 14 to 24” 

in size 
8.5 ft/s 8.5 ft/s 6.5 ft/s 9.5 ft/s 5.0 ft/s 7.5 ft/s

  ASHRAE 90.1-2019 maximum flow rate (gpm) by pipe size, hours of operation and application
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And for drainage Pipe:

EQUIPMENT CAPACITY MINIMUM CONDENSATE PIPE DIAMETER

Up to 20 tons of refrigeration 0.75 inch

Over 20 tons to 40 tons of refrigeration 1 inch 

Over 40 tons to 90 tons of refrigeration 1.25 inch

Over 90 tons to 125 tons of refrigeration 1.5 inch

Over 125 tons to 250 tons of refrigeration 2 inch
for S1 : 1 inch = 25.4mm, 1 ton of capacity

Pipe Label Color Schedule as per ASME

Pipe contents Color scheme

Fire-Quenching fluids White Text on Red

Toxic and corrosive fluids Black Text on Orange

Flammable Fluids Black Text on Yellow

Combusitble Fluids White Text on Brown

potable,Cooling,Boiler,Feed,and other Water White Text on Green

Compressed Air White Text on Blue

User-Defined White Text on Purple

User-Defined Black Text on White

User-Defined White Text on Gray

User-Defined White Text on Black

ASME Pipe Marking colors

2018 Creative Safety Supply
Outside Diameter (OD), SDR, PN and Weights per Meter for PE 80& PE 100 according to EN 12201 / EN 1555

SDR SDR 7.4 SDR 9 SDR 11

PE100 PN 25 PN 20 PN 16

PE80 PN 20 PN 16 PN 12.5

ODmm th kg/m th kg/m th kg/m

20 3.0 0.162 2.3 0.132 2.0 0.116

25 3.5 0.240 2.8 0.199 2.3 0.170

32 4.4 0.387 3.6 0.327 3.0 0.275

40 5.5 0.603 4.5 0.510 3.7 0.429
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50 6.9 0.940 5.6 0.790 4.6 0.666

63 8.6 1.479 7.1 1.263 5.8 1.054

75 10.3 2.107 8.4 1.774 6.8 1.472

90 12.3 3.019 10.1 2.559 8.2 2.133

110 15.1 4.524 12.3 3.803 10.0 3.164

125 17.1 5.822 14.0 4.904 11.4 4.105

140 19.2 7.313 15.7 6.162 12.7 5.116

160 21.9 9.520 17.9 8.024 14.6 6.716

180 24.6 12.037 20.1 10.153 16.4 8.489

200 27.4 14.892 22.4 12.555 18.2 10.469         

SDR SDR 13.6 SDR 17 SDR 21

PE100 PN 12.5 PN 10 PN 8

PE80 PN 10 PN 7.5 PN 6.5

ODmm th kg/m th kg/m th kg/m

20

25 2.0 0.148

32 2.4 0.231 2.0 0.194

40 3.0 0.355 2.4 0.293 2.0 0.245

50 3.7 0.549 3.0 0.452 2.4 0.372

63 4.7 0.875 3.8 0.720 3.0 0.577

75 5.6 1.239 4.5 1.016 3.6 0.826

90 6.7 1.775 5.4 1.461 4.3 1.185

110 8.1 2.630 6.6 2.174 5.3 1.778

125 9.2 3.389 7.4 2.774 6.0 2.272

140 10.3 4.244 8.3 3.482 6.7 2.846

160 11.8 5.540 9.5 4.545 7.7 3.732

180 13.3 7.032 10.7 5.749 8.6 4.690

200 14.7 8.625 11.9 7.095 9.6 5.812
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Hydronic Piping Supports
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HANGERS AND SUPPORTS Spacing according to SECTION (23 05 29)

Refrigerant tubing
Dielectric union: unique adapter is applied to separate the two dissimilar metals by inserting an elastomeric rubber gasket 
in between. As If two different metals come in contact with each other, an electrolytic reaction begins, where water serves 
as the electrolyte. So, the metals will corrode. This process is called galvanic corrosion. 

Line Test Pressure 

R-134a R-407C R-410A

Suction Lines for Air-Cond tioning 793 kPa 1586 kPa 2068 kPa.

Suction Lines for Heat Pump 1551 kPa 2620 kPa 3689 kPa.

Hot-Gas and Liquid Lines 1551 kPa 2620 kPa 3689 kPa.

Steam Piping
Install the following pipe attachments:
a.Adjustable steel clevis hangers for individual horizontal piping less than 6 m long.
b.Adjustable roller hangers and spring hangers for individual horizontal piping 6 m or longer.
c.Pipe Roller used for multiple horizontal piping 6 m or longer, supported on a trapeze.
d.Spring hangers to support vertical runs.
e.Install hangers with the following maximum spacing and minimum rod sizes:

Hangers for vertical Carbon steel pipe at each floor and at spacing not greater than 4.5 m.
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Pipe Size Spacing Rod

DN 20 2.1 m 16 mm

DN 25 2.1 m 16 mm

DN 32 2.7 m 19 mm

DN 40 2.7 m 19 mm

DN 50 3.0 m 19 mm

DN 65 3.4 m 19 mm

DN 75 3.7 m 19 mm

DN 100 3.7 m 19 mm

DN 150 3.7 m 22 mm

DN 200 3.0 m 22 mm

DN 250 1.8 m 25 mm

DN 300 1.2 m 25 mm
Vertical runs at roof, at each floor, and at 3-m intervals between floors.

UPVC Piping

Pipe Diameter Maximum Support Spacing Minimum size of hanger 
Rod (mm)

Horizontal Pipe (Cm) Vertical Pipe (Cm)

15 mm 60 120 10

20 mm 70 140 10

25 mm 75 150 10

32 mm 80 160 10

40 mm 90 180 10

50 mm 105 210 10

75 mm 135 270 13

100 mm 150 300 16

150 mm 180 360 16

200 mm Or Larger 215 360 16
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Maximum Support spacing for Schedule 40 CPV Piping (in feet)

Temperature (of) 0.5” 0.75” 1” 1.25” 2” 2.5” 3” 4” 6” 8” 10”

73 5 5 5.5 5.5 6 7 7 7.5 8.5 9.5 10.5

100 4.5 5 5.5 5.5 6 7 7 7.5 8 9 10

120 4.5 4.5 5 5.5 5.5 6.5 7 7 7.5 8.5 9.5

140 4 4 4.5 5 5 6 6 6.5 7 7.5 8

160 2.5 2.5 3 3 3.5 4 4 4.5 5 5.5 6

180 2.5 2.5 2.5 3 3 3.5 3.5 4 4.5 5 5.5

Maximum Distance Between Hangers (ft-in) As per NFPA
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ASHRAE Standard 90.1 Minimum Pipe Insulation Thickness Recommendations

Climate zone 
Duct location 

Exteriorb Unconditioned Space and 
Buried Ducts

Indirectly conditioned 
Spacec,d

Supply and Return Ducts for Heating and cooling

0 to 4 R-1.41 R-1.06 R-0.34

5 to 8 R-2.12 R-1.06 R-0.34

Supply and Return ducts for heating only

0 to 1 None None None

2 to 4 R-1.06 R-1.06 R-0.34

5 to 8 R-2.12 R-1.06 R-034

Supply and Return Ducts for cooling only

0 to 6 R-1.41 R-1.06 R-0.34

7 to 8 R-0.34 R-0.34 R-0.34

Minimum Duct Insulation R-Value

Minimum Piping Insulation thickness Heating and Hot- Water Systems
(Steam,Steam Condensate,Hot-Water Heating and Domestic Water Systems)

Fluid Operating 
Temperature Range 

(oc) and usage 

Insulation Conductivity >=Nominal Pipe or Toube size,mm

Condctivity,W
(m.oc)

Mean Rating 
Temperature,oc

<25 25 to <40 40 to <100 100 to <200 >=200

Insulation Thickness,mm

>177 0.046 to 0.049 121 115 125 125 125 125

122 to 177 0.042 to 0.046 93 80 100 115 115 115

94 to 121 0.039 to 0.043 66 65 65 80 80 80

61 to 93 0.036 to 0.042 52 40 40 50 50 50

41 to 60 0.032 to 0.040 38 25 25 40 40 40
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Fluid Operating 
Temperature Range 

(oc) and usage 

Insulation Conductivity Nominal Pipe or Toube size,mm

Condctivity,W
(m.oc)

Mean Rating 
Temperature,oc

<25 25 to <40 40 to <100 100 to <200 >=200

Insulation Thickness,mm

4 to 16 0.030 to 0.039 24 13 13 25 25 25

<4 0.029 to 0.037 10 13 25 25 25 40

Minimum Piping Insulation thickness Cooling Systems
(Chilled Water, Brine, and Refrigerant)

Decoupled: Constant Primary Flow (CPF)

Low-Delta-Syndrome
All chilled-water systems with two-way valves experience low-delta-T syndrome. Low-delta-T syndrome is a reduction in 
chilled-water temperature range independent of load change. It is a system problem causing the energy consumption of 
variable speed-driven pumps and chiller plants to be increased.
Selecting Pipe routing Configuration Many choices are available to overcome Low-Delta-T Syndrome, reduce cost and energy con-
sumption including decoupled versus variable-primary flow, parallel versus series chillers, and how to size and site bypass lines.

Variable-Primary Flow (VPF)

Variable-Primary, Variable-Secondary Flow (VPVS)

Energy Impacts of Chilled-Wa ter-Piping Configuration
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CPF P/S VPF

Pump energy (Base Case) 50 to 60 percent less 60 to 75 percent less

Delta-T mitigation Does not apply Higher energy less energy

Valve type Three-way Two-way Two-way

Installed cost (Base Case) 10 percent higher 5 percent higher

Control complexity Simple Simple can be complex

Plant space (Base Case) Larger same as base case

  Hockups
The AHUs and FCUs can be controlled by applying 2-way or 3-way valves.For small pipes(2” or less) threaded valved 
should be used.
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AIR
CAPSULE

About This Book
Answers you need, when you ask for them,When you need to 
check specs, confirm measurements, or make a quick metric 
conversion on the job, find the answers quickly and easily right in 
your pocket. This HVAC Pocket Reference was assembled to aid 
the beginning and experienced engineer in the design of 
HVAC systems. In addition, you may find this manual useful 
as a quick design reference guide and a teaching tool. It 

provides access to frequently needed information 
about Cooling Loads, Infiltration, Ventilation, Duct 

Sizing, Pressure drop Estimating, Piping 
System Sizing and Configuration.


