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About Daikin: 

Daikin Industries, Ltd. (DIL) is a global Fortune 1000 
company, which celebrated its 95th anniversary in May 
2019. The company is recognized as one of the largest 
HVAC (Heating, Ventilation, Air Conditioning) manufacturers 
in the world. DIL is primarily engaged in developing indoor 
comfort products, and refrigeration systems for residential, 
commercial, and industrial applications. Its consistent 
success is derived, in part, from a focus on innovative, 
energy-efficient, and premium quality indoor climate and 
comfort management solutions.
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Ductwork Design

Load Analysis Worksheet

Zone Room Peak Cooling Load (Indoor temp =75°F) Peak Heating (Indoor temp =72°F)

Office 1 7,500 9,150

Office 2 7,500 9,150

Reception 8,000 9,760

Print room 6,500 7,940

Totals 29,500 36,000

Duct Sizing Example

The example used is an office building. A Daikin VRV 
IV heat pump system and various Daikin indoor fan coil 
units were used to provide heating and cooling to the 
building. A Daikin zoning kit is used to serve several 
small zones, allowing for less units, yet still providing 
individual temperature control to each zone. The figure 
(right) shows the building layout and where the DZK 
zoning kit is used. 

As well as selecting an indoor unit, you must also 
select a zoning kit that is compatible with the unit and 
is based on the amount of outlets required. In this 
example, we selected a DZK048E4 zoning kit which 
has 4 duct outlets (one for each room).

Product 
Reference

Compatible 
Ducted Unit

No. of Air 
Duct 

Outlets

Number of 
Zones

DZK030E4 FXMQ15PB 
FXMQ18PB 
FXMQ24PB

4 x Ǿ8" 2 to 4

DZK030E5 5 x Ǿ6" 2 to 5

DZK048E4 FXMQ30PB 
FXMQ36PB 
FXMQ48PB 
FXMQ54PB 

4 x Ǿ8" 2 to 4

DZK048E6 6 x Ǿ6" 2 to 6
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The Load Analysis worksheet is the summary of 
calculations for the example used here. It shows the 
cooling and heating load for each zone (a, b, c and d). 
Each zone must have the heating and cooling load 
calculated separately. Once each room has been 
calculated, add them together to get a load total, and 
select the indoor unit that will meet the load total. 
Indoor unit should be selected to meet the total load at 
the actual outdoor and indoor design conditions using 
Daikin Xpress software. The figure below shows an 
indoor fan coil unit performance which is selected to 
meet the load of the total area served.

A
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Ductwork Design

Duct Sizing Example (Cont'd.)

Once the indoor unit has been selected and the load for each room is known, the cfm for each room can be 
calculated. The example below is the zone A cooling CFM calculation.	

Cooling Room CFM = 	 Indoor Unit CFM × Room Load  
			   Total load for the entire space 	served 
			   by Indoor unit

 	  =		 1130 ×7,500 = 287 CFM 
			   29,500

The worksheet below is the summary of calculations for the example used here. The worksheet shows a 
cooling CFM and a heating CFM. The supply and return ducts are sized using the larger of the two values 
(design CFM). 

CFM per Room Calculation Worksheet
Zone Room Peak Cooling Load Cooling Room CFM Peak Heating Load Heating Room CFM Design CFM

A Office 1 7,500 287 9,150 287 287

B Office 2 7,500 287 9,150 287 287

C Reception 8,000 306 9,760 306 306

D Print room 6,500 250 7,940 250 250

Totals 29,500 1,130 36,000 1,130 1,130

The duct system geometry for zones a, b, c, and d, are 
shown below. The blue represents the supply duct run, 
and the red represents the return duct run. Each section 

SD

SB

RCD
SC

SA

RA
RB

Zone Room Supply Duct Return Duct
Supply Run 
ID Number 

CFM
Return Run 
ID Number 

CFM

A Office 1 SA 287

RT

RA 287

B Office 2 SB 287 RB 287

C Reception SC 306
RCD 556

D Print Room SD 250

Totals 1,130 1,130

of duct work is given an identification number (see table 
below). Each zone has its own return duct, except for c 
and d which have been combined.
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Ductwork Design

Duct Sizing Example (Cont'd.)
Next, calculate the effective length for the critical 
circulation path. The effective length is the sum of the 
supply and return duct length plus all the equivalent 
lengths of the various fittings. When there are multiple 
candidates then each one must be calculated. In this 
example zones b, and d are potential candidates, so 
they must be calculated to determine which one is the 
longest. The effective length worksheet below provides 

Effective Length Worksheet
Zone B Zone D

Element ID Supply  
duct SB

Supply 
duct SD

Runout Length ➀ 25 25

Elbow(s) ➁ 25 50

Element ID Return  
duct RB

Return 
duct RCD

Trunk Length ➂ 15 10

Branch Runout Length ➃ 2 6

Branch Return Air fittings ➄ 30 30

Return Air fitting at the IDU ➅ 40 40

Transitions ➆ 30 30

Junction Box ➇ 30 30

Total Equivalent Length 
(TEL)

197 221

Friction Rate Worksheet

External Static pressure (ESP) 0.45” WC, CFM = 1,130 

External Device 

Zone Damper 0.05”

Supply Register 0.03”

Return Grille 0.03”

Return Filter 0.15”

Total 0.23”

Available Static Pressure 
(ASP)

=0.45”-0.23” = 0.22"

Total Effective Length 221 (See effective length worksheet)

Friction Rate Design Value = 0.22" × 100 = 0.10 
221 

2

1

3

78

6

45

SB

RB

SD

RCD

2
2

1

1

3
78

4
5

the calculations for these runs. Each element is given 
an identification number and each circulation path is 
illustrated under its respective zone column. 
The equivalent length for each element is added 
together to produce a total effective length, this is 
done for each potential critical circulation path and 
the results are compared. The longest of the two will 
become the critical circulation path which is then 
used to size the duct system.

After the effective length calculation has been done, 
the design friction rate needs to be determined. To 
determine  the design friction rate value (“ WC per 100 
feet of length)  for duct sizing, we will need to know 
how much external static pressure is available from the 
indoor unit. 

1.	Zone B

1.	Zone D
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Ductwork Design

Duct Sizing Example (Cont'd.)

Duct Sizing Worksheet
Design Friction Rate = 0.10”, Construction Material = Metal 

Supply-Side Runout, Max allowable velocity = 900 fpm

Zone Room ID CFM Round Size Velocity Fpm

A Office 1 SA 287 8” 822

B Office 2 SB 287 8” 822

C Reception SC 306 8” 876

D Print Room SD 250 8” 716

Supply-Side Trunks 
(No supply trunks for a DZK system)

Return-Side Branch Runouts, Max allowable velocity = 600 fpm

A Office 1 RA 287 10” 526

B Office 2 RB 287 10” 526

C Reception
RCD 556 14" 520

D Print Room

Return-Side Trunks, Max allowable velocity = 1000 fpm
RT 1130 14” 1057

Determine the external static pressure of the fan by 
using the engineering data book. The FXMQ36PBVJU 
indoor unit fan data indicates the fan can deliver 1,130 
Cfm when operating against external resistance as high 
as 0.8“ WC, this is the maximum external static pressure 
the fan can handle. Once we add all the external devices 
(0.23” WC) and deduct it from the maximum external 
pressure it gives you the net pressure available for the 
duct system. In this case, the available static pressure 
is much greater than needed, thus we can set the 
maximum external pressure of the indoor unit to 0.45” 
(using the manual external static-airflow adjustment 
function), which then gives us an available static 
pressure of 0.22” WC. Finally, apply the formula shown 
in step 5 of the duct sizing procedure to calculate the 
friction rate design value, based on 0.22“ WC of pressure 
and 221 feet of effective length. These calculations are 
summarized by the Friction rate worksheet. 

On a side note, when selecting which zone damper 
to connect the longest duct run, it is not a good idea 
to connect it to the two outside dampers due to them 
having a higher pressure drop than the inside zone 
dampers, resulting in less available static pressure. To 
determine the pressure drop for the zone damper refer 
to the pressure drop charts provided on pages 15 and 
16. After looking at the table below it is evident that 
in our example, dampers 1 and 4 have a significantly 
higher pressure loss than that of 2, and 3, thus we didn’t 
connect the two potential critical runs to damper 1 
and 4.

SA SB SC SD
CFM 287 287 306 250

Damper Number 1 3 4 2

Pressure Drop 0.035" 0.018" 0.04" 0.016"

Finally, the friction rate value is applied to the duct sizing 
chart (Pg. 19) to size the duct sections, based on the 
volume of air that will pass through them. The following 
summarizes the duct size calculations for this example. 
The worksheet uses the friction rate values from the 
friction rate worksheet (Pg. 23) and design CFM values 
(Pg. 22) to determine duct size. All of the values in the 
round size column were read from the metal duct scale 
on the duct calculator. The supply side branch ducts are 
based on a maximum velocity limit of 900 fpm.

The return side trunk and branch ducts are based  
on a maximum velocity limit of 600 fpm and 1000 fpm.  
Return branch ducts were sized for lower velocity to  
reduce noise generation. 

Once all the steps have been completed and the duct 
sizes have been determined, a duct layout plan can be 
put together. The duct layout plan will show the location 
of the indoor unit and the DZK zoning kit as well as all 
the ducts, registers and grills. To know what size the 
duct is, refer to the color legend located to the right of 
the duct plan.
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Applying Fresh Air

Multi-Space Ventilation Rate Requirement

Step by step calculation of Multi-Space  
recirculation system:

1.	 Determine Zone Population, Pz

2.	 Determine Zone Floor Area, Az

3.	 Calculate Breathing Zone Outdoor Airflow,  
Vbz = Rp Pz + Ra Az (Use Table 6.2.2.1)

4.	 Determine Zone Air Distribution Effectiveness, 
Ez (Use Table 6.2.2.2)

5.	 Calculate Zone Outdoor Airflow, Voz = Vbz / Ez

Table 6.2.2.1. Minimum Ventilation Rates in Breathing Zone 

Occupancy Category
People Outdoor Air Rate, 

Rp cfm/person
Area Outdoor Air Rate,  

Ra cfm/ft2
Occupant Density #/1000 ft2

Classroom (ages 5-8) 10 0.12 25

Classroom (age 9 plus) 10 0.12 35

Lecture Hall (fixed seats) 7.5 0.06 150

Office Space 5 0.06 5

Conference/Meeting rooms 5 0.06 50

Breakrooms 5 0.12 50

Reception areas 5 0.06 30

Retail Sales 7.5 0.12 15

Supermarket 7.5 0.06 8

Hotel Bedrooms 5 0.06 10

Music/Theater/dance 10 0.3 35

Table 6.2.2.2 Zone Air Distribution Effectiveness

Air Distribution Configuration Ez

Ceiling supply of warm air 15ºF or more above space temperature and ceiling return 0.8

Ceiling supply of warm air and floor return 1.0

Floor supply of warm air and floor return 1.0

Floor supply of warm air and ceiling return 0.7

Floor supply of cool air and ceiling return, provided low-velocity displacement 
ventilation achieves unidirectional flow and thermal stratification

1.2

Ceiling supply of cool air 1.0

6.	 Calculate Primary Outdoor Air Fraction, 
Zp = Voz / Vpz

7.	 Determine System Ventilation Efficiency, Ev 
(Use Table 6.2.5.2 or Appendix A)

8.	 Calculate Occupant Diversity, D= Ps / ∑all zones Pz

9.	 Calculate Uncorrected Outdoor Air Intake; Vou = D 
∑all zones Rp Pz + ∑ all zones Ra Az

10.	Calculate Outdoor Air Intake Flow, Vot = Vou / Ev

Table 6.2.5.2 System Ventilation Efficiency
Max Zone Primary Outdoor  

Air Fraction (Zp)
System Ventilation  

Efficiency (Ev)

≤0.15 1

≤0.25 0.9

≤0.35 0.8

≤0.45 0.7

≤0.55 0.6

>0.55 Use Appendix A
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Applying Fresh Air

When integrating fresh air into a VRV system the basic rules are:

Application Considerations
»		 Verify the OA conditions with the higher system 

level OA requirement and, if necessary, pretreat 
the OA to meet the desired temperature and 
humidity range.

»		 OA has to be pre-filtered.

»		 The minimum zone supply airflow must exceed 
the required minimum zone ventilation airflow 
(which is determined using the ASHRAE 62.1 
Multi-Space Procedure, as shown on previous 
page). This can be achieved by setting the individual 
dampers to the minimum damper position so the 
damper never closes completely.

»		 Consider setting the indoor unit fan speed to 
maintain high or low speed during thermo off via 
a field setting service code. This will prevent the 
indoor unit fan from automatically switching to 
a reduced fan speed setting during a thermo off 
condition, which could cause the system fresh air 
to be below the code-required amount.

Applications Rules

Heating: 	 Any percentage of OA can be used as long 	
	 as the resulting mixed air is between 59º and 	
	 80ºF DB and 80% RH or lower 

Cooling: 	 Any percentage of OA (Outside Air) can be 	
	 used as long as the resulting mixed air is 	
	 between 57º and 7ºF  WB and 80% RH 
	 or lower
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Auxiliary Heating

Applying Secondary Heat Source

D
Z
K

Aux heat

Indoor Fan Coil 

The primary use of auxiliary heat is to supplement the 
system when the outside temperature falls below 
the balance point (Common practice for building with 
substantial heat load during winter) or to quickly raise 
the indoor temperature to recover from a setback.

»		 The capacity modulation of the Heat pump and aux 
heating systems is controlled by the DZK zoning box. 
Staging of auxiliary heat is through dry contact relays.  
The output stage (up to 2 stage), are energized 
sequentially, by number as heating demand dictates.

	»	 The two relay contacts should be connected 
directly to a heater control circuit provided that the 
circuit is 24 V and the current through the relay 
contacts does not exceed 1 Amps inductive (see 
below wiring detail). 

Primary or Secondary?
NOTE: In a scenario where a building receives a much  
lower price in utilities using an alternative heat source, 
auxiliary heat can be set up to be the primary heat.

To do this, go into the configuration menu to ‘Aux heat’  
and select Aux heat under ‘first supply heat’.

NOTE: Only an auxiliary light source that does not need 
any ran assistance from the VRV indoor unit can be 
utilized as the 1st stage of heat.

Integration of Duct Heater
»		 The field provided duct heater should be installed 

downstream of the indoor fan coil unit.

»		 The fan in the indoor unit should be set to active, 
sending hot air to the space during auxiliary 
heat operation.

»		 To do this, go into the configuration menu- Aux heat 
and select Electric (Fan on) under fan configuration.

»		 A time delay can be set to delay the operation of 
the fan until heating elements have warmed up to 
prevent discharge of cold air while the system is 
operating in the “heating” mode.

	»	 Time delay is configurable between 0, 45, 60  
and 120 sec, default to 60 seconds.

	»	Be sure to follow manufacturer install 
recommendations.

*	 Selecting Electric or Furnace in heating device (in control menu)  
defines whether or not the indoor unit fan must be active during  
auxiliary heat operation.

Auxiliary Heating Types

Electric* 
(Fan ON)

Electric Duct Heater

Ducted Furnace

Ducted Hot Water Coil

Furnace*  
(Fan OFF)

Baseboard Heater

Radiant Floor Heating

Aux Heater Primary Heat Secondary Heat

No VRV System None

Yes
VRV System Aux Heater

Aux Heater VRV System

DZK Zoning Control Box 

STAGE 1
STAGE 2
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Auxiliary Heating

Optimum Installation of Heater

When transitions are necessary on the inlet or  
outlet of a heater, the flow must be controlled  
within the following limits illustrated

NOTE: 
1.	 L1 = Cross sectional duct Area / 2 

L2 = Follow Duct heater manufacturer recommendation  
2.	 Refer to heater manufacturer's instructions, and all applicable national, 

state, and local codes.
3.	 Angles Y are 20°maximum

NOTE: 

1.	 The illustrated angles of expansion 
and contraction are the maximum 
recommended.

Y

YFLEXIBLE CONNECTION

W

H

ELECTRIC HEATER

L1

AIRFLOW

AIRFLOW

ELECTRIC HEATER

ELECTRIC HEATER

20°

20°

AIR
FLOW

DZK

L2

30°

30°

20° 30°

DUCT TRANSITIONS – PLAN VIEW	

W

W

Reprint from SMACNA Ducted Electric Heat Guide. For Air Handling Systems, Edition 2
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Auxiliary Heating

»		 The air ducts should be installed in accordance with 
Standard NFPA90B, Standard for Warm Air Heating 
and Air Conditioning Systems

»		 The Heater should be wired in compliance with 
NEC/CSA and any existing local codes. 

»		 Aux heater has to have an air proven switch — 
indoor unit fan could stop in defrosting.

»		 The kW selected must avoid exceeding the 
maximum UL listed coil temperature. The table 
below shows the max allowable kW for a different 
unit size.

Max Allowable KW by Unit Size*

Inlet 
Air Temp (°F)

FDMQ 
09RVJU

FDMQ 
12RVJU

FDMQ 
15RVJU

FXSQ 
15TAVJU FXMQ15P FDMQ 

18RVJU
FXSQ 

18TAVJU
FXMQ18P, 

FBQ18PVJU
FDMQ 

24RVJU
FXSQ 

24TAVJU

343 392 516 530 560 675 600 635 798 742

85 3 3 6 6 6 6 6 6 8 8

75 5 6 6 8 8 8 8 8 10 10

65 6 6 8 8 10 10 10 10 10 10

Inlet 
Air Temp (°F)

FXMQ24P, 
FBQ24PVJU

FXSQ 
30TAVJU FBQ30PVJU FXMQ30P FXSQ 

36TAVJU
FXMQ36P, 

FBQ36PVJU
FXSQ 

48TAVJU
FXMQ48P, 

FBQ42PVJU FXMQ54P

688 812 882 1094 1130 1130 1307 1377 1624

85 8 8 10 10 10 10 10 15 15

75 10 10 10 15 15 15 15 20 20

65 10 10 15 15 20 20 20 20 25

*Based on H fan speed and max discharge air temp of 129°F

Note: Discharge Air Temp = KW * 3160 / cfm + Inlet Air Temp 

Application Consideration
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Standards and Documentation

Applying ASHRAE Standards

Product Documentation

There is a full complement of support documentation for the DZK system. This documentation can be  
downloaded from DaikinCity.com.

ASHRAE STD 15/ASHRAE STD 34
These ASHRAE standards define the classification of 
refrigerants and their use in refrigerating systems in  
buildings. A key aspect of ASHRAE STD 15 is reviewing  
a project application relative to refrigerant density.

One of the critical measurements is calculating the size 
of the smallest room. The advantage of serving several 
enclosed areas from one ducted unit is that the total 

space served can be calculated as one area. This can 
help greatly toward demonstrating conformity to 
these standards.

As long as the minimum airflow setting to each zone is  
above 10% of design airflow, the volume of the rooms  
supplied by the VRV / DZK system can be included in 
the dilution volume calculation. In other words, the 
damper serving a space needs to be set so it cannot be 
shut below 10% of its maximum with the fan running.





ADDITIONAL INFORMATION 

Before purchasing this appliance, read important information about its estimated annual energy  
consumption, yearly operating cost, or energy efficiency rating that is available from your retailer.
 
Visit www.daikinac.com to learn more. 
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Daikin is one of the largest 
manufacturers of HVAC products 
in North America delivering 
sustainable “air intelligent” 
technology solutions for  
residential, commercial,  
and industrial applications.
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