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A-9 Multiple zone VAV air handling unit with return fan and OA measurement station.

ASHRAE 36:



ASHRAE 36-2021 Additions:

Need to add ERU, Pumped preheat coil (freeze protection), and humidifier.  



ASHRAE 36-2021 Additions:

If an ERU is not required, an exhaust fan is required (if applicable). 



Why this multizone VAV?:

VAV with reheat systems are the most economical and efficient systems for most buildings.
- Steven Taylor https://tayloreng.egnyte.com/dl/5XWanNURh0/ASHRAE_Journal_-_VAVR_vs_ACBDOAS.pdf_

IECC Requires Economizer in most situations.

No fans, filters, or motors above occupied zones:

Easier maintenance, less noise. 

ASHRAE 15 – no refrigerant piping routed through occupied spaces

Revit projects tend to skew larger. Many smaller projects that are better suited to VRF/unitary are still done in CAD. 



AHU/RTU Model and Component Selection:

Cooling Source Selection
Project Load : Cooling Source

0-100 Tons : DX
100-500 Tons : Chilled Water (Air Cooled)
> 500 Tons : Chilled Water (Water Cooled)

Heating Source Selection
Project Load : Heating Source

0-1500 MBH : Gas (if available) or Electric 
> 1500 MBH : Hot Water (If gas is 

available)

Humidifier Selection
If climate zone >3A 
or specialty zone, 

provide a humidifier

Rules of thumb are adjustable and will eventually be 
replaced with a building-specific energy model.

Humidified?

Packaged Unit 
(Cataloged/Pre-Engineered)

Semi-Custom 
Unit

Cooling 
Source

Yes

Chilled Water

Heating 
Source

DX

No

Gas/Electric Hot Water



Diversity Vs. Safety Factor:

Safety Factor in HVAC design is problematic for 2 reasons:

1) There are multiple places to take a safety factor and it increases exponentially through the design. 

a. Example: The intern takes a safety factor on the window U-values, the project engineer takes those loads and 

adds a safety factor, the principal adds a safety factor to the airflow when talking to the rep, then the engineer in 

charge of the hydronic system takes a safety factor when sizing a the chillers and now the chillers are 3x the size 

they need to be

2) In most engineering disciplines, oversized is good or at least doesn’t hurt.  That is not true in HVAC. Oversized 

equipment uses excessive energy and has poor performance.

a. Example:  An oversized DX unit will run for a few minutes every hour and then dump humid OA into the space for 

the rest of the hour. 

Safety Factor Example:

10 rooms, 800 CFM/room, 8000 CFM AHU (No diversity)

10 rooms, 1000 CFM/room (25% factor of safety), 8000 CFM AHU (20% diversity). 

Same AHU size, one is hard to balance, and one is not. 

The Ripple Easy Button takes No Safety Factor and No Diversity. 



ERUs:

Exceptions: Where the largest source of air exhausted at a single location at the building exterior is less than 75 

percent of the design outdoor air flow rate. 



Mixed Air Calculations:

Flow1*Temp1 + Flow2*Temp2 Flow3*Temp3≠
Air does not mix proportional to flow and temperature!

Only enthalpy, humidity ratio, and mass flow rate mix proportionally

You must calculate the mixed enthalpy and humidity ratio, then calculate the resultant 
dry bulb and wet bulb temperature.  

Source: ASHRAE Fundamentals Chapter 1. 



Pumped Preheat Coil Selection Example:

27 GPM
WT = 90 °F

1) Q = 1.08 * 10,000 CFM * (55 °F – 10 °F) = 486,000 Btu/hr
2) 117” x 102” AHU, 64 1/2” ID tubes fed, 117.5 GPM required to maintain 3 fps.
3) Desired return water temperature, TR = 100 °F – 10 °F = 90 °F.
4) Required Inlet Temperature, Ts = 90 °F + (486,000 Btu/hr / (500 * 117.5 GPM)) = 98 °F
5) GPMHWSMain = (117.5 GPM * (98 °F – 90 °F )) / ( 125 °F – 90 °F)  = 27 GPM

100 °F

110 °F

10 °F55 °F

10,000 CFM

117.5 GPM 
LWT = 90 °F

125 °F

90.5 GPM
WT = 90 °F

117.5 GPM
WT = 98 °F

27 GPM
WT = 125 °F



Pumped Preheat Coil (VA Hospital Detail):



Humidification Decision Flow Chart:
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ERUs:

Max Air Reintrainment, Class 3 can be reclassified to Class 1 if less than 5%

Less than 5% is easy to do, just leave it at that and you’ll never have problems. 

Filtration:

AirXchange recommendations.



Filtration:

62.1:



Preheat Coils:

AHU hot water preheat coil selection can be tricky. Typically, the main goal of a coil is heat transfer, but the main goal of a 

preheat coil is not to freeze.  

Given the low entering air temperatures compared to the high entering water temperatures, the coil may need very little 

flow to maintain discharge air temperature.  This low flow causes poor mixing in the tubes, which can lead to localized 

freezing which will then stop all flow and cause the freeze stat to trip and cause an unscheduled outage. 

The solution is typically achieved by either adding glycol to the heating water system or by pumping the coil (and 

sometimes both).

Adding glycol to the system reduces the specific heat of the heat transfer fluid and therefore requires larger coils, more 

pumping power, larger piping, and results in a more costly and complicated system to maintain. 

Pumping a coil reduces the delta-T across the preheat coil and ensures the water in the tubes is well-mixed.  The Veteran’s 

Affair’s hospital design guide (which is a great reference for all HVAC design) recommends at least 3 fps of water velocity in 

the tube. 

Typically discharge air temperature is controlled by modulating the flow of water, but if you must keep the flow of water 

constant to maintain space temperature, the next best option is to modulate the inlet water temperature by mixing in some 

return water. 



Pumped Preheat Coil Selection Procedure:

1) Calculated the airside load required. 

Q = 1.08 * CFM * (To – Ti)

2) Given the coil height, determine the water flow (GPMCoil) required for 3 fps.  ½” tubes are typically spaced 1.25” on-center, 5/8” tubes are 

typically spaced 1.5” on-center. Your favorite coil manufacturer cut sheets can help. 

3) Set your return water temperature, TR.  AHU preheat coils have many different options for rows and fpi, where terminal units don’t.  This 

allows the preheat coils to produce lower return water temperatures and help “blend down” the return water temperatures from the

terminal units.  Typically pick this as 10 °F – 25 °F lower than the desired return water temperature to the heating system so that it can help 

condensing boiler efficiency and dedicated heat recovery chiller/heat pump lift. 

4) Calculate the entering water temperature, Ts, required to meet the airside load. 

TS = TR + (Q  / 500 * GPMCoil)

5) Calculate the Bypass flow and HWS main flow necessary to achieve the entering water temperature, TS.  You have two equations:

GPMCoil = GPMHWSMain + GPMBypass

GPMCoil * TS = GPMHWSMain * THWSMain +  GPMBypass* TR

6) Select the lowest coil rows and fpi that will achieve the dedicated capacity.  

7) Select coil pump for the pressure drop of the bypass system, select the system pumps to overcome the service valves, balance valve, and 

control valve.



VA Pumped Preheat Coil Mark Up:

A manual bypass isn’t super helpful.  
If the pump fails, a little water will 
push through the pumps from the 
primary pumps, but the freeze stat 
will probably trip and the AHU is 
going to shut down until manually 
restarted.  If the AHU is mission 
critical that is catastrophic, put in 
parallel pumps instead. 

Even if maintenance can get this 
valve open, it’s also unclear if the 
primary pumps have the capacity to 
push through the coil.  

Strainers all throughout a building 
are unlikely to get cleaned and a 
clogged stainer here is going to 
cause a freeze state trip.  Strain at 
the system level near the pump to 
keep the system clean.  

Fail open valve and remove bypass. 

Remove unions. Coils don’t need to be 
replaced often, when they do, the 
specialties and piping should be 
replaced as well.  Also, it’s unlikely that 
the coil will be able to be pulled if 
disconnected here.  There will be a lot 
of piping in the way. 

If parallel pumping is not used, no 
need for valves here.  Shut off and 
drain the coil for pump maintenance. 

Alternatively, keep unions here and add unions at 
service valves so that entire piping specialty rack can 
be removed and reinstalled on new coil. 

Pump pressure gauges seem to not be accurate 
when you need them, better to just put ports to 
attach a hydro data meter. 

Why add cost and pressure drop to the system?  
If this pump overflows, you’ll just get a little 
more velocity at the coil. You can read pressure 
drop across the coil to get a loose read on flow. 

The VA recommends piping this in 
parallel flow to make the hottest water 
touch the coldest air. This is a very 
conservative approach. Many times
this is going to be a 1 row coil anyway.  



Pumped Preheat Coil (Simplified):

Control Valve modulates to maintain discharge air temperature 
setpoint (55 °F).  If the discharge air temperature falls below the 
setpoint this valve modulates open to recirculate less water, allow 
more HWS header water to enter the system and increase the coil 
entering water temperature.    If the discharge air temperature 
goes above the setpoint, this valve modulates closed to recirculate 
more water, dropping the inlet temperature. 

Adding unions at the coil inlet and shutoff valve may be worthwhile 
on copper and welded systems. Not necessary on flanged and Vic 
fittings. 



IECC Climate Zones For Reference:



Humidity:

https://www.ashrae.org/file%20library/technical%20resources/covid-19/i-
p_s16_ch22humidifiers.pdf



Humidity:

https://www.ashrae.org/file%20library/technical%20resources/covid-19/i-
p_s16_ch22humidifiers.pdf



Humidity:

Stephanie Taylor, M.D., M. arch. “Quantifying the Impact of IAQ on Occupant 
Health” 2023 ASHRAE Annual Conference. 



Humidity:

Stephanie Taylor, M.D., M. arch. “Quantifying the Impact of IAQ on Occupant 
Health” 2023 ASHRAE Annual Conference. 



IECC Fan Power Limitations:



A-10 Multiple zone VAV air handling unit with relief fan and OA measurement station.

Relief Fan:

Supply fan must be 
sized to include the 
static pressure losses 
from all the return 
system.  



A-9 Multiple zone VAV air handling unit with return fan and OA measurement station.

Return Fan:

Supply fan can ignore 
the return system.


