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President’s Message    

 

Our Chapter’s Annual Recertification 

Meeting is right around the corner.  Regis-

tration has opened for the meeting which 

will be held on Monday, September 11, 2017 

from 7:30 a.m. to 5:00 p.m. at the Marriott 

Springhill Suites in Napa.  Attached is the 

registration form or you can access it on 

our website at www.nocalhawaiinebb.org. 

We have a great line up of speakers this year.  Our Featured Speaker is  

Dan Int-Hout who is chief engineer at Krueger in Richardson, Texas.  

He is responsible for the presentation of technical data and advanced 

application engineering for the Grilles, Registers and Diffusers, as well 

as the VAV air terminals, produced by Krueger.   

Dan has been in the Air Distribution research and design business 

since 1973, has a Masters in Business Management from Central Mich-

igan University and a Bachelor in Biology & Physics from Denison 

University.  

He is a member of SSPC 55-2013, SPC 129 and consultant to SSPC 62.1-

2013.  His article Basics of Well Mixed Room Distribution is our fea-

tured technical article found on page 8.   

Also on our speaker line-up is Amber Ryman, NEBB Board of Direc-

tor, Northern California/Hawaii NEBB Chapter President-Elect and 

Certified Professional with ACCO will be presenting the status of 

NEBB and Title 24 updates. 

As in the past, we continue to welcome vendors at our Chapter Annu-

al Meeting.  This year we have wider display of vendors for you to visit 

and check out what is new.   

 

Steve Smith, President 

 



Please welcome our Vendors:  Ameritech, Building Start, Bryza Wind Lab, Dwyer Instruments, EMSL Ana-

lytical, Evergreen Telemetry, TSI and Instrument Direct. 

 

Steven G Smith 
NorCal Hawaii NEBB Chapter President.   
 
 
 
 
 
 













 Basics of Well-Mixed Room Air Distribution 

By Dan Int-Hout, Fellow ASHRAE 
 Dan Int-Hout is a chief engineer at Krueger in Richardson, Texas. He is a member of SSPC 55-2013, SPC 129 and consultant to SSPC 62.1-2013.  

 

This article is the first of three I have written for the Fundamentals at Work series. This one will cover air 
distribution for well-mixed systems, the most common application in commercial and institutional build-
ings in the U.S. It will be followed by articles on air terminals and acoustics. All three topics are interde-
pendent, meaning that there must be an understanding of the relationship between air distribution, air 
delivery rates, and acoustics to properly design an HVAC system that will provide an acceptable indoor 
thermal environment for occupants.  

 

Air-Distribution Design Goals 

To begin, there are four basic performance mandates for an HVAC system: acceptable indoor air tempera-

ture, air movement, humidity, and quality. The parameters for these are defined mostly in two design 

standards, which are commonly referenced and/or integrated into local building codes. These standards are 

ASHRAE Standard 62.1, Ventilation for Acceptable Indoor Air Quality, and ASHRAE Standard 55, Thermal 

Environmental Conditions for Human Occupancy. Some non-ASHRAE international standards covering 

these parameters also exist, but they often have similar requirements. ASHRAE/IES Standard 90.1, Energy 

Standard for Buildings Except Low-Rise Residential Buildings, defines limits on energy consumption for 

creating these indoor conditions.  

 

The three common room air-diffusion patterns 

are: fully mixed; partially mixed; and fully strati-

fied (Figure 1).  

 

Rules for Fully Mixed Systems 

The first basic “rule” is that space temperatures in 

well-mixed spaces should be uniform, within a 

couple degrees, at all points within a defined oc-

cupied zone. The occupied zone is a definable 

space normally occupied by people, and is de-

fined by Standard 55-2013 in Figure 2.  

 

Temperatures also should remain the same throughout the day, and the room must be relatively free from 

objectionable air currents or drafts that are generated by improperly selected or installed air supply devices. 

Figure 2 depicts the “comfort zone” as defined in Standard 55-2013.  

 

The second requirement is that the space’s relative humidity be controlled. Standard 62.1-2013 limits the  

relative humidity to 65% maximum. This means that when in cooling and dehumidification mode with an 

all-air HVAC system, the supply air must have a dew-point temperature low enough to keep the indoor air-

borne moisture controlled. Typically, the dew point of the supplied air is no greater than 55°F (13°C) for 

conventional all-air systems.  



Finally, a minimum quantity of “ventilation” air needs 

to be introduced into the space. This typically refers to 

outdoor air, but it may contain some cleaned, recycled 

air if the requirements of ASHRAE Standard 62.1 are 

met. The required volumetric flow rate, in cfm or L/s, is 

based on several factors in the standard, which is typi-

cally around 0.15 cfm/ft2 (1.3 L/s·m2) in office spaces.  

 

There are two basic behaviors of air as it is introduced 

into a space. The first is that cold air (being denser) 

tends to fall and hot air (being lighter) tends to rise. 

This is known as buoyancy. The second is that air wants 

to move from high pressure to low pressure. A jet of 

moving-typically air has lower pressure than the air surrounding it. In addition, air is viscous, and the high 

velocity supply air, introduced via supply air outlets, will transfer momentum to the much lower velocity air 

already in the room, thus inducing room air movement and enhancing mixing and tempering of the supply 

air into the room’s air. These factors are what drive the science of room air distribution.  

 

The goal of conventional fully mixed air distribution is to create a “well-mixed” environment. In most offic-

es today, air is supplied from overhead air outlets, typically via diffusers because they are intended to diffuse 

the supply air into the space, but supply grilles are also used. The entering air temperature from such devic-

es is often designed to be around 55°F (13°C) with conventional systems, which is colder than the desired 

room air temperature. To understand how the air will behave and prevent the air from falling into the 

space, design engineers must not only draw upon the above behaviors of room air diffusion, but also under-

stand the related effects and terminology when developing their designs.  

 

A jet of air flowing next to a solid surface will create a slightly lower pressure region when compared to that  

in the room. Called the Coanda effect, also referred to as the surface or Bernoulli effect, this is what causes a 

negatively buoyant jet of cool air to stay along the surface of the ceiling. As this attached jet of air moves 

along a ceiling, two things happen.  

 

First, the temperature difference between the room and the supply air is reduced as surrounding higher 

pressure room air mixes into the jet. This increases the volumetric flow rate of the moving airstream, which, 

in turn, increases its mass. As no additional kinetic energy is introduced, the air velocity will slow as mo-

mentum is conserved. This then decreases the jet’s ability to entrain more air, thereby reducing the Coanda 

effect.  

 

It is reduced the farther away the jet is from the air outlet. If the jet is cooler, and thus denser, than the 

room air, it will detach from the ceiling when the forward momentum of the supply jet is less than the 

downwards buoyancy force. If the buoyancy force is great enough, the supply jet may enter the occupied 

one with an objectionable temperature or velocity. This effect is predictable and should be considered by 

the designer.  





Throw, defined as the projection of an air device, is the distance the air travels before it slows to a specified 

air speed. Often manufacturers report throws to air speeds of 50 fpm (0.25 m/s), 100 fpm (0.5 m/s), and 150 

fpm (0.76 m/s). These throws are most often reported for isothermal air, which is simply supply air that is 

the same temperature as the room air, as isothermal throw is more easily measured and is used for air diffu-

sion performance index (ADPI) calculations, as we will see later.  

 

If a diffuser has too short a throw, such as at low airflow rates in cooling mode, it may detach from the ceil-

ing before it has entrained enough air to warm up and mix enough with the room air. The result is that the 

cold air will fall into the space. This is often  referred to as “dumping,” although the more correct term is 

“excessive drop.” But if opposing jets have too high of airflows, they may collide and enter the occupied 

zone at air speeds that may be perceived as a draft. For design engineers, it is a matter of finding the right 

balance between preventing excessive drop and maintaining the entrainment rate.  

 

Figure 3 shows the total airstream from a ceiling-mounted air outlet. The shaded areas are secondary air, or 

air that has been significantly mixed with room air. Figure 4 shows what happens when opposing jets col-

lide.  

 

It is important that the jet not enter the occu-

pied zone until sufficiently tempered and 

slowed. Standard 55-2013 requires the use of an 

elevated air speed analysis when air speeds ex-

ceed 40 fpm (0.20 m/s). The ASHRAE Hand-

book—Fundamental’s Space Air Diffusion 

chapter recommends not exceeding 50 fpm 

(0.25 m/s), and the ADPI method excludes 

points in excess of 70 fpm (0.35 m/s). Using manufacturer’s catalog data, engineers are able to select devic-

es that will have long enough throws at minimum airflows to avoid excessive drop while spacing diffusers 

far enough apart to avoid excessive collisions. While manufacturers usually report throws to 50 fpm (0.25 

m/s) in their catalogs, in selection software the desired terminal velocity is usually a selectable parameter.  

 

The distance from a diffuser to the edge of the space it is designed to serve is designated as the “character-

istic length” or “L.” Therefore, identical diffusers with 

the same flow rates are spaced 2 L apart. To avoid 

drafts in the occupied zone, a good rule of thumb is 

that diffusers should be spaced so that at the de-

signed maximum airflow, a 50 fpm throw (T50) is no 

greater than L plus the distance from 6 ft to the room 

height, as shown in Figure 4.  

 

Furthermore, while it might appear that higher dis-

charge velocities equal greater induction rates and 

longer throws, this is not always the case. Mass effect 



must be considered because at some point mass will overcome velocity and determine the throw. Different 

supply air outlets will perform in different ways. Higher discharge velocities will mean greater required sys-

tem air pressures and higher fan energy, and usually produce greater sound levels. We will talk more about 

when more sound production can actually be a good thing.  

 

In addition to aerodynamic considerations, there are two other performance issues to be considered: pres-

sure and acoustics.  

 

Pressure 

The HVAC system’s fan needs to provide enough pressure to deliver air to the outlets as well as overcome the re-

sistance created by the diffuser. In addition, the fan energy also creates room air motion, and pushes air back to the air 

handler through the air inlets and the return ducts.  

Air pressure is characterized by three values:  

 Static pressure is the force per unit area exerted by a fluid. It is 

measured at a 90 degree angle to the flow’s direction, tradi-

tionally with a static tube connected to a water-, mercury-, or 

red gauge oil-filled manometer.  

 Velocity pressure is the kinetic energy of the fluid flow. It is 

measured by subtracting the static pressure from the stagna-

tion (total) pressure, traditionally with a concentric pitot-static 

tube.  

 Total pressure is the sum of the static and velocity pressures.  

Total pressure is the measure of the energy in moving air within a duct, 

remaining fairly constant, less friction effects. Most air diffuser manu-

facturers present catalog data on static and total pressure losses over a 

range of airflows (with velocity pressure being the difference between the 

two). In a duct, velocity pressures are traditionally measured with a pitot-

static tube and manometer as depicted in Figure 5. The pitot tube’s open-

ing on the end reads total pressure (sometimes called stagnation pres-

sure), while the openings on the side measure static pressure. By con-

necting each of the connections on the pitot tube to opposite ends of a 

manometer, it will display the velocity pressure, which is easily converted 

to air velocity. Air velocity multiplied by duct area gives the airflow rate.  

 

Acoustics 

We will discuss acoustics in detail in a following article, “Basics of Applied 

Acoustics.” For the moment, however, we need to understand that in re-

porting sound produced by air outlets that manufacturers are required to 

use 10 diameters of straight supply duct attached to the air device. In the 

real world, this almost never happens. Studies (reported in “Effects of Typical Inlet Conditions on Air Outlet Perfor-



mance,” ASHRAE Journal, April 2012) show the effect that real-life inlet conditions have on acoustic performance. Using 

flex duct or hard elbows can increase the sound produced by an outlet (on the average of a noise criteria [NC] of 5) 

compared to manufacturer’s catalog data obtained per the above.  

Sound generated by a diffuser is created by mixing air. As a general rule, the louder an air device is, the better it works. 

By selecting the quietest possible diffuser, it may mean it is not mixing as well as it could. With variable volume de-

signs, which we will describe in detail in a following article, cooling airflow rates are at their highest only when the 

space is warm, but this only happens a small percent of the time. When it is warm indoors, occupants are less likely to 

complain about the sound of a well-selected diffuser at a higher flow rate, recognizing they are being cooled.  

 

Consequences of Poor Performance 

At low airflows when in cooling mode, poorly selected or designed air outlets, including improperly or non-

adjusted diffusers (see ASHRAE Journal, June 2013, “Slots are Adjustable”), may direct air downward into 

the occupied zone (Figure 6). Aside from occupants complaining of drafts, the room will tend to stratify, 

with cool air at the floor. A wall-mounted thermostat in this case does not sense the average room tempera-

ture, but rather it determines where the stratification layer will be, essentially becoming an “altitude con-

troller.” More importantly, the thermostat becomes much less sensitive to changes in load, further compro-

mising temperature control.  

In any occupied space, the local heat loads created by people and equipment create upward convection cur-

rents. These upward currents cause air to be drawn to the loads near the floor, helping to mix air in the oc-



cupied zone. With a properly selected air outlet, excellent zone tem-

perature control (Figure 7) can be achieved at very low air delivery 

rates. In a recent ASHRAE research project (1515-RP), high occupant 

satisfaction rates were recorded at airflows as low as 0.2 cfm/ft2 (1 L/s 

m2).  

One way of predicting temperature and air speed variations in a space 

when in cooling mode is to use the air diffusion performance index, or 

ADPI. Developed in the 1960s, and currently being expanded in an 

ASHRAE research project (1546-RP) at the University of Texas-Austin, 

the ratio of the isothermal throw to 50 fpm (0.25 m/s) and one-half of 

the spacing of opposed diffusers (or characteristic length) has been cor-

related to the percent of points in the occupied zone that meet thermal 

mixing requirements for draft and temperature deviation from the aver-

age in the space. This percentage is referred to as the ADPI, where 80% 

is considered a minimum acceptance value for most spaces.  

Table 4 in Chapter 57 of the 2015 ASHRAE Handbook— HVAC Applica-

tions presents predicted ADPI values for several types of air outlets over 

a range of space heat loads. Using this data, manufacturers have developed computer programs and charts 

showing the effective performance range of many types of air-distribution devices.  

The plaque-type diffusers used in the space where ASHRAE research project 1515-RP was conducted pre-

dicted high ADPI at very low airflow rates using this type of analysis, the results of which were subsequent-

ly validated by occupant surveys in an operating space. Furthermore, the research confirmed the statement 

“there is no minimum airflow for comfort” that was made in earlier versions of Standard 55-2013.  

Perimeter Zones  

So far, our discussions have focused on interior cooling from the ceiling in open office applications. Around 

the outskirts is what is termed as the perimeter zone (often defined as the area within 15 ft of an exterior 

wall or window). This is where heating commonly takes place, typically through ceiling diffusers. Remem-

bering that hot air rises, we know that if we supply heat from the ceiling, it is not without its challenges. If 

the temperature differential between the supply air and average room air (DT) is greater than 15°F (8.3°C), 

in many cases the room air will stratify. It is also probable that it will exceed Standard 55-2013’s stratifica-

tion limit of 5.4°F (3°C). Standard 62.1-2013 recognizes that the ventilation air is likely to stratify and exit the 

space (through ceiling returns) without mixing. As a result, it requires that ventilation be increased by 20% 

if the room to diffuser DT exceeds 15°F [8.3°C] or the 150 fpm (0.75 m/s) throw fails to come down the wall/

window to at least 4.5 ft (1.4 m) from the floor (Figure 8).  

Many engineers are not apparently aware of this requirement and continue to design systems with low 

flows and hot air. However, this may be the result of a prohibition in Standard 90.1-2013 that prevents re-

heating more than 30% of the design cooling airflow. In the next article, we will discuss how to overcome 

these limitations when using VAV terminals.  

When an air outlet is properly located and there is a low DT (less than 15°F (8.3°C) temperature difference 



between supply air and room air), warm air will blend with cooler air and result in a well-mixed occupied 

zone. In fact, as shown in Figure 9, studies have shown that a slot diffuser located a couple feet from the 

window with air directed both toward and away from the window can work well in both heating and cool-

ing applications.  

 

Return Air Inlets 

Return air in overhead mixed air systems goes back to the air han-

dler either through the plenum or within ducted return air systems. 

At the airflow rates present in most well-mixed spaces, the location 

of the return air inlet has a negligible effect on air movement in the 

room. At higher flows, such as a hospital operating room, locating 

return air inlets near the floor may be beneficial (and required by 

ASHRAE Standard 170-2013) as it reduces backflow and room air mixing. Low returns also eliminate the 

Standard 62.1-2013 air change effectiveness penalty (described previously in the discussion of perimeter 

zones) for delivering hot air at the ceiling (but are difficult and/or expensive to install).  

A return grille located next to a supply in the ceiling would seem 

to be a problem, but may be unavoidable in small spaces. Proper 

diffuser orientation may reduce the likely small degree of “short-

circuiting” that may occur.  

 

Summary 

While the air terminal devices used in a well-mixed air-

distribution system represent one of the lowest costs per unit area 

of any component in such a system, they have one of the greatest 

effects on building occupants’ thermal comfort. It does not matter 

how elaborate, efficient, or clever the building’s HVAC design is—if the air distribution is poor, it will not 

provide an acceptable space (as defined by ASHRAE Standard 55, for example) for occupants. It must fulfill 

their basic needs for comfort and acceptable air quality. Only by understanding how air-distribution devic-

es can affect temperature, air movement, humidity, and ventilation and being mindful of the rules, limita-

tions, and complex interactions between the performance mandate of various codes and standards are we 

able to design comfortable and safe environments that promote occupant productivity and health.  
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 Updated NEBB-Approved Instrument Requirement Lists 

Make Recertification Easier 

NEBB is pleased to announce that changes to the NEBB-Approved Instrument Requirements Lists will make 
the recertification process easier for both certificants and Chapter Technical Committees alike. Please 
note:  While the lists indicate an effective date of January 1, 2018, those firms who will be submitting 
their recertification this fall (end date March 31, 2018) must adhere to these new requirements.    

 

Most of the changes in the instrumentation reflect minor "tweaks." However, a few major modifications affect 
either a specific discipline or more than one discipline. 

 

 Significant changes to the newly posted instrument lists include: 

 Ownership of Sound Measurement (SM) instrumentation 

 All instrumentation requirements in both US and SI Units 
 

Calibration requirements clearly defined: 

 *  NIST (or equal outside of US) 

 *  3-point range verification 

 *  Twelve-month cycle 

 

Here's a specific example of an instrument change: Cleanroom Performance Testing has modified the instru-
mentation requirements for that discipline to reflect the field testing being performed in the various types of 
cleanroom environments. While the basic instrumentation requirements for airflow, pressure and particle 
counting remain the same the methodology for leak testing depicts actual conditions, whether the use of 
photometer or particle counter scan testing for compliance is required. 

 

In addition, Certelligence instrument lists (pull-down menus) have been updated to include approved instru-
ments in each of the categories. While the lists are updated periodically and are extensive, they are not all-
inclusive and may not contain all instrumentation that meet the requirements. Any instrument not on the list 
but meeting the conditions of the specific standard requirements should be added as "other" along with data 
specifications in the documentation/photo upload for review by the chapter. 

 

It's never too early to start the recertification process - don't wait until August! For more information about 
the new NEBB-Approved Instrument Requirements and their role in recertification, please contact your local 
chapter. 

http://r20.rs6.net/tn.jsp?f=001EiN6-O9iCE8Z5IX1_Y54VNKrhRTafgEgzNj8zTTi_jCQ9jpqpU7kNRKE7VSNxhOj3GpWmsOwjDVpFPbpEC74iHKhQXDSaSlGoUJIYemW9_0jKrP4ETaIqDL5roCGENFjRT_F0S2ErWfNH6uyDl_92a1HjWJUckpHUvcUvBiVrwEsPwqWRhTB7p--mAbkLvbTfBsP8l0GWB07taq9GtIZTwm_4z8WNRYJ&c=Q
http://r20.rs6.net/tn.jsp?f=001EiN6-O9iCE8Z5IX1_Y54VNKrhRTafgEgzNj8zTTi_jCQ9jpqpU7kNRKE7VSNxhOj3GpWmsOwjDVpFPbpEC74iHKhQXDSaSlGoUJIYemW9_0jKrP4ETaIqDL5roCGENFjRT_F0S2ErWfNH6uyDl_92a1HjWJUckpHUvcUvBiVrwEsPwqWRhTB7p--mAbkLvbTfBsP8l0GWB07taq9GtIZTwm_4z8WNRYJ&c=Q
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Upcoming Events 

NORTHERN CALIFORNIA/HAWAII NEBB 2017 ANNUAL CONFERENCE 

For more Training  and Educational seminars and Information, 

TAB SEMINAR 

October 9-11, 2017, Monday - Wednesday 
All Day Event 
October 12, 2017, Thursday, Exam Day 
Rosewell, GA 
 
Contact the NEBB Office to sign up or to receive more information at 
www.nocalhawaiinebb.org 

Northern California/Hawaii NEBB 

NEBB WEBINARS AND EDUCATIONAL SEMINARS 

September 11, 2017,  Monday 
7:30 a.m. - 5:00 p.m. 
Marriott Springhill Suites 
Napa, CA 

 

For Registration contact akearns@nocalhawaiinebb.org.  

NEBB FUME HOOD TESTING SEMINAR AND EXAMS 

November 13-16, 2017,  Monday - Thursday 
All Day Event 
Labconco 
Kansas City, MO 

 

Contact the NEBB Office to sign up or to receive more information at 
www.nocalhawaiinebb.org 


