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Introduction

« Education:
* University of Arizona — Chemical Engineering
* 1974 thru 1976

» University College London — BFA Degree (Sculpture)
« 1978 thru 1983

« Boston University — MFA Degree (Sculpture)
1983 thru 1985

* Industry:

* Norman S. Wright SW: Estimator/Sales
« 1985 thru 1999

« Air Specialty Products/ThermAir Systems — Outside/Engineering Sales
« 2000 thru 2008

« Varitec Solutions:
« Senior Sales Engineer/Educator (High Performance HVAC)
e 2016 thru present
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Varitec: The HVAC System Solution
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Varitec: The HVAC System Solution

SERVING THE SUOUTHWEST
FUR UOVER 45 YEARS

Arizona | New Mexico | West Texas | San Diego
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Varitec: The HVAC System Solution

NMULTIFPLE DISCIPLINES
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Varitec: The HVAC System Solution

System Solutions:

Variable Refrigerant Systems ¥ NORTEK.

Mixed Air VAV Systems

Package Central Plants for Air & Water '/D A 'K ’~

Cooled Designs
Cloud Based Controls

Humidity Control "
Underfloor Air Systems dﬂ&eem (s)
100% OSA Systems

« DOAS Technology
« Active Chilled Beams

» Passive Hydronic Cooling & Heating lvn

Systems UV RESOURCES
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Varitec: The HVAC System Solution

Shaping
The Future
Of HVAC




Varitec Technical Institute

Mission:

To provide an educational platform for continued learning in the
HVAC industry with a focus on high performance buildings and
Innovative technologies for a better built environment.
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2021 Educational Webinar Schedule

P Wednesday, February 10 at 11:00 am PST
ASHRAE Epidemic Task Force - Review and Navigating

B P Wednesday, February 24 at 11:00 am PST
Physics of Pathogen Migration

P Wedensday, March 17 at 11:00 am PST
ASHRAE 62.1 2019

P Wedensday, April 14 at 11:00 am PST
Humidification - Technology and Application

P Wednesday, May 12 at 11:00 am PST
UV Lights - Technology and Application

P Wednesday, June 16 at 11:00 am PST
Needlepoint Bipolar lonization - Technology
and Application

P Wednesday, July 14 at 11:00 am PST
Dilution and Thermal Stratification -
Displacement Ventilation

P Wednesday, August 11 at 11:00 am PST
ASHRAE 90.1 2019 and 189 2019

P Wednesday, September 8 at 11:00 am PST
Pathogen Mitigation: HVAC System Design
Concepts

P Wednesday, October 13 at 11:00 am PST
Low-Pressure VAV Systems

P Wednesday, November 3 at 11:00 am PST
100% OSA Systems Part 1

P Wednesday, December 8 at 11:00 am PST
100% OSA Systems Part 2

» Wednesday, January 12,2022 at 11 am PST
ASHRAE 170 2017
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Thermally Stratified Environments
Presentation Resources:

3 LABWORKS i I ‘/;
ASH/ RAE~ lﬁa RirFixtire
e/

References:

« Dan Int-Hout (ASHRAE Fellow)
ASHRAE Fundamentals Handbook
Price Engineering Handbook
Plus One
Elsevier
ASHRAE Journal
AirFixture
Krueger
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Thermally Stratified Environments

Today’s Discussion:

 Thermally Stratified Environments
« Three HVAC Strategies (ASHRAE)

 Understanding the physics of airflow in conventional mixed air
systems and the nature of convection in thermally stratified
environments.

l(,?‘)l Webinar Goal:

Why Displacement Ventilation should be given every
consideration for Post-Pandemic HVAC designs.

O
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Thermally Stratified Environments
Agenda:

Webinar Series Review
CDC & ASHRAE: COVID-19 Transmission Update
Physics of Room Airflow
« Mixed-Air Systems
« Thermally Stratified Environments
« Wells-Riley Equation: Probability of Infection
Displacement Ventilation
 Cooling and Heating
« The Terminal Device(Supply Diffuser)
« Air Handler Configuration
Innovative Solutions: 100% QOutside Air Solutions
« Passive Decoupled Radiant Systems
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Webinar Series Review
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VTIl: Webinar Series Review

Session #1

ASHRAE Epidemic Task Force:
Review & Navigating

« Position Document on Infectious
Aerosols

* Guide to COVID-19 Pages

« Core Recommendations for Reducing
Airborne Infectious Aerosol Exposures

» Building Readiness

Session # 2
The Physics of Pathogen Migration

* The Physics of Falling Objects

» The Expiratory Event: Discharge of
Pathogen

« Environmental Impacts on Pathogen
Travel

« Airflow and Ventilation

» Displacement Ventilation

* Prescriptive Measures & The Future

VYV VARITEC”



Humidificat

VTIl: Webinar Series Review

Session # 3 Session # 4
ASHRAE Standard 62.1-2019 Humidification
The Purpose of Standard 62.1 * The Nature of Water
2019 Updates to the Standard * The Physics of Water Vapor
The Importance of Outdoor Air * Expiratory Events, Evaporation
Ventilation rates per Standard 62.1: & Aerosolization
Minimum for COVID-19 mitigation * The Risk of Infection

* Humidity an the Immune System

VYV VARITEC




VTIl: Webinar Series Review

Session # 5 Session # 6
UV-C Technology Needle Point Bi-Polar lonization
. The Nature of Light « The latest ASHRAE guidelines and
- UV Light Generators recommendations
. Ultraviolet Germicidal Irradiation * How NPBI technology can help make
(UVGI) filtration & vent!latlon more ef_fectlve
. UV-C Layout: Considerations & ° Ozone generation considerations,
Strategies concerns and regulations
 How NPBI technology works to inactivate
g g viruses, kill pathogens...

WAVELENGTH (NM)
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Thermally Stratified Environment

Varitec Solutions Home Page: www.varitecsolutions.com

. Click on TRAINING TAB ——
. Click on PAST WEBINARS

 Click on COURSES

S (= LB A * Click on PAST WEBINARS

(N/=AVAVARENVANNVA | = |

A 4

« TRAINING EXCELLENCE: Cascading Topic List ——
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COVID-19 Transmission Update
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CDC & ASHRAE: COVID-19 Transmission Update

&he New Pork Eimes prs r",
CDC

The Coronavirus Outbreak > LIVE Latest Updates  Maps and Cases  Vaccine Rollout  Second Dose  Qutdoor Mask Guidance
The virus is an airborne threat, the ,,/// A

C.D.C. acknowledges. CENTERS FOR DISEASE"

New York Times May 7t Article:
CDC Change on SARS-CoV-2 Transmission

SARS-CoV-2 is transmitted by exposure to
infectious respiratory fluids

The principal mode by which people are infected with SARS-CoV-2 (the virus that causes COVID-19)
is through exposure to respiratory fluids carrying infectious virus. Exposure occurs in three
principal ways: (1) inhalation of very fine respiratory droplets and aerosol particles, (2) deposition of
respiratory droplets and particles on exposed mucous membranes in the mouth, nose, or eye by
direct splashes and sprays, and (3) touching mucous membranes with hands that have been soiled
either directly by virus-containing respiratory fluids or indirectly by touching surfaces with virus on
them.

one’s mouth,

(Date: May 7, 2021)
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CDC & ASHRAE: COVID-19 Transmission Update

Centers for Disease Control and Prevention ~ .. "
CDC 24/7; Saving Lives, Protecting Peopie™ =S ' ,
COVID-19 " ’
Your Health Vaccin ses & Data ork & School Healthcare Workers Health Depts Science More ',,l ,// ‘
]

EEEEEEEEEEEEEEEEEE

¥ cience & Re Scientific Brief: SARS-CoV-2 Transmission ~~~~ CONTROL AND PREVENTION

Summary of recent changes May 7, 2021 POSt' n g

Updates as of May 7, 2021

eeeeeeeeeeeee

« SARS-CoV-2 is transmitted by exposure to infectious respiratory fluids

» People release respiratory fluids during exhalation (e.g., quiet breathing,
speaking, singing, exercise, coughing, sneezing) in the form of droplets
across a spectrum of sizes.

* These droplets carry virus and transmit infection.
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CDC & ASHRAE: COVID-19 Transmission Update
May 7, 2021 Posting

» Infectious exposures to respiratory fluids carrying SARS-CoV-2 occur in
three principle ways (not mutually exclusive):

* Inhalation of air carrying very small droplets and aerosol particles that
contain infectious virus.

« Deposition of virus carried in exhaled droplets and particles onto
exposed mucous membranes (i.e. “splashes and sprays”, such as
being coughed on). Risk of transmission is greatest close to an
infectious source...

(DC
« Touching mucous membranes with hands soiled by exhaled '”,////j

respiratory fluids containing virus... TR s B
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CDC & ASHRAE: COVID-19 Transmission Update
May 7, 2021 Posting

e Transmission of SARS-CoV-2 from inhalation of virus in the air farther
than six feet from an infectious source can occur

o “ .factors that increase the risk of SARS-CoV-2 infection under these
circumstances include:

 Enclosed spaces with inadequate ventilation or air handling within
which the concentration of exhaled respiratory fluids, especially very
fine droplets and aerosol particles, can build-up in the air space

* Increased Exhalation ...infectious person is engaged in physical

exertion
 Prolonged exposure to these conditions, typically more than 15
minutes
K NSWC 00 V varRITEC




CDC & ASHRAE: COVID-19 Transmission Update

/N

ASHRAE, News ASHRAE: Epidemic Task Force Review

ASHRAE NEWS: (April 5, 2021)

Media Contact:

Koron Bucloy Washingion Updated Airborne Transmission Guidance

Public Relations Specialist

kowsshington@ashrae.org “Airborne transmission of SARS-CoV-2 is
ASHRAE Epidemic Task Force Releases Updated Airborne Slg n |flcant and Shou | d be CO ntrOI Ied 0

Transmission Guidance
Clarified guidance for evaluating and mitigating the spread of SARS-CoV-2

ATLANTA (April 5, 2021) — The ASHRAE Epidemic Task Force released an

updated, unequivocal statement on the airborne transmission of SARS-CoV-2 C h an g eS to b u I I d I n g O pe ratl O n S , | n CI u d I n g th e

in buildings.

ASHRAE has released the following statement: Operat'on Of heatlng, Ventllatlng, and alr'

"Airborne transmission of SARS-CoV-2 is significant and should be

controlled. Changes to building operations, including the operation of CO n d |t| O n | n g Syste m S . Can re d u Ce al rb O rn e

heating, ventilating, and air-conditioning systems, can reduce airborne
exposures.”
exposures.

It replaces the April 2020 statement that said airborne transmission was
"sufficiently likely" that airborne precautions should be taken. At that time both,
the World Health Organization (WHO) and the Centers for Diseases Control
(CDC), contended that transmission of SARS-CoV2 was by droplet and fomite

;r::);:l(:ariéntcrx;:isrrzc‘:sr;eo.ns‘iﬁgsg?suently, both have acknowledged the risk of It replaces the April 2020 sta temen t. .. L2
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Physics of Room Airflow
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Physics of Room Airflow

Air Distribution Systems: Three System Types
* Fully Mixed: Overhead Distribution
 Mixed Stratified:
« Semi-Turbulent Underfloor Air Systems
« Fully Stratified: Displacement Ventilation

URE 1 Characteristics of air-dstribution patters (2011 ASHRAF Hanchook—Fimdamentals).

(2011 ASHRAE Handbook-Fundamentals)
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Mixed Air System
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Mixed Air Systems: Purpose

Physics of Room Airflow

Basics of Well-Mixed Mixed-Air Space
Room Air Distribution

BY DAK INT-HOUT. FELLOW ASHRAE

(Dan Int-Hout)

This article is the first of three [ have written for the Fundamentals at Work series.
This one will cover air distribution for well-mixed systems, the most common appli-
cation in commercial and institutional buildings in the U.S. It will be followed by
articles on air terminals and acoustics. All three topics are interdependent, 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

(ASHRAE: Fundamentals @ Work: 2015)

Thermal Comfort & Dehumidification
Create a uniform temperature throughout
the cubic volume of space

NSW
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Physics of Room Airflow

Mixed Air Systems: Objective

* Rules for Fully Mixed Air 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 occupied zone.”

» “Temperatures also should remain the same throughout
the day and the room must be relatively free from
objectionable air currents ...” (Dan Int-Hout) l /

- =
- Li

-
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Physics of Room Airflow

/N
Supply Air: Design Condition @ Peak Flow ASI{RAI;

* Supply Air: Leaving Air Temperature (LAT):
- ~55F DB

N
« Supply Air Diffuser: Discharge Air Velocity /\\ /S S =
- ~150 FPM (Peak Load) - ( /3 ! !S
* Celling Diffusers or High In-Wall Registers K//

AGURET Properly selected air outlet for a mixing system.

« Room air induced into the supply air stream

iA | ™% E"‘ﬂ Convection & Room Air Distribution
T !H ol f ! « Denser cold air tends to fall

(Temperature Profile) (Velocity Profile) e |Less dense hot air tends to rise

NOTE: High Velocity Discharge Required for Mixing
NSWC 07 V VARITEC

O




Physics of Room Airflow

Physics of Airflow: Velocity & Pressure
* High Pressure Moves to Low Pressure
» To Maximize Room Air Induction and Mixing

Coanda Effect:
“Effect of a moving jet attaching to a parallel surface
because of negative pressure developing between the jet
and the surface.” T

(ASHRAE Handbook 2021: Fundamentals) %

a
1
SLOWER MOVING AIR ...... MORE PRESSURE

« High Velocity-Low Pressure air draws high pressure room air into supply air jet
» Air Mixing Occurs. Higher Velocity = Higher Pressure Differential = Greater Mixing
« Air Mixing Reduced. Lower Velocity = Lower Pressure Differential = Less Mixing

« What is needed to create high velocity air? FAN ENERGY

NSWC 0 V VARITEC"
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Physics of Room Airflow

Airflow: Supply Air Discharge Profile ZIN
« Supply air jet moves across a ceiling inducing room air into the [+ "
jet resulting in: — N
« Temperature differential: Reduced between room and A //
supply air. ———
* Volumetric flow rate of moving stream increases, thereby
increasing its MASS - Air jet velocity slows as momentum is
o s st ooty conserved

« Jet's ability to entrain more air decreases,
Coanda effect reduced

« Cooler higher density air falls to the floor

Pressure Differential Reduced: Air falls

V VARITEC"




Physics of Room Airflow

Physics of Airflow: Peak Load
« Maximum airflow at the diffuser
« Diffuser velocity at design maximum

m 50 : pe— :
i « Uniform Mixing in the Cubic Volume of Space
i » Uniform Temperature Profile
75 * Uniform Distribution of Contaminants
38
[! 0 i =
« Discharge velocity to be maintained i
for thorough mixing to occur "
Q& NSWC &0 V VARITEC"




Physics of Room Airflow

Airflow: Part Load Conditions
VAV System Thermal Comfort Complaints:

« Lower Room Load: Less supply air at 55F required to satisfy thermostat
« Thermostat calls for less air; VAV boxes modulate to minimum position.

— ‘ If the velocity is foo low
| the cold air will drop on
peoples heads and make

| \"‘ | {ul them feel cold.

: The spread and throw of
{¢c! POOR COVERAGE. DUMPING diffusers influenoe

OF COLD AIR. THROW : RS
IS NOT ESTABLISHED effective air mixing at the

Lower volume of supply air = lower diffuser
discharge velocity

Cold air “negative buoyancy” (cold air falls)
exceeds supply air jet and ambient pressure
differential

V¥V vaRITEC"
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Physics of Room Airflow

Airflow: Part Load Conditions
VAV System Solution for Mixing? Constant Airflow

* Occupied Hours:

 Reheat conditioned supply air to higher temperature —>]] é
|,
4

« Maintain air volume and diffuser air discharge

velocity by increasing supply air temperature

VAV Box Diagram

. o - Challenge:

i + INEFFICIENT

« VERY EXPENSIVE
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Physics of Room Airflow

Airflow and Room Load:
The Design Challenge:

Diffuser peak discharge velocity occurs usually at Summer Peak Load
Conditions. Greater air mixing occurs.
* Lower volume of air at non-peak conditions (VAV Systems) :
« Fall, Winter and Early Spring
» Otherwise known as the cold and flu season
» Colder days: Building zones go into heating mode
« Discharge air temperature = 85F to 95F
» Discharge air velocity reduced by 50% or more
- “Positive buoyancy” of discharge air. (warmer air tends to

remain at room upper levels)
» Space air mixing is non-uniform

VYV VARITEC




Physics of Room Airflow

Airflow and Risk of Pathogenic Infection

 Wells-Riley Equation: Risk of Infection "5 i
—Ipqt - ey
P=1-¢ @
P = Probability of infection - - .
 m b oG aspoe » Derived in 1978 to model measles outbreaks in
p = Average breathing rate of individuals in the space SChOOIS .
q = Quanta generation rate - o -
R - “Provides a simple and quick assessment of
Q = Air flow rate from HVAC system the infection riSk”. (LOWFy, AJ (KW Engineering))

Probability of Infection

* Quanta: The minimum infectious viral load
 Quantum: Dose of airborne droplet nuclei required to cause infection in

63% of susceptible persons
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Physics of Room Airflow

- » [l [l ‘ ~®
Airflow and Risk of Pathogenic Infection: ASHRAE
« ASHRAE Journal May 2021 (Part 1) \_/
bt e N ol e . T el s b copled andlor diruied Based On a We” m |Xed alr enVI ron m ent
COvID-19 e
Minimizing Transmission . In.troduces a ...mOdI.er.d Wells-
In Hiah Occupant Rlley model for pr.e.dlctln.g the.
9_ . p conditional probability of infection
DeHSIty Settlngs, Part 1 within indoor environments...”

(Rothamer, Sanders, Reindl, Bertram)

« “...Reported here (within the article) is a summary of field experiments
used to determine whether the assumption inherent in the Wells-Riley
model, that the indoor space is well-mixed, is appropriate.”

KQ/\NSW V VARITEC"




Physics of Room Airflow

Minimizing Transmission

Airflow and Risk of Pathogenic Infection: ;};;?&Ug;%;;%tpam

« ASHRAE Journal May 2021 _ _
E— T——T— e * Field experiments were conducted

T T W TS using...(NaCl) in an aerosol size range

consistent with SARS-CoV-2 in two

diameters; 0.728 microns and 2.71
1 microns

Ep—— Infected host e

Conclusion: T

- Better distribution of 0.728 micron particles - FrrE

« 2.78 micron particles settled out more rapidly = 0= =

« Application of the modified Wells-Riley equation o

holds better for particles of the 0.728 micron size

NSW
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Physics of Room Airflow

Airflow and Risk of Pathogenic Infection Minimizing COVID-19

: , ) _ Transmission in High
« Wells-Riley Equation: Risk of Infection Occupant Density

. ASHRAE Journal June 2021 (Part 2) Settings .

(Rothamer, Sanders, Reindl, Bertram)

Testing of various mask filtration media for a classroom

e sse— “...At a mask effective filtration efficiency of 0.5 (50%), the conditional
e LN infection probability is reduced by a factor of 4 relative to the no-mask
‘sE 7 Dbaseline...all occupants wearing masks with an effective filtration

. efficiency of of 0.9 (90%), the conditional infection probability is
reduced by a factor of 100 relative to the no-mask baseline.”

Classroom Airflow Rates Air Changes per Hour (ach):
“Increasing room airflow from 1.34 ach to 3 ach reduces infection probability by a factor of 2x.

L\NSW V VARITEC"




Physics of Room Airflow

: : : . Minimizing COVID-19
Airflow and Risk of Pathogenic Infection: Transmission in High
Occypant Density
« ASHRAE Journal June 2021 Settings ___
Conclusions and Recommendations:
« “...the reduction in infection probability

achieved with occupants wearing masks
having a modest effective filtration
efficiency of 0.55 (55%)...vs. the no-

mask baseline is a factor of 4x.
* “Increasing room airflow from 1.34 ach to 3 ach reduces infection probability

by a factor of 2x.
« Both measures together yield a reduction in infection probability of a
factor of ~8x.

NSWC 77 V VARITEC"
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Thermally Stratified Environments
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Thermally Stratified Environment

Thermal Stratification: What is it?

Definition: A temperature differential
throughout a continuous body

Radiant Lake Effect

Body of water:
« Surface temperature: ~ 74F

« Lower water levels: ~ 40F
/ Water is thermally stratified

O
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Thermally Stratified Environment

Thermally Stratified Building Space:

« Room Temperature Set Point: 75F
 Room Supply Air Temperature: 65F

& 0 sigis
. -

#
F

S,
0 ot
2

« Stratified: Non-uniform space temperature

 Room thermal profile “The system utilizes buoyancy
* Floor: ~ 70F forces in the room, generated by
 Thermostat: ~75F (set point) heat sources such as people,
e Ceiling: ~78F to 82F (9ft AFF) lighting, computers...”
O NSWC &0 V VaRITEE




Thermally Stratified Environment

Thermal Stratification & Air Movement

« Displaces occupied zone air via
convection to the upper levels of a
room via thermal plumes from heat
sources

Thermal Plumes:

» Create temperature stratification

« Heat, not fan energy, moves air in the space

« Contaminants carried to upper levels of a room
« Improved IAQ at the breathing zone

w V VARITEC



Thermally Stratified Environment

Thermal Stratification & Air Movement

Indoor Air Quality?

Mixed Air Displaced Air

O
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Thermally Stratified Environment

Thermal Stratification & Air Movement ‘g§,,

. . N\ .
Office or Classroom with Sedentary Occupants; //\\\. -~
- Diffuser Discharge Velocity N

* Full Load: Diffuser Discharge Air velocity = ~ 40 FPM
« Part Load Minimum: Discharge Air Velocity = ~20 FPM

RRRRRRR

) E PPPPP
! UNOCCUPIED
i Bl | ZzonE
:

AN (l u L | ‘ 1o

 Full or Part Load: if surface temperature differential is maintained a
constant flow of air rises to the upper levels of the conditioned space.
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Displacement Ventilation
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Thermally Stratified Environment

Displacement Ventilation (DV): Stratified Room Condition

ASHRAE Standard 55: Occupied Zone
* Occupied Zone: :
— 6 foot AFF, 1 foot from walls

» Upper level sensible load reduced
In space

« Supply 65F in lieu of 55F air:

« Design airflow often reduced
Banner Health Maricopa Clinic « Maricopa County: Economizer Hours
Designed at 0.8 CFM/SQFT of airflow Doubled (~34% annualized hours)

@‘\NSW V VARITEC”




Thermally Stratified Environment

Displacement Systems: Airflow L
«  Supply air at low velocity: ~40 FPM ~ 9

« Supply air temperature: 62-68°F ' .- o

« Upper level room air temp: 80-85°F \ -

* High level return/exhaust grilles | o .

P

|
|
1%

Room Temperature Profile:

 Floor: 70F
e Thermostat at 5 feet: ~75F
* Celling 8-9 feet AFF: ~80-85F

 Thermal Comfort Temperature Range (Foot to Head):

« Seated occupants — 3.5deg F
« Standing occupants —5 deg F

NSWC 77 V VARITEC"
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Thermally Stratified Environment

Displacement Ventilation (DV):
ASHRAE Standard 62.1

e Superior Air Quality: 1.2 VE

e More efficient contaminant removal

* High Ventilation Effectiveness
e Qutdoor air can be reduced

* Local code permitting

Air Supply Method VE

(ASHRAE 62.1)

Mixing 1.0

@ JTC ?

£ G, &

Displacement 1.2

C_— nsw

Mixing Ventilation Displacement Ventilation

/\
ASHRAE
s\_/
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Displacement Ventilation: Heating
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Negative Buoyancy Zero Buoyancy Positive Buoyancy
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Displacement Ventilation: Heating Mode

Displacement: Heating Solutions
* Perimeter Radiation: Colder Climates

« Diffusers with Heating Discharge Design

* Radiant Ceiling Panels: Hydronic or Electric
* Fan Coil Units: Perimeter zones

V¥V vaRITEC"




Displacement Ventilation: Heating Mode

Baseboard Radiation: | , ~

 Hydronic
« Electric

Colder Climates
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Displacement Ventilation: Heating Mode

Radiant Panels & Sails:
* Hydronic

* Electric TLU E:
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Displacement Ventilation: Product Portfolio
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Rectangular Circular Semi-Circle Corner In-Wall
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M MECHANICAL EQUIPMENT TECHMICAL INSTITUTE




Displacement Ventilation: Product Portfolio

Rectangular in Wall Diffusers Corner Semi-Circular Diffusers
_ — —
5
N
Recessed in Walls Y
Q& NSWC =0 V variTEC




Per ASHRAE 62.1-201.:
» Does not qualify for 1.2 ventilation
effectiveness

NORMAN S WRIGHT
CUMATEC
M MECHANICAL EQUIPMENT

Table 6-4 Zone Air Distribution Effectiveness

T —

‘Well-Mixed Atr Distribution Systems

Ceiling supply of cool air

Cailing supply of warm air and floor renus.

Ceiling supply of wam iy 15°F (8°C) or and

= of than 15°F (8°%C the supply aur-jer y i less than
150 fpm (0.6 ms) within 4.5 & (1 4 m) of the floor and cetling remrn

Cailing supply of warm aiy less thas 15°F (8°C) above average space tempanstire whare the supply air-jet velocity is
oqual %o or greater than 150 fpm (0.8 m's) withiz 4.5 & (1 4 m) of the Soor and ceiling retun

Floor supply of warm air and floor renam.

Floor supply of wanm air and ceiling reums

Makewp supply ouslet located more than half the leagsh of the space Fom de exdhoust, renus, or both

Makewp supply oulet located less than half the length of the space frowm the exhanst, rerwm, or both

Stratified Awr Distribution Systems (Section 6.2.121)

Floor supply of cool sir where the vertical throw is greater than or equal to 60 frm (025 m's) ata beight of 4.5 8 (14 m)
above the foor and ceiling refurn at a height less than o equal to 18 f1 (5.5 m) above the Soor

105

Mw«wﬂ-mu\mawnn-cqn-whms-mnmuﬁsna Am)
than or agmal to 18 ft (5.5 m) abowe fhe Hoor

12

Mqﬂyn{wﬂl-mh\mhnhhceﬂnwh(ﬁEIIS)IIM:‘AUQ(]J-)
sbove the floor znd ceiling return at 2 beight greater than 18 ft (5.5 m) sbove the

15

Personalized Ventilation Systems (Section 6.2.122)

Persomalized air at 2 beightof 4.5 8 (1.4m) 2 supply of cool air and

140

Personalizad air at a beight of 4 5 f (1.4 m) sbove the floor combmed with ceiling supply of wanm air aad ceding renum

Personalized air at 3 beight of 4.5 ft (1.4 m) sbove the fl sanified with
nonsspirsting floor supply devices and cedling retum

Personalized adr at & height of 4.5 £ (1.4 m) sbove the floor combined with a stratiSied air distribusion systens with
Ty d

(New)
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Displacement Ventilation: Product Portfolio

Semi-Circular 180 degree diffusers:
« Large airflow capacity

V VARITEC"




Displacement Ventilation: Product Portfolio

Underfloor Displacement Air Systems: Fully Stratified
Low Velocity Discharge Air @ 65F

VC R o
§oNIROL CONTROLS riotide CONTZOLS

QSPRVICE. SERVICE

a SOLUTIONS
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Displacement Ventilation: Product Portfolio

Underfloor Displacement Air Systems: Mixed — Partially Stratified

« Semi-Turbulent Discharge @ 65F Supply Air
* Occupied Zone is a Semi-Mixed Air Environment ™
» Fewer Diffusers required in a space EE

ASHRAE Standard 62.1-2019
« Assigns 1.2 ventilation effectiveness for
UFAD air systems
v « 20% less outside air required

ST I L% CONTROLS
coﬁrglclac ONTROLS riptioe W kGIRVICE

Pivesse SOLUTIONS

(Semi-Turbulent Discharge)



ir Handler Configurations
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Air Handler Configurations

Side-stream bypass dampers

Energy Savings

Post Heat & Humidity Control:
« Face and bypass

« Side-stream bypass

 Energy recovery

« Desiccant

Double economizer hours:
* Phoenix ~ 33-35% annualized hours

NSWC &0, V VvaRITED
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Air Handler Configurations

Post Heat & Humidity Control:
 Face and bypass
» Side-stream bypass

Concept:
* Dehumidify supply air to
o _ required dew point at cooling
| A—— coil
' " « Coil bypass provides
unconditioned mixed air to post
heat off the cooling coil

Bypass damper position controlled by
discharge air temperature sensor

NSWC .. VvariTEC




Air Handler Configurations

Supply Air = 65F DB

Unit
oul
We

194

Mods,

ITF-
at

Date
06

Side-stream bypass damper

Project: Banner 1 North
« 28 Patient Room Remodel
« AHU Submittal Drawing

C_— nsw

AHU=7

BANNER BOSWELL MC NORTH

i
(Uit Tog

CLIMATEC — PHOENIX

TERRY CUSICK & 602-944-3330
Ver SAE SERIAL No. Job No.
zonaon | WDW  [T020272-001-00 JOO0052540

£
loshion
o

s shown n iches, Opeotng weghts shown . peunds. Oueal il

Banner Boswell Medical Center
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Displacement Ventilation: AHU

Custom AHU: Dual Wheel Solution
« Enthalpy Wheel for Sensible & Latent

Heat Transfer
« Sensible Wheel for Sensible Heat —DOASE Sl I—‘
ngineering Evaluation
Transfer DOAS -

Enthalpy wheel: Pre-Conditions OSA \!‘L
OA = .

Sensible wheel: Post-Conditions SA

4= RA ' 75db/62.5wb

I+

95db/78wb 2 51db/51wb 68.5db /58.1wb
67.6b/64.7wb
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Innovative Solutions:
100% OQOutside Air Solutions
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Integrated Design and System Concepts

VARITEC'S ROLE: THE HVAC SYSTEM SOLUTION
PROVIDER

What market changes do
you foresee?

Offer holistic solutions to
meet these market
challenges.

KQ/\NSW
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Integrated Design and System Concepts

System Concepts:
 Dilution Solutions:
 100% Outdoor Air Systems
« Passive Hydronic Designs
* Chilled Beams
« Radiant Cooling &
Heating
« Passive Latent Cooling
Solutions (Desiccant)
« Central Plant Load
Reduction

C_— nsw

Passive Chilled Beam

i Retu
oy Grill
(oo oo) foo oo\
H :
H ‘
4
Floor
- Diffuser

V VARITEC



Integrated Design and System Concepts

System Concepts
« Variable Refrigerant Underfloor Air Systems
* VRV caoill kit to retrofit AHUs
* VRV with GPS lonization Technology

 Displacement Ventilation 0':
« UFAD Systems blended ‘y)
* 40% RH Humidity Control
« Do particles precipitate more
quickly at reduced air turbulence
« UV lighting
* |onization .

perspectives

Integrated Controlled Solutions

w cowee V VARITEC



Questions?
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