Humidification Done Right

Fundamentals and Applications




Presenters

» Nicholas Lea, P. Eng, LEED AP BD+C

Global Product Manager
Nortec Humidity Ltd.

> Matt Nowak

North American Sales Manager
Armstrong International

» Eric Brodsky, PE

Director of Technology
Research Products Inc.

L AIR-CONDIHOMING, HEADNG, =

& REFRIGERATION INSTITUTE ——



Agenda

1. Fundamentals of Humidity
« Key Terms and Definitions
Humidification Applications

2. Humidification: Commercial and Industrial
e  Steam Solutions
 Liquid Water Solutions

3. Humidification: In the Home
* Residential Applications
 Technology Solutions

4. Questions

m :

AIR-CONDITIONING, HEATING, —
& REFRIGERATION INSTITUTE

_ - ‘




What is Humidity and How Do We Measure It?

Humidity
e The amount of water vapor in the air
 Measured in “Absolute” or “Relative” terms

Absolute Humidity
 Mass of water in particular volume of air
* Expressed as mass (grains/lb,, or g /kg,.)

Relative Humidity

 Amount of water vapor in the air relative to how much it can

hold at a given temperature (%)
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How Much Water Can the Air Hold?

It depends on the temperature of air!

1 Ib (kg) of Air 1 Ib (kg) of Air
35°F  (2°C) 72°F  (22°¢)
30 gr (2g/kg) 30 gr (2g/kg)

[ Sensible Heating

100% RH 25% RH
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How Much Water Can the Air Hold?

Absolute
Humidity
100% RH

e

- 120 gr (8g/kg)
/ 25% RH
—— 30 gr (2g/kg)

— /
35°F 72°F 120°F
(2°¢) (22°€) (49°°)
Temperature
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The Psychrometric Chart
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Effect of Outdoor Conditions

Heating Climates

 High outdoor RH does not translate indoors!

RH % Indoor RH% When Heated to 70°F

100| 2 4 5 6 7 9 12 | 17 (19| 23 | 29 | 36 | 42 | 53
60 1 2 3 3 4 5 7 9 11 (14 | 17 | 21 | 26 | 31
50 1 1 3 3 4 4 6 8 9 12 | 14 | 18 | 22 | 26
45 1 1 2 3 3 4 6 7 8 11 | 13 | 16 | 20 | 24
40 1 1 2 3 3 4 5 7 7 10 | 12 | 14 | 18 | 21
35 1 1 2 2 2 4 5 6 6 7 10 | 12 | 15 | 18
30 0 1 2 1 2 3 4 5 5 7 9 11 | 13 | 15
25 0 1 1 1 2 3 4 4 4 5 7 9 11 | 13
20 ( O 1 1 1 2 2 3 3 3 5 5 7 9 10

-20(-10 | -5 0 5 10 | 15 (20| 25|30 | 35|40 | 45 | 50

Outdoor Temperature (°F)
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How Much Humidity is Enough?

Humidity Control Is Needed Everywhere
* Warm Climates: Dehumidification to remove excess moisture
* Cool Climates: Humidification to prevent excessive dryness

Humidification for People
 |Important for health and well being of occupants
 Applications at work and home

Humidification for Industry and Process
* Moisture sensitive materials
*  Product Quality / Process Reliability

L R OHRITOMINE, HEATING

& REFRIGERATION INSTITUTE

"



Humidification for People

Human Body Response
* Human body is “60% water
* Body doesn’t sense moisture well

Humidity and Respiratory Infections

e Evidence of link between moisture and cold / flu
transmission

* Clinical trials between 1963 and 1985 showed
significant reduction of respiratory infects when
mid-range humidity was maintained [1-5]

e 2013 NIOSH/CDC Research showed reduced
infectivity of flu virus aerosols with mid-range air
humidity levels [6]

Photo Credit: iStock 000018649460

1. Ritzel G, Sozialmedizinische Erhebung zur Pathogenese und Prophylaxe von Erkaltungskrankheiten, sog. «Kindergartenstudie»
Zeitschrift fir Praventivmedizin 1966, 11. 9-16

2. Sale C, Humidification to Reduce Respiratory Ilinesses in Nursery School Children, Southern Medical Journal, July 1972, Vol 65
3. Green G H, Winter humidity and related absenteeism in Canadian hospitals, Digest of the 3"4. CMBES

4. Green G H, The effect of indoor relative humidity on absenteeism and colds in schools, ASHRAE Trans., Vol. 80, Part Il

5. Gelperin A, Humidification and upper respiratory infection incidence, Heating, Piping and Air Conditioning, 45:3, 1973

6. Noti JD et. al, High Humidity Leads to Loss of Infections Influenza Virus from Simulated Coughs, PLoS ONE 8(2): e57485, 2013
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Humidification for People

Humidity and Productivity

e Study in Germany found possible
influence of air humidity on eye
irritations, dryness of mucous
membranes, and vocal stress.

e Survey responses showed that
insufficient air humidity have negatively
impact well-being, motivation, and : : . -
performance. [1] ‘ s

Photo Credit: DRAABE Industrietechnik GmbH
ASHRAE Standard 55
“There are no established lower level humidity limits for thermal comfort,
consequently, this standard does not specify a minimum humidity level.
©2014 Fr&;unhofer IAO
NOTE: Non-thermal comfort factors such as shin drying, irritation of mucus
membranes, dryness of the eyes, and static electricity generation may
place limits of the acceptability of very low humidity environments.”

1. Rief S and Juric M, Air Humidity in the Office Workplace, Fraunhofer 1AO, 2014

AIR-CONDITIONING, HEATING, —
& REFRIGERATION INSTITUTE

we make life better™ ‘




Humidification for People

The Sterling Chart
 Common design reference

e Suggests mid-range
30 - 60% is optimal

 ASHRAE RP-1630 is working
to update chart with latest
research

Decrease in bar width indicates decrease in effect

OPTIMUM ZONE

BACTERIA

VIRUSES

FUNGI

MITES

RESPIRATORY
INFECTIONS*

ALLERGIC RHINITIS
AND ASTHMA

CHEMICAL
INTERACTIONS

OZONE
PRODUCTION

*Insufficient data
above 50% rh

0

10

20

30 40 50 60 70 80 90 100
RELATIVE HUMIDITY, %

©ASHRAE, www.ashrae.org. 2012 ASHRAE Handbook: HVAC Systems & Equipment, Ch 22.1
Adapted from Sterling et al. 1985

AI.ID
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Humidity and Process

0

Humidity Affects Materials 4 %
* Swell and shrink effects @\ @%\

* Paper, wood, textiles, concrete

Humidity Affects Static Charge Accumulation
* Dry air resists charge dissipation
* High charge voltages result in spark discharge

Humidity Affects Production Processes and Product Storage
e Painting, concrete curing, leather processing all rely on moisture balance
* Food storage and processing; fruit, vegetables, cheese
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50-55% @ 71°F(21°9)
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Photo Credit: iStock 000022275438 [2] 2015 ASHRAE Handbook: HVAC Applications, Chapter 21.2, Figure 1
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Printing B
43 - 47% RH 2%

.

3. 2015 ASHRAE Handbook: HVAC Applications, Chapter 20.3, Figure 1
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Humidity Design Resources: More Information

ASHRAE Handbooks
e 2016 Systems and Equipment Chapter 22
e 2015 HVAC Applications

©ASHRAE, www.ashrae.org

AHRI Humidifiers Section

 www.ahrinet.org
* Click Contractors and Specifiers

Local Standards and Norms

* Codes, Federal Standards, etc.
e Euro Standard EN 15251:2007

Photo Credit: N. Lea
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Fundamentals of Humidity: Summary

Humidity
* Relative to temperature
 High outdoor RH does not equal acceptable indoor RH

Humidity for People
* Evidence shows link between humidity and health
* Indoor RH 30 - 60%

Humidity for Process
 Many processes are moisture dependent
* Drying rates, dimensional stability, static, strength
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Industrial / Commercial
Humidifiers and Selection — Done
Right




Methods of Humidification

Direct Steam Injection

Heated Pan (Atmospheric)

Adiabatic
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Isothermal vs. Adiabatic Energy Usage

Isothermal Adiabatic

Humidification
Process
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Humidifier Selection

Isothermal

Vs.
Qﬂiabatic

What type

Is Steam
of accuracy

Available?

(equired? | \

What space °

’ . What
Istavalianie utilities are
for the

wmidifier? ,‘ : Qailable?

What type
of water is

going to be
\used?
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Information for Load (Capacity) Required

» Where is the Humidity going to be added to the air?

— Duct / AHU

* Tunnel size (Hx W x L)

* Airflow

* Temp of Air at this point

 Amount of Outside Air / Conditions of that air
— Room

e Dimensions of Space

* Air Changes per Hour (# of Doors and Windows)

» What conditions are you trying to achieve?
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Direct Steam Injection

INTEGRAL /— PNEUMATIC OR ELECTRIC OPERATOR
CONTROL
VALVE

DRYING
CHAMBER

DOOCCO}|
N

STEAM-JACKETED
DISTRIBUTION MANIFOLD

SEPARATING
CHAMBER

% \_ KEY
E]l ; CONDENSATE
. STEAM SUPPLY AT
DEFLECTED O SUPPLY PRESSURE
DOWNWARD [[] STEAM AT ATMOSPHERIC
= PRESSURE
INVERTED BUCKET [ CONDENSATE

STEAM TRAP

B. JACKETED STEAM HUMIDIFIER
(Courtesy of Armstrong International, Inc.)

Direct Injection Steam, Steam Panel Humidifier

Steam
fr— L™ Supply
., ™

Digpersion
/ tbe
/ Steam orifice

L RRN AR

\ Condensate
return

Condensate drain header

AI.ID

©ASHRAE, www.ashrae.org. 2012 ASHRAE Handbook-HVAC Systems & Equipment, Ch 22, Page 8 .
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Direct Steam Advantages

Availablein a Low High
wide range maintenance Turndown /
of capacities requirements Great Control

Small
Footprint

Reliable
performance

N\ \ \ \
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Heated Pan (Atmospheric)

DRAIN SOLENOID VALVE

IGNITION

CONTROL
F. SELF-CONTAINED ELECTRIC MODULE

RESISTANCE HUMIDIFIER

FILL VALVE—"

L

DRAIN VALVE
FLAME DETECTION ROD

STEAM OUTLET. STEAM
REMOVABLE COVER <3
<A ~TANK
MOTOR-DRIVEN
VALVE STEAM/WATER COIL
T ITH ) I P>—<— LEVEL swiTCH
&<*——MANUAL DRAIN TAP
STEAM SEPARATING CHAMBER
SONEERERTE SUPPLY SOLENOID VALVE
AIN SUPPLY WATER

A. STEAM- OR HOT-WATER-HEATED PAN STEAM-GENERATED HUMIDIFIER

STACK OVER-
TEMPERATURE
SENSING
ELEMENT

PRESSURE
SWITCH

T~— TANK

REDUNDANT
LOW-LEVEL
PROBE

LIQUID LEVEL CONTROL

H. GAS-FIRED STEAM HUMIDIFIER

©ASHRAE, www.ashrae.org. 2012 ASHRAE Handbook-HVAC Systems & E

quipment, Ch 22, Page 8
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Heated Pan Advantages

EIECtric P Compact size

e Good Control / Turndown

U n |t5 e Self-diagnostics

e Low Energy Cost

GaS Units e Higher Capacities

e Self-diagnostics

Stea m tO . Available in a wide range of sizes and high
output capabilities

Steam UnitS e Reliable operation
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Adiabatic Humidifiers

PRESSURE GAGE DOWN- 1 pm MECHANICAL FILTER IssooLLé.\Ja‘EG)
STREAM OF FILTERS 5 um MECHANICAL FILTER VALVES WATER DISTRIBUTION
MICROPROCESSOR PRESSURE GAGE HEADS
CONTROLLER / UPSTREAM
* j— /%~ OF FILTERS DISTRIBUTION
y . MANIFOLD

INSPECTION
PORTHOLE

HUMIDIFYING
ELEMENTS

~—

WATER
CONDUCTIVITY
SENSOR

N PRESSURE
REDUCER

MIST
ELIMINATORS
AUTOMATIC

PUMP ~]
INVERTER

——SUPPLY DILUTION
PRESSURE
PAES VALVE
RECIRCULATION
PUMP

OVERFLOW
MANUAL DRAIN VALVE

R ESSURE
ELECTRIC MOTOR SUMP

FLOAT VALVE WATER
VOLUMETRIC PISTON PUMP

D. HIGH-PRESSURE ATOMIZING STATION H. RIGID-MEDIA HUMIDIFIER

HUMIDIFIED AIR HUMIDIFIER BODY
ADJUSTABLE
ET
COMPRESSED AIR RING OF
AIR BLADES
CONVEYOR SUPPLY
SOLENOID
SPINNING s
SUPPLY
DFIi: WATER
— ) DRAIN
OVERFLOW f SOLENOID
iy d— VALVE
COLLECTION HEATER
INTAKE SR LEVEL SWITCH
-AIR FILTER

B. ULTRASONIC HUMIDIFIER

C. CENTRIFUGAL ATOMIZING HUMIDIFIER

WATER FOG PARTICLES

G. COMPRESSED-AIR NOZZLE
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Adiabatic Humidifier Advantages

Provides
potential
energy benefit
of Evaporative
Cooling

\ N\

High turndown
of output

Modulation of
output / Tight
control

Wide range of
capacities
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Humidity Control

: Optional
Controllers Safeties :
Accessories
' ' '
| Humidistat | High Limit | Modulating
Humidistat High Limit
% % o
' A ' 3 4
Pressure Switch il
— Sensors mire — Temperature
(Airflow sensor)
Reset
- v - / 1
' N ' N
BAS / Temperature
— Communication —  Switch (if
Protocol applicable)
8 / 8 /
P . AIR-CONDITIONING, HEATING,
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Who to consult?




Residential
Humidifiers and Selection — Done
Right




Residential - Humidification Done Right

Health
Comfort

Preservation
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Relative Humidity — Dry Air

Dry outdoor air !

The house gets very Dry !

Enters the house! A

L
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Changing Building Envelopes and HVAC Equipment

» Today it is common to encounter:

 Small equipment rooms, tight workspaces...
« Equipment and plenum size limitations...

« Various air volumes with various run times...
 Heat pumps with lower plenum temperatures
 Hydronic or radiant heating equipment
 Modulating furnaces

« Tight construction

« Various ventilation rates
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Key Humidifier Application Criteria

» HVAC Equipment:

 Type of HVAC equipment
 HVAC equipment physical size
* Location of HVAC equipment

* Plenum temperatures

* Airflow distribution and zoning
 HVAC controls
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Key Application Criteria

» Humidification Load:
* House size

* Physical Characteristics
* Occupants N . ) All Regions & Climates
* Geographic Location '

Mouiitiin

Mid-Atlantic/

» Water characteristics :
 Hard, soft or softened

* Hot or cold
* Conductivity
« City or well/septic
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Residential Humidity Solutions

* Atomizing
* Evaporative

— Fan-Powered
— Bypass

e Steam
— Resistive
— Electrode
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Atomizing Humidifiers

Advantages

Install on Heat/Cool Systems
Install on Heat Pump Systems
Works with demineralized water
Adiabatic

_Ie]

Air Flow
S | Remote
upply Bracket
Plenum
% Nozzle
0y ™
/ Drain
Tube

Upflow
Furnace
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Evaporative Humidifiers

Advantages

Humidified Air (Vapor)

Install on Heat/Cool Systems

Water Supply
Install on Heat Pump Systems Water
Distribution Tray
Many sizes and capacities |
Low water usage models [N f t
Water ¢ _ ;
Use hot water for higher capacity ST

Powered or bypass humidifiers

Various control options
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& REFRIGERATION INSTITUTE

_ - ‘



Steam Humidifiers

Advantages

Install with any HVAC systems:
Radiant or Hydronic Heating
Heat/Cool Systems
Heat Pump Systems
Ducted Systems

Used in:
All type of Climates
Small Equipment Closets
Stand Alone Operation
Modulating Controls
High Capacity Needs Resistive and Electrode Humidifiers

d————-—“ﬁ; Al coNpabIniEe ke
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Control Strategies

Manual control

Automatic Controls

Modulating Controls

IAQ Thermostats
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AHRI Guideline

> AHRI Guideline for Residential Humidifier Humidification Load;
equipment selection; installation practices; and servicing practices.

AHRI Guideline F (I-P)

Table 1. Humidification Load Required, galiday™
Tvpe of Vohme of Building, &
Construction

5.000 10,000 12,000 16,000 20,000 24,000 32.000 40,000
2015 Guideline for Tight 33 42 5.0 67 83 10.0 13.4 16.7
Selection, Installation Average 6.7 83 10.0 13.4 16.7 20.0 26.7 33.4
and Servicing of Loose 10.0 125 15.0 200 250 30.1 401 50.1

1 1 H2 H 11 MNotes:
ReSIdentlaI H um Id Iflers 1. Loads shown in the table are based on indoor conditions of T0°F and 35% EH with 20°F and 70% FEH outdoors.
2. An amount of 2.0 gallons per day may be deducted from these figures if 1t 15 desired to take credit for mternal
sources of molsture (based on a family of four).
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In summary

Residential humidification is needed.

» Select proper humidifier based on:
— Building construction
— HVAC equipment
— Humidification systems
— Controls
— Customer expectations
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Questions

P
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