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Psycho or Psychro
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Psychrometrics

 from Greek Psychro —To breathe, blow, or
make cold. Metrics —to measure.

e the field of engineering concerned with the
determination of physical and

thermodynamic properties of gas-vapor
mixtures.
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The Psychrometric Chart

e Graphical Representation of Properties of Air /
Water Mixtures.

Dry-Bulb (°F db)

Wet-Bulb (°F wb)

Dew-Point (°F dp)

Specific Volume (ft3/1b)

Humidity Ratio (Gr/Ib)

Enthalpy (Btu/Ib)

 Two state points required to fix properties —i.e.
DB/WB, DB/%RH, DB/H, etc.

@Acco




Psychrometric Chart

The relationship between DB, WB, and RH is given
by the Mollier diagram (pressure-enthalpy) for
water in air, developed by Richard Mollier. Willis
Carrier rearranged the Mollier diagram for moist
air to allow graphical solutions. Many variations
and improvements to the Psychrometric charts
have occurred since. ASHRAE now publishes
what are considered the modern, standard
Psychrometric charts, in both I-P and Sl units, for
a variety of elevations or air pressures.

@AcCco


http://en.wikipedia.org/w/index.php?title=Mollier_diagram&action=edit
http://en.wikipedia.org/wiki/Richard_Mollier
http://en.wikipedia.org/wiki/Willis_Carrier
http://en.wikipedia.org/wiki/Willis_Carrier
http://en.wikipedia.org/wiki/ASHRAE

Clever that Carrier guy
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So really, what is Psychrometrics?

e Study of Air / Water (Vapor) Mixture




What is Air?

e Mixture of Gases:
* Nitrogen —4 Parts

* Oxygen — 1 Part

e Other: Argon, Helium, Krypton, Xenon, Neon,
Carbon Dioxide.

and

e \Water Vapor

@Acco




So Who Cares?

e Reconsider the Components of Air:




So Who Cares?

e Reconsider the Components of Air:
* Nitrogen
e Oxygen
* Noble Gases
e Carbon Dioxide




So Who Cares?

e Reconsider the Components of Air:
* Nitrogen
e Oxygen
* Noble Gases
e Carbon Dioxide

Stable in Gas Phase.
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So Who Cares?

e Reconsider the Components of Air:
 Water Vapor




So Who Cares?

e Reconsider the Components of Air:
* Nitrogen
e Oxygen
* Noble Gases
e Carbon Dioxide

Stable in Gas Phase
* Water Vapor

Phase Changes (lig./gas)
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If it’s Not the Heat, It’s the
Humidity
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Some Definitions

e Sensible heat, or enthalpy of dry air, is heat
which manifests itself as a change in
temperature.

Latent heat is the amount of energy in the
form of heat released or absorbed by a
substance during a change of phase (i.e.
solid, liquid, or gas), also called a phase
transition

@Acco


http://www.answers.com/topic/enthalpy
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Heat
http://en.wikipedia.org/wiki/States_of_matter

Some Definitions

 The total heat, or enthalpy, of the
atmosphere is the sum of the sensible heat,
latent heat, and superheat of the vapor
above the saturation or dew-point
temperature. Total heat is relatively
constant for a constant wet-bulb
temperature, deviating only about 1.5-2%
low at relative humidity's below 30%.

@AcCco


http://www.answers.com/topic/latent

Some Definitions

e Dry Bulb Temperature

e Temperature as read by regular (dry) thermometer.
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Some Definitions

 Wet Bulb Temperature

e Temperature of air that has gone through an
adiabatic saturation process.

Dry bulb thermometer
gives the current
air temperature.

Wick is
dipped
| Inwater

Thermometers are . l
swung around handie. Bl =

When swunag, evaporates from
the wick, cooling the wet-bulb thermometer.
Dryer air results in lower temperature.
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Some Definitions

e Relative Humidity

* The ratio of vapor pressure to saturation pressure.
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Some Definitions

e Specific Volume

e cubic feet of air per |b. of air
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Some Definitions

e Dew Point

e Temperature at which moisture begins to condense
in a particular air / water vapor mixture.

e This corresponds to the intersection of the wet-bulb
and the saturation curve.
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Some Definitions

e Humidity Ratio
e The ratio of water vapor (mass) to total air (mass).

e Can be expressed as Ib (water) / Ib (dry air), or
Gr (water) / Ib (dry air).
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Some Definitions

e Enthalpy

e Total amount of energy contained in Air /
Water Mixture.




Ol
i =——— o ——
[ LN S
WY A0 G0 ORCOwl W3l MULE - A TeH NG
& L4 & - ¥ L

A e A L L
P § %

038

EEMSELE HEAT RATIO = i 1

s

[+

L A A A B

Dty BLLE TENPERATURE - F
A T*1.09*CFM=0s

>
Q
(O
i -
e
-
Ll

Y
Q
3

o 0 0 0 0 e Y A




Some Definitions

e Sensible Heat Ratio

* The ratio of sensible cooling to total cooling in
a space.
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Some Definitions

e Adiabatic Saturation Process

 Process follows lines of constant enthalpy/wet bulb.

e Change occurs in: dry-bulb temperature, specific
volume, relative humidity, humidity ratio, dewpoint
temperature, and vapor pressure of the moist air.

No change occurs in: wet-bulb temperature and
enthalpy

Representative of any process involving evaporation

e Cooling Towers, Evaporative Cooling, Fog &
Ultrasonic Humidification, etc.

@Acco
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Useful Psychrometric Calculations -
Air Mixing

e Based on ratio of mass flows
e Stream 1: 95 DB/ 75 WB
e Stream 2: 75 DB/ 50% RH




Air Mixing - Mathematically

Plot both points on chart and connect with a line
Mixed air dry bulb =
(Stream 1 DB x Stream 1 CFM / Total CFM)

+
(Stream 2 DB x Stream 2 CFM / Total CFM)

Plot mixed air dry bulb on above referenced line
to calculate mixed air wet bulb

@AcCco
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Sensible Heating / Cooling

Process line is horizontal on Psych. Chart.
Humidity Ratio does not change

Relative Humidity does change.
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Total Cooling Cycle

Process line is horizontal & vertical on
Psychrometric Chart.

Humidity Ratio does change

Relative Humidity does change.
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Applications — Blow Through

_arge VAV systems
High sensible loads

Higher efficiency requirements
Sound sensitive applications
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Applications — Draw Through

e Compact space requirements
* High latent loads

— Pools
— Underfloor or Displacement

* |nitial cost constraints

@Acco
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Applications — Heat Recovery

* Anything above 30% OA




Ol
i =——— o ——
[y LN S
WY A0 G0 ORCOwl W3l MULE - A TeH NG
& & - L L

A S i
i F 0§ F

B B § B /o= Qv IvaH TEkE

E-E.H_._.(z..._._.ﬁ:-—._

o I

%r

k]

T T

L E -]

EEMSELE HEAT RATIO = Gu i 1

-+

LN N A
o

Dty BLLE TEMPERATURE - F
A T*1.09*CFM=0s

D
Q
i -
=
i)
qe)
D
L

SALCCOD




Heat Wheel — 33% OA
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Applications — Humidification

OR rooms
Laboratories
Wood / Printing

Adiabatic especially economical with
economizer systems

@AcCco
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Applications - Dehumidification

Desiccant best for < 40 DP
Mechanical best for > 40 DP
Ice Rinks

Swimming Pools

Surgery Suites

DOAS

 VRF

e Geothermal

e Chilled Beam

e Corridor Ventilation
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Dual Wheel — Latent & Sensible
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Dual Wheel, Low Temp Regeneration
Desiccant Dehumidification, Pre Cool
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Tight Temperature and Humidity
Control
 High SHR Equipment

* Low SHR Equipment
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ASHRAE Data Sets

 Nine Cooling Data Sets:

e Presented as 0.4%, 1%, 2% Values.

e DB/MCWSB: Useful for Typical Mixed Air Cooling.

e WB/MCDB: Useful for Adiabatic Saturation
Processes: Cooling Towers, Evaporative cooling

e DP/MCDB: Highest moisture content of Outside
Air. Useful for De-humidification and 100%
Ventilation Systems,
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Psychrometric Cheat Sheet

FIGURE 2

/ F D
E

A — Humidify Only

B — Heat & Humidify

C — Sensible Heat Only

D — Desiccant Dehumidify
E — Dehumidify Only

I — Cool & Dehumidity

G — Sensible Cool Only

H — Evaporative Cool




Psychrometric Cheat Sheet

FIGURE 1

1 — Dry Bulk (DB)
nmidity Fatio m Grains (w)
umidiny Fario Scale (W)
— Enthalpy Scale (h)
— Sensible Hear Bario Scale (SHE)
IS Sensible Heat Bafio Orizin
7 —"Vapor Pressure Scale
& — Dry Bulr Temperamrs Line
9— u’. et Bulb Temperatire Lina
10 - Humidity Fate Line
11 - Felamve Humidity Line
1 - Specific Velume Line

FIGURE 2

A — Hurnidify Only
B - Hear & Humidify
T — Sensible Haar Only

D — Destccant Dehnmnudify

E — Deblnmidify Cmly
F — Cool & Delmnidify
G — Senzible Cool Only
H - Evaporative Cool

Helpful Formmlas

Senzible (Qs) = Atx 1.09 x cfin

Total (Qi=Ahx 4.5 x cfim

Warer (Qr) = Arx 500 x zgpm

Lbehe'amr (Iba) = (cim / specific volume of air) x G0
Lbzhrwater (low) = lba = AW

Humidiry ratio (W) = grams (w) / grains/Th (7000

A bumidity ratio (AW = (wl / T000) - (w2 / 7000)
Lbehr/warer (low) = (cfm x Aw x 4.5) / 7000
Condensare GPM = A Tbw / 833/ 60

1 EW =3415 Bruh

1 HP =21.546 Bruh and .7547 W

EEFR. = (MEBH — moror heat) / W

Fapom CFM = room sensible / 1.08 / AT

Air Changes = (60 x cfm) / rocmm vohnne in oo fr.
HP = existing HP x (req’d speed / existing speed)’
Tme Eleciric Heat = noranal KW x (acmal voltage /
11.|:cnuir:ual1&'1:-I'r,ag|!}z

Mixed Air cfin = (oa db x 0a cfm / total cfim) + (ra db
xraciim/ rotal cfin)

Drefinifions

Dy Bulb Temperanme (DEB) — The temperanre of air
Wet Bulb Temiperature (W35 — The temperatura to which air can be cooled to by the adiabatic evaporation of water
Humidicy Fatio (w) — Grains per b of dry air
Hummidicy Fatio (W) — The ratio of the mass of water vapor to the mass of dry 2 in the air vapor mixmnrs
Felative Humidity (FH) — The rato of water pressure in the air vapor mixmre to the warter pressure of water sanoatred af the same dry bulb temperamre
Specific Vohmne — The velume of air per pound of dry air
Enthalpy (b) — The energy content of the air vapor mixire per pound of dry air

Temperanuoe (DF) — The mperatu:\e at which condensaticn of water vapor in an air vapor muxhwe ooous

ure (WP — The pressure of sanuoated water ar the Dew Point Temperanoe

1Cl Senszible Hear R.auo {SHE) — The ratio of the sensible heat transferred to the totzl best ransferred in an zir conditoning process

N T

g -

JALCCOD




How Can Jacco Help You?

Tight Temperature & Humidity Control

Low SHR Applications with Aaon, Munters,
Seasons 4 & Energy Labs

High SHR Applications with WaterFurnace,
Samsung, TROX, Beka & Whalen

Standard SHR Applications with Aaon

Humidification with MeeFog & Vapac

Dehumidification with Aaon, Munters,
Seasons 4 & Energy Labs
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Thank You

Jerry Cohen
President
Jacco & Assoc.
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