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Introduction to Psychrometry @

Basics
The atmosphere
Water vapour

Saturated vapour pressure
Also, Appendix - Thermodynamic Basics
Perfect gas laws

st law of thermodynamics
Conservation of energy
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Psychrometry CHJ;Z23)

The measurement or study of the thermodynamic
properties of moist air

The Greek term psuchron (yvyp6v) meaning "cold" and
metron (LETPOV) meaning "means of measurement”

Moist air properties:
Dalton’s law of partial pressures

Standard atmospheric pressure = 101.325 kPa

Saturated vapour pressure: Max. pressure of water
vapour that can occur at any given temperature

(See also: Psychrometrics -- Wikipedia http://en.wikipedia.org/wiki/Psychrometrics)




Measurement of moist air by sling psychrometer

Dry bulb thermometer

Wetted wick Wet bulb thermometer

Water reservoir /

Freely rotating handle

Figure 1 — Sling psychrometer
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Psychrometric Chart (Theory)
Moisture content (g), or absolute humidity (w)
Relative humidity (r2 or RH)
Percentage saturation (u)
Wet-bulb temperature (¢, )
Dew-point temperature (7))
Specific enthalpy (&)
Specific volume (v)

Density (p)




Do you know how to find out
the moist air properties using
the psychrometric chart?

Psychrometric Chart

S| (metric) units
Barometric Pressure 101.325 kPa (Sea level)
based on data from
Carrier Corporation Cat, No. 794-001, dated 1975

0.030

0.025

Dry Bulb Temperature (°C)

Humidity Ratio (gm Water / gm of Dry Air)
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Psychrometric Chart
Can you read them

from the chart? Wet-bulb
temperature

Relative

Enthal
e humidity
Dew-point
temperature
Humidity
ratio
A
Dry-bulb === Specific

temperature volume
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Commonly used psychrometric charts
ASHRAE psychrometric chart
CIBSE psychrometric chart
Carrier psychrometric chart
Trane psychrometric chart
Mr. S K Wang (similar to Trane)
Mollier chart in Mainland China 5725 5R.)5 5

Why are they slightly different?
Can you find out the differences?

@m
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BAROMETRIC PRESSURE 101.325 kPa
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Psychrometric Processes

Common processes:
Sensible cooling / sensible heating

Cooling and dehumidification / heating and
humidification

Humidification / dehumidification

Evaporative cooling / chemical dehydration

Typical devices:
Cooling/heating coils

Humidifiers / dehumifiers




Qutdoor air
supply

>

Schematic representation of all fresh-air, constant volume

air conditioning system

I I I
; : v : Steam
g U Humidifier
1 1 1 ]
| 1
| 1
T @: o UFAN
Frost Heating {( J}p------=-----

Heating Filter Cooling coil

coll coil —— X
FAN

I

Supply air

Ll Extract air

MECHANICAL PLANT ROOM

-

AIR-CONDITIONED
ROOM




Basic psychrometric processes

Process 0-1: Sensible heating

Process 0-2: Sensible cooling

Process 0-3: Humidifying

Process 0-4: Dehumidifying

Process 0-5: Heating and humidifying
Process 0-6: Cooling and dehumidifying
Process 0-7: Cooling and humidifying
Process 0-8: Heating and dehumidifying

(Video: Psychrometric Chart - air conditioning processes (3:00) http://www.youtube.com/watch?v=C93mW{3rr30)




Psychrometric processes
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Cooling and dehumidification
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Psychrometric Processes

Specitfic enthalpy difference: g=m x (h,— h,, )
Sensible heat: go=m, x ¢, x (¢, -1, )

Latent heat: g, =m, X hy,

Contact factor (cooling coil):

B _ Y9a=9b _ ha—hp _ ta—lp
Ja—9Yc h —h¢ ta—Tc

Bypass factor = 1 — Contact factor




Cooling coil bypass/contact factor and apparatus dew point

Fins

Lir upstream of / Air that has been
cooling ool cooled.

The percentage of air that
passes through the coil
fube — . unchanged is called the

[ \ \ bypass factor.
Air which has passed Mized ar

through without hitting stream
fins or tubes

Chilled water or

refrigerant

A SECTION OF COOLING COIL SHOWING ATR STEEAMS

100%; saturation curve

T streatn air

ADP = apparatus dew point s 1'/
It 1s the coil surface dew point ADP

temperature required to accomplish a \ 2
cooling/dehumidifying process. 3

PEYCHEOWMETEIC CHART SHOWING COOLING COIL
(Source: http://www.arca53.dsl.pipex.com/index_files/psy9.htm) CONTACT FACTOR.




Relationship of apparatus dew point (ADP) to supply air and chilled
water temperatures

Supplv Air

Temp

Chilled water

Surface Area




Cooling and dehumidification

Straight line connecting
states 1 and 2 and //
extended to saturation Process line |

Do you know
why the actual
process 1s not a

straight line?

|
Humidity ratio

I . —

Dry-bulb temperature




Major components of the HVAC air-side system

PREHEATER ~ SUPPLY COOLING REHEATER
EATTER FATM Col EATTERY
FREZH
AIR
[MLET
. ﬁ_’ SUPPLY
8 AIR
EOCH
- RECTRECTILATION
* DUCT
EXHAUST
AIR
OUTLET
| e < RETURN
% AIR
\EETTJFN ATE
FAN

(Source: http://www.arca53.dsl.pipex.com/index_files/psyl.htm)




(Source: Trane)

Determining entering air conditions

Cooling
coil

Recirculated/
return air (RA)

Outdoor
air (OA)




Simple air conditioning cycle

Jdition hn€
(1) —-Ei Exhaust E’Pm-mn —
Space 2) ) ]
1 ’ 480 -
)e G AhIAW Cool/ g7
Cs “u dehumid. /.~ ]
f
" E
Cooling ]
coil Filter -
f_ -
(5) Ci:.A. -
Fan | (6) (4) I | I | 1 I I |
™ Dry-bulb temperature

(a) (b)

Can you draw such a cycle for Hong Kong summer conditions?

- Outdoor: DBT = 33 °C; WBT = 28 °C; flow = 20% of supply air
- Indoor: DBT =25 °C; %RH = 50%
- Air leaving cooling coil: DBT = 13 °C; %9RH =95%

Humidity ratio




1tioning cycle
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An example of Hong Kong summer air-con




Using psychrometric chart to represent different HVAC systems

Sensible and latent cooling loads




Psychrometric Processes

Demonstration examples of calculations using
the psychrometric chart

An Example Using the Psychrometric Chart (6:25)
http://youtu.be/xzT9y0Q7Z.z20

Use Psychrometric chart for cooling moist air
(9:45) http://youtu.be/A6PVsARawvs




Psychrometric Processes

Sensible heating coils
Cooling coils

Humiditiers

Water spray types

Steam humidifier

Room psychrometric process

Mixing air streams




(
09

C.

Psychrometric Processes '

Calculations:

1. Sensible heat ratio (SHR)
SHR 1s the ratio of sensible heat load to total heat load

2. Space cooling load
3. Cooling coil’s load/capacity
4. Humidification capacity

5. Mixing processes

Principles of heat balance & conservation of mass




The psychrometrics of HVAC sub-systems

Plate Heat Exchanger
(sensible heat recovery)

Dry-bulb
temperature °C

Moisture
content

ka/skg,,

T grr=gn

9:=9,

Regenerative Thermal Wheel

(sensible + latent heat recovery)

B —=-

Discharge noom air

-+ R

i gE

Dry-bulb 0, B,
temperature °C

Do you know how to represent the processes of different

(Source: CIBSE Journal CPD Programme: The psychrometrics of HVAC sub-systems (Dec 2009) http://www.cibsejournal.com/cpd/2009-12/)

HVAC sub-systems on the psychrometric chart?

Moisture
content
ka/kg,,

9y




The psychrometrics of HVAC sub-systems (cont’d)

Dessicant Dehumidification

B—i

— =l = -

Regeneration air
-+

Dry-bulb temperature °C 6, 0,

Tempered Spray
A—p |.: B—w
‘ B Moisture
eated speay content
ka/kg,,
Moisture
content A
kg/kg,, W Te,
; : @Q?- r'e)
cooled spray (or spray coil) < ﬂﬂ '/é
gﬁ ? %‘9’ feiffr
& @
Dry-bulb temperature °C
7
%, 6
RN
120,
‘?9 “e

(Source: CIBSE Journal CPD Programme: The psychrometrics of HVAC sub-systems (Dec 2009) http://www.cibsejournal.com/cpd/2009-12/)




The psychrometrics of HVAC sub-systems (cont’d)

Face and Bypass
Cooling Coil

Bypass alr-_i - A

F i =M
acealr feyl e

Moisture
content

kg/kg,,

Dry-bulb 0, B
temperature °C

(Source: CIBSE Journal CPD Programme: The psychrometrics of HVAC sub-systems (Dec 2009) http://www.cibsejournal.com/cpd/2009-12/)




Psychrometric Software

ASHRAE Psychrometric Analysis CD-ROM
(2012, 2007, 2002) [AV 697 P97]

The program allows the user to plot typical
psychrometric processes and perform the
corresponding energy calculations

The program produces near-exact replications of the
charts and can output a listing of points and processes
0aleks in a tabular report with calculated properties and energy
~ values for each. It includes a presentation of the

~ ASHRAE climate data presented in the 2009 ASHRAE

Handbook - Fundamentals

Psychrometric




Psychrometric Software

Psychrometric analysis software:
ArchiSci Software - PSYCHWIN
http://arch.hku.hk/teaching/archisci/archisci.zip

Psychrometric Chart (PSY) software
http://www.vector.co.jp/soft/win95/business/se288946.html

Daikin's Psychrometrics tool

http://me.hku.hk/bse/MEBS6006/Psychrometric_diagram_viewer
V210 _tcm?24-133157.zip

Free Online Psychrometric Chart
http://www flycarpet.net/en/PsyOnline




Free Online Psychrometric Chart http://www.flycarpet.net/en/PsyOnline

L C' | [3 www.flycarpet.net/en/PsyOnline

Home About Projects « Contact

-+

Free Online Psychrometric Chart world's first online, and only! A convenient, precise and powerful psychrometric chart & calculator tool for HVAC engineers

Basic Process Cycle 1 Cycle 2 Setting Display TE{Efr

Click hart fo propert ) ‘
op and Play. We have a free small game for you: Survive Broken. Click to start play.
I Or input data for air properties

T.Dry, °C v 25

Rel.Humid, % v 50 115 120
Quantity Value Units A\
P.Ambient Pa 0
T.Dry.Bulb C
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Humidity Ratio, g/kg(d.a)
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Dry Bulb Temperature, °C. Pressure = 101325 Pa
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Climate Classification
on Psychrometric Chart
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Thermal comfort analysis and design
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Analysis of external climate
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(Video: Using Psychrometric Charts for Building Design (5:25) http://www.youtube.com/watch?v=2V XynRFeZQY)




Psychrometric Analysis 9@

Psychrometrics and Bioclimatic Analysis for

Hong Kong
http://www.ad.arch.hku.hk/~cmhui/teach/65156-7e.htm

Cooling strategies

Thermal comfort zones

Frequency distribution on psychrometric charts




Analysis of weather conditions in Hong Kong
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Analysis of weather conditions in Hong Kong
WINTER PERIOD

Fragquanciss of occurrence of hourly dry—bull and

wet—bulb temperatures of Hong Kong
in winter period (December, January & February)
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Analysis of weather conditions in Hong Kong
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Analysis of weather conditions in Hong Kong
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Analysis of HVAC operation strategy

Four Regions of Operation Schemes

q‘-ﬁ/ |
el Q.025

For vear—round operation of HYAC system in Hong Kong

25
Based on data frem 1980 1o 1992 (total 33 years).
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¥ P
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All-year-round operating regime based on outdoor conditions

cooler operates
at design loads

cooling with

sensible dehumidification

heating

preheater operates
at design loads

steam humidifier
modulates

|-l >
cooler modulates

e -

preheater afterheater modulates

modulates

(Source: CIBSE Journal CPD Programme: The psychrometrics of air conditioning systems (Mar 2010))




Further Reading

Air Conditioning: Psychrometrics
http://www.arcad3.dsl.pipex.com/index_files/psyl.htm

Psychrometric Charts [ Autodesk Sustainability W/S]

http://sustainabilityworkshop.autodesk.com/buildings/psyc
hrometric-charts

CIBSE Journal CPD Programme:

http://www.cibsejournal.com/cpd/

The properties of air (Apr 2009)

Applying the psychrometric relationships (Aug 2009)
The Basic Psychrometric Processes (Oct 2009)

The psychrometrics of HVAC sub-systems (Dec 2009)
The psychrometrics of air conditioning systems (Mar 2010)

Travelling into time with psychrometry (Dec 2010)
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