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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




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=C93mW1{3rr30)




Psychrometric processes
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Schematic representation of all fresh-air, constant volume

air conditioning system
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Cooling and dehumidification

molsture content




Chilled water cooling coil (a heat exchanger)

warm,

—
J
J
J
J
J
J

condensate drain line

Sensible heat exchange: gg=m,x ¢, x (t,—1,)
Latent heat exchange: g, = m, X Ay,

(Source: Trane)




Psychrometric processes

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

Latent heat: g, = m, X &,

Contact factor (cooling coil):

ﬁ — Jda—9b — hg—hp — ta—1p
Jda—Idc hg—hc ta—t¢

Bypass factor = 1 — Contact factor




Cooling coil bypass/contact factor and apparatus dew point

Fins
FitTe gpstregm of / Air that has been
cooling ool cooled.
The percentage of air that
passes through the coil
Tube — > unchanged is called the

[ \ \ bypass factor.

Chilled water or Asr which has passed Mixed ar
through without hitting stream

refrigerant
tinz or tubes

A SECTION OF COOLING COIL SHOWING ATR STEEAMS

100% saturation curve

T stream 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

_ _ . PEYCHEOMETEIC CHART SHOWING COOLING COIL
(Source: http://www.arca53.dsl.pipex.com/index files/psy9.htm) COMNTACT FACTOR




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

Supplv Air

Temp

Chilled water

Surface Area




Cooling and dehumidification
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Major components of the HVAC air-side system
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(Source: http://www.arca53.dsl.pipex.com/index files/psyl.htm)




(Source: Trane)

Determining entering air conditions
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Simple air conditioning cycle
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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; %RH = 95%

Humidity ratio
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An example of Hong Kong summer a
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Using psychrometric chart to represent different HVAC systems

Sensible and latent cooling loads
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Psychrometric processes

Demonstration examples of calculations using
the psychrometric chart

An Example Using the Psychrometric Chart (6:25)
http://youtu.be/xzT9y00Q7Zz20

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




Psychrometric processes

Sensible heating coils
Cooling coils

Humidifiers

Water spray types

Steam humidifier

Room psychrometric process

Mixing air streams
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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 coi1l’s load/capacity
4. Humidification capacity

5. Mixing processes

Principles of heat balance & conservation of mass




The psychrometrics of HVAC sub-systems

Regenerative Thermal Wheel

FlatE Hﬂat EKChanger (sensible + latent heat recovery)
(sensible heat recovery)
B —
Moisture | Ustmpeimon :
content e
ka/kg,,
o gu':gn : E
%% A T & 2
Dry-bulb B 8 9 6, 6 Dry-bulb 6, 8, 6,6,
temperature °C temperature °C

Do you know how to represent the processes of different
HVAC sub-systems on the psychrometric chart?

Maoisture
content
ka/kg,,

9y
9

(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)

Dessicant Dehumidification

= -

Regeneration air
-

Dry-bulb temperature °C 6, 0,
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"'?"\.g '&":r

&

Moisture
content

ka/kg,,

n’*—"

(3]

Dry-bulb temperature °C

(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

Emmgiall;i - A

E i =M
- 3 —p= B

Moisture
content
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Dry-bulb 0, “ 8,
temperature °C

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

Psychrometric Charts [Autodesk Sustainability W/S]
http://sustainabilityworkshop.autodesk.com/buildings/psyc
hrometric-charts
What 1s a Psychrometric Chart ?

Anatomy of the Psychrometric Chart
Interpreting the Psychrometric Chart
Design Strategies and the Psychrometric Chart
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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=2VXynRFeZQY)




Example of how plotted data on a psychrometric chart can be studied,
and related to passive design (using Climate Consultant™)
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Psychrometric analysis ’v@
Psychrometrics and Bioclimatic Analysis for

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

Cooling strategies

Thermal comfort zones
Frequency distribution on psychrometric charts




Analysis of weather conditions 1n Hong Kong
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Analysis of weather conditions 1n Hong Kong

fao Adp o ByfEq) Jueiuss ainge|a

AT A AT S NN,
T 7 T T AT,
<7 7 N 7 7 7 ART TV 777
A A A AN A A AVA G W
A i N R A VA R AV AT
7 Y 7 7157 7 17717777
~d 17 7N 7 7 17 NIV A1 777
o7 AN L AN T I 177
7 ~7 710~ 717 I 77377777
7 ~7 17 7T 7 77797777
2 T LT AT TR T
7 ] AR I 77
SVAAD S ARSI 77 N 7777
T I TN 1 1T 77
IS I T IS TV 7777
A AT (W e
N N NS TN T
- 4.;,.:“:H;_
T T TR

£ W WV el A 7
o N SV (A
L W WYYy oK
5w NV ART ]
e w.. B SN 0 O,
& fm g3 4%»4@%&.3!.,-&
— - o= A A TETAT LI ETIA
—~ 3 & BE YL TIORAY,
= L = ‘g s/ ale/ 0l we o/ )
z § 4 325 NOI0,000886,
o o N 00 AR

SoE Bp

mwm mmw,m

Tl 3,%3

s

= 40

EL4

20
Ory=hbulb damparature {dog, &)

15

10




Analysis of weather conditions 1n 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
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All-year-round operating regime based on outdoor conditions

cooler operates
at design loads

cooling with

sensible dehumidifcation
heating ‘

.

stearm humidifier
modulates

preheater operates
at design loads

Y
|-l -
cooler modulates
e -
preheater afterheater modulates
modulates

(Source: CIBSE Journal CPD Programme: The psychrometrics of air conditioning systems (Mar 2010) http://www.cibsejournal.com/cpd/2010-03/)




Further Reading

Air Conditioning: Psychrometrics (pages 5 to 20)
http://www.arcaS3.dsl.pipex.com/index files/psyl.htm

CIBSE Journal CPD Programme:

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

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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