Recap (Previous Lecture)

Introduction
Background
Basic Concepts of Environmental Services
Air Conditioning and Refrigeration

Video: Fundamentals of Air Conditioning
(Heathrow Airport Terminal 4, London)




Test Your Understanding

HVAC aims to control what functions?

What are the important HVAC design factors?
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Review of Basic Psychrometry™
Introduction to Psychrometry (Handout Chapter 1)
Psychrometric Processes (Handout Chapter 2)

Practical Applications of Psychrometry
Characteristics and use of psychrometric charts
Software for psychrometric analysis

Techniques of Psychrometric Analysis

Psychrometrics and Bioclimatic Analysis

(* Printed handouts can be downloaded for self study)




Introduction to Psychrometry @

Basics
The atmosphere
Water vapour

Saturated vapour pressure

Also, Appendix - Thermodynamic Basics
Perfect gas laws
1st law of thermodynamics

Conservation of energy




Introduction to Psychrometry @

Psychrometry

The study of atmospheric air and 1ts associated
water vapour

Dry air and moist air
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




Introduction to Psychrometry @

Psychrometric Chart (Theory)
Moisture content (g), or absolute humidity (w)
Relative humidity (rh or RH)
Percentage saturation (u)
Wet-bulb temperature (t,,)
Specific volume (V)

(See the 1llustration on psychrometric chart)




Psychrometric Chart
Can you read them

from the chart? Wet-bulb
temperature

Relative
Enthal
i 24 humidity
Dew-point
temperature
Humidity
ratio
Dry-bulb — Specific

temperature volume




Psychrometric Chart

Sl (metric) units
Barometric Pressure 101.325 kPa (Sea level)
based on data from
Carrier Corporation Cat, No. 794-001, dated 1975
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Humidity Ratio (gm Water / gm of Dry Air)
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Sling psychrometer




Introduction to Psychrometry @

The Psychrometric Equation

Dew-point temperature (t;,)

Specific enthalpy (h)

Specific volume (V)

Density (p)
Do you know how to find out the moist air
Nnranarfiag 110 +14a noevehramaetrie chavt9
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Introduction to Psychrometry @

Commonly used psychrometric charts
ASHRAE psychrometric chart
CIBSE psychrometric chart

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

Common processes:
Sensible cooling / sensible heating

Cooling and dehumidification / heating and
humidification

Humidification / dehumidification
Evaporative cooling / chemical dehydration

Coohng/heatmg coils
Humuidifiers / 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




Psychrometric processes
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Cooling coil
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Cooling and dehumidification

molsture content

2
ALl




Cooling and dehumidification

Straight line connecting
states 1 and 2 and
extended to saturation
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Simple air conditioning cycle

(3)

(1) ——= Exhaust —
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r —
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Cooling |

coil Filter ]

j_ -

(5) | O-A. -

Fan | (6) IIl(,«.;} I I 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; %RH = 95%

Humidity ratio




Psychrometric Processes

Sensible heating coils
Cooling coils

Humuadifiers

Water spray types

Steam humidifier

Room psychrometric process

Mixing air streams
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Psychrometric Processes

Calculations:
Sensible heat ratio (SHR)
Space cooling load
Cooling coil’s load/capacity
Humidification capacity

Mixing processes

Principles of heat balance & conservation o
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Sensible and latent cooling loads
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Practical Use of Psych. Chart r

Examples of psychrometric charts
ASHRAE
CIBSE
Carrier
Mr. S K Wang (similar to Trane)
The chart used in Mainland China (upside down)

Do you know how to construct these charts?
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PSYCHROMETRIC CHART
NORMAL TEMPERATURES ~

Barometric Pressure 101.325 kPa
SEA LEVEL

Moisture Content kg/ky Dry Air

Ory Bulb Temperature 'C

0.85 0.90

_ 3 . Copyright © Carrier Corporation 1975
Below U°C Properties and Enthalpy Deviation Lines Are For lce Volume m-/kg Dry Air Cat No 709.002  Printed in US.A.

Reproduced courtesy of Carrier Corporation

Sensible Heat Factor
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PSYCHROMETRIC CHART
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Psychrometric Software f

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

ArchiSci Software - PSYCHWIN (an
evaluation version can be downloaded)

Psychrometric Chart (PSY) software (Free for
download)
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Climate Classification
on Psychrometric Chart
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Design strategies for HVAC systems

[Mo location data [oaded]

1. 60kPa

50 332KkJ/kg

10.03g/Kg
0.8582m3/kg

14.11'C
17.85C
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| Appropriate zones for various cooling methods
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Analysis of external climate
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Psychrometric Analysis ’-@

Psychrometrics and Bioclimatic Analysis for
Hong Kong
http://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
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Analysis of weather conditions 1n Hong Kong

Frequencies of occurrence of hourly dry—hulb and
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Analysis of weather conditions in Hong Kong

ASHRAE PSYCHROMETRIC CHART NO.1
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* The number represents the possibility of occurrence.




Analysis of HVAC operation strategy

Four Regions of Operation Schemes

For vear—round operation of HYAC system in Hong Kong
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Based on data fram 1960 to 1992 (total 33 years).

Total number of data = ZE9,296 . o

Redgion A
Hos. of data = 198,732
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