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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




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 (p)
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 =
2 humidity
Dew-point
temperature
Humidity
ratio
Dry-bulb . Specific

temperature volume
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Barometric Pressure 101,325 kPa (Sea level)

based on data from

Carmer Corparation Cat. No. 794-001, dated 1975
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Sling psychrometer

Dry bulb thermometer

Wetted wick Wet bulb thermometer

Water reservoir /

Freely rotating handle

Figure 1 — Sling psychrometer )




introduction to Psychrometry [

The Psychrometric Equation
Dew-point temperature (tg,)
Specific enthalpy (h)

Specific volume (V)
Density (p)

Do you know how to find out the moist air
properties using the psychrometric chart?
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Commonly used psychrometric charts
ASHRAE psychrometric chart
CIBSE psychrometric chart

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




ASHRAE PSYCHROMETRIC CHART NO.1
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Psychrometric Processes '

Common processes:
Sensible cooling / sensible heating

Cooling and dehumidification / heating and
humidification

Humuidification / dehumidification

Evaporative cooling / chemical dehydration

Typical devices:
Cooling/heating coils
Humidifiers / dehumifiers




Schematic representation of all fresh-air, constant volume

alr conditioning system

Steam
Humidifier

Outdoor air - o
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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 and dehumidification

moisture content

R C‘Q QJQ




Psychrometric Processes

Specific enthalpy difference: g =m x (h,—h, )
Sensible heat: gs=m, x ¢, x ({, — {; )

Latent heat: = m, x h,

Contact factor (cooling coil):

B = 9a—9p _ ha—hp _ ta—lp
Jda—9c ha—h¢ ta—tc

Bypass factor = 1 — Contact factor




Cooling coil contact factor

Fins

Air upstream of / Air that has been
cooling coil cooled.

g

Tube

\

Aur which has passed Mixed air
through without hitting ~ Stream
fins or tubes

Chilled water or
refrigerant

A SECTION OF COOLING COIL SHOWING ATR STREAMS

100%s saturation curve

Up stream amr

7

ADP = apparatus dew point

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




Cooling and dehumidification

Straight line connecting
states 1 and 2 and
extended to saturation

Process line
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Dry-bulb temperature

Humidity ratio




(Source: Trane)

Determining entering air conditions

Cooling
coil

Recirculated/
return air (RA)




Simple air conditioning cycle

3)

(1) +——>Exhaust -

Space ) ~

44 > -

1 1 |

Qs QL -

A -_—

' —

Cooling |

coil Filter -

ﬁ -

(5)| O.A. B

Fan | (6) @ T S R T R S R

AN 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




An example of Hong Kong summer air-conditioning cycle
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Components of the air-side system

PREHEATER SUPPLY  COOLING REHEATER

BATTER FAN COl BATTERY
FRESH
AIR
INLET
—_— _ SUPPLY

2 AIR
ROOM
P —~RECIRCULATION
f DUCT

EXHAUST
AIR
OUTLET
| = 34_ RETURN

g a AIR

\RETU'RN AIR
FAN

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




Psychrometric Processes

Sensible heating coils
Cooling coils

Humudifiers

Water spray types

Steam humidifier

Room psychrometric process

Mixing air streams
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Psychrometric Processes '

Calculations:
1. Sensible heat ratio (SHR)
2. Space cooling load
3. Cooling coil’s load/capacity
4. Humidification capacity

5. Mixing processes
Principles of heat balance & conservation of mass




Sensible and latent cooling loads




The psychrometrics of HVAC sub-systems

Plate Heat Exchanger

(sensible heat recovery)

Moisture
content

kgjkg da

oh gx=gu

Dry-bulb Bndp HA. Bn' BB Bn
temperature °C

Regenerative Thermal Wheel

(sensible + latent heat recovery)

Moisture
content
ka/kg,,

¢

Dry-bulb 6, 0,
temperature °C

(Source: CIBSE Journal CPD Programme: The psychrometrics of HVAC sub-systems (Dec 2009))




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

Dessicant Dehumidification

|| Regeneration air
-

Dry-bulb temperature °C 6, 0

B

Tempered Spray

A—w [- B

(Source: CIBSE Journal CPD Programme: The psychrometrics of HVAC sub-systems (Dec 2009))

‘ B Moisture
heated spray content
ka/kg,,
Moisture
content A
karkg, e,
B lo b
cooled spray (or spray coil’) Q- o}:o ./6
19, 4= @fe Y,
& [ ®
Dry-bulb temperature °C
h,
4'@ 9!'16
0 o, b
| {\% ref"r




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

Face and Bypass
Cooling Coil

Bypassair § g A

Face M
wesy lof—»s8

Moisture
content

ka/kg,,

Dry-bulb 6, 8
temperature °C

(Source: CIBSE Journal CPD Programme: The psychrometrics of HVAC sub-systems (Dec 2009))
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Practical Use of Psych. Chart f

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?




PSYCHROMETRIC CHART

NORMAL TEMPERATURES

S| METRIC UNITS
Barometric Pressure 101.325 kPa
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Psychrometric Software f

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

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

Psychrometric Chart (PSY) software (Free for
download)

Daikin's Free Psychrometrics tool




h. Ll
i .
Bt -

i

d‘..lllull___.

] f L)
S e Y oL -anpe i e - AL = f ey =y o
& I ; i L | A P
I TIIIH.II...&IIILJIII - -
A - % A o
Pasi i tlt._llra,..—_“ri_.lr“..!ll
A ] = .-
= o | ¥
rL.,- F A ;
poeefecdihocbancliheyonal.
s i -
S i o S N Y S i
s ’ RS ! ¥ b
VT -p e Y St SRpe OGRS S e
waf it 3,
b ! & .~
oF Jll.-.lll.l-.rrlﬁ |||||||
- i 14 F_
- ™ = ¥
&:f.. g i
IIIF-I_I.IIII....-{-“_qll-I
! v 1= L)
J!!.-!IJ..JHIII_PI!J..I
e - '
L A L B 7 LY
- - .{_ﬂl.i:l(wlllii
i -~} L
f\lﬁllll.‘f.flllallr.h.ll
- Fs

Climate Classification
on Psychrometric Chart

T
J L_.ﬁl..

L

15

50

20

10

D

DBT(C)

(Source: ArchiSci Software - PSYCHWIN)




M ™M 0N 0N - -
¥ o T T T r =/
_..rh i ..‘.} [} i AN i ¥ ) y
e L e e b S A
(T §ioe £ L L ¢ 5 = 3
e e Tt . e e LT e S O
niris s - ’ /-__. ....o.-n K o .___.u_ !
e ] L Fl
03, e fin e b Ul S G byttt Pl i
f PR ] i - y i
q.rl.l..u..\. seshijssaYeessdesspa= !ll»_.-.l. ldmtﬂﬁtl - -y =
0 %0 Il Y r i 4 1 A i
. 5 at oy =t LA,
- ’ T T il , J
~ 4 ’ ™~ S e o 5 8
B e e I CE i IC.I.P l.._..l‘llflu-.o
b N T rs Y Q0 A I "
. llll_ll.lmfll..l.l...v.u = b M w.-_l..ﬁll.k.r,llhllsl.
LY # " F i _..0.. ’ ) Iq... { K ¥
e e e R P el b A il e i |A..||.||.,r|||r|.
- ¢ rzr PP — : W= e S
= e L e R e ey e i R i e I e
Lo Bl i . d P ) ; .r._r J ¥ i o
" m i = 5 8 { v
L ol e o T ) / B L
- b S O i N 4 i
~ D b ¥ i J o
rlnru..lnn..01u,r|m T Rats ook oot ok A £ [ S
- - ’

P - e _ "y I u ¥ ¥ Mooy ;_.__.
‘1!11!“* ld.i?&.l O L SN L =p p=mm =g da s
o AT TR .Mlﬂ. - - S %y 2 Ay ‘ Iy
e o AT .......ﬁi.vﬁuqr...qtﬁh,q.i.v....a =l a

= » 'r y
\\ = 0 - ] £ ; Fid ) s
- ..C T e T R e I L
= W f b g g i
) S| RS ST
> ol [ B s iy
i F
- l/.dl._l. - -..l..ﬂrlll LR O e
Ly 3 hf A f iy ¥
P S, Al e ot N e il
» L ’ f v g '
e el S T e e e [ el
: .u. __.q : n ! i ..-___.—1
ol L u.._l.,.ll__llfl\n...—ll
- = U + Py b
Layon s _.f.. me L I .._.-v._ fd
L
i w_ b % sa

3
: e
&L/Ilt«\:.ll el = v S SR S L PR

Desien strategies for HVAC systems

[No location data loaded]

1.60kPa
50.33KJ/Kg
0.8582m3/Kg
Dew Point: 14.11°'C

Vet Bulb

10.03g/Kg

17.85°C

-

4 J Marsh 96

25.00'C AND 50.00%RH

LY RS L]
ERS F g S
IR ENENE]

Abs Humidity
Vap.Pressure
Enthalpy
Volume

AT

=
=
-
O

Ly
ar L

DBT(C)

Lo ¢

@] [=3 (=4 {18 [eN (SR 1) i | I

(Source: ArchiSci Software - PSYCHWIN)
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Thermal comfort analysis and design
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summer and winter.

Radiant Ener
10

1.60kPa

50.33KJ/Kkg

10.03g/Kg
Volume: 0.8582m3/kKg

-
i

:14.11'C
:17.85'C

25.00'C AND 50.00%RH
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(Source: ArchiSci Software - PSYCHWIN)
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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
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Analysis of weather conditions in Hong Kong
WINTER PERIOD

Frequencies of occurrence of hourly dry—bulb and
in winter period (December, January & February)

wet—bulb temperatures of Hong Kong
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Analysis of weather conditions in Hong Kong
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Analysis of weather conditions in Hong Kong

\  ASHRAE PSYCHROMETRIC CHART NO.1
(o} NORMAL TEMPERATURE
E o BAROMETRIC PRESSURE: 101.325 kPa
Copyright 1992

AMERICAN SOCIETY OF HEATING. REFRIGERATING AND AR-CONDITIONING ENGMEERS, INC.

SEA LEVEL

B 5 e
j\-* - ML - i s A
B (%] WOl AL HEAY ] -
o o
A D LA
Lol “ 5%
> .
- . \ =
- 0 o
-:""1-—,.. | ':.J F
= o
- ‘: .
L LT - — —
T BATED T A e

fi’

+1

. P}.:"h_ .I'J i

L

I

-

o 'l

@ e
P —
P oy —
T
ey
g .
r S e W af = =
P
e
‘;:--.._H\““,,___ ’ o
A =
A S :
r::"'RT [~ vy
- =
> = : b : - =k -
| !I i ._'. ! e S S T rwrial w_
e e e S
F_'_E'»_.LT.“\ CLone N Y < 1L!JT:“
™ k- v

* The number represents the possibility of occurrence.

. - =
Vi e Y sl
Y = i
Y AR T A -
e A LY
A B ., D -
\ Fi ' T
=3 L5 1:M-"" W | .L-Eﬁ.‘
i 1% Al
S EE Y e "
LY e L e
- " i B
) | W
e |
W I !
u A | A
. 7L .
- Fal |
B e
i -
_'\ ik Moo v
y - P -i\_ \{ :E_H
— 1A Ty
e A R
L' D ™l | — = o
X ¥, [Ty g |1 1 o
B i R
e A A B
1 A ) E::::-....L_ B P
¢ A 0
i A o
TR 7 & i
t \ﬂ. Sy
ks 1 131
a oy -
- el e A
e g‘lh. 3
w - T
- =] «
F o = ~tal 1
- o 1
i 1‘ - i :\
e | % :'u__ -
o e = U‘ﬂ“-‘n
Y = 5
D 3T
. i
: = i
g - b T 7 =
i r;:;_. el AL ..,...%,s,..,‘
o T
Y S
.“.'h-....,:: — ._...,.‘;:-. =% .._"'.
I“‘ M_-_-‘ B N
P, ] T~
D S S ™
— B ""-.,__
- -]

TR THALFY - bl PER KL OGEAM OF DF &l




Analysis of HVAC operation strategy

Four Regions of Operation Schemes

For year—round operation of HVAC system in Hong Kong

0.020
Based on data from 1960 to 1992 (total 33 years). ion Q\} B
~ MNos. af ata = 193 732 do
Tetal number of data = 289,296 . G {55 ;rx) é‘) i
‘ﬂ
& ~——10.015
Qﬁt Return air conditions .}
!&& (24 deg.C DB, 50%RH) i
SO Return air plus s

2.5 deg. C duci
heat gain

cooling coll leaving alr condltions
{assumed 12.5 deg.C DB, 95%RH)

1

ata = 47,519
(16,4%)

gion [
Nos. of 34,317 ,.\Jé
(11.9%) [0.005

og. of

egion D
Nos. ofgdr:ﬂd = 8,72 N .
-5 (3.0%) \
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Dry=bulb temperature (deg. C)

Moisture content (kg/kg of dry air)




All-year-round operating regime based on outdoor conditions

cooler operates
at design loads

cooling with
dehumidification

sensible

heating ‘

preheater operates <~
at design loads_~©

-

steam humidifier
modulates

=[F v
I-i >
cooler modulates
-«—> < -
preheater afterheater modulates
modulates

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




Further Reading

Air Conditioning: Psychrometrics
[www.bsenotes.com]

http://www.arca53.dsl.pipex.com/index files/psyl.htm

CIBSE Journal CPD Programme:
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)




