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Course Description

Firstly understanding the basic contents of the psychrometric chart and then
discuss the basic psychrometric processes. A detailed Psychrometric approach
is carried out utilising the data available from cooling load calculations to
determine the coil conditions and selection of the air conditioner. All fresh air,
high latent load and humidity control applications are discussed. Importance
of Sensible heat ratio is discussed and distinguishes the deference between
high & low sensible heat applications. This presentation is suitable for young as
well as experienced engineers that provide basic knowledge of Psychometry

and its applications in practice.
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Learning Objectives

. Explain Psychrometric Definitions

. Describe Psychrometric Properties

. Understand the basic Psychrometric processes & the Chart

. Discuss air mixing principle and calculations

. Explain how Psychrometric calculations used define coil conditions

. Understand the importance of apparatus dew point to maintain room RH %
. Recognise the importance of By-pass Factor

. High latent heat application
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. High Sensible heat application
10. All out door air application
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Psychrometric Definitions

Dry-bulb Temperature — Temperature as registered by an ordinary
thermometer

Wet-bulb Temperature — Temperature as registered by a thermometer
with the bulb covered by a wetted wick and
exposed to moving air. (Thermodynamic Wet
Bulb -Adiabatic Saturation temperature )

Dew point Temperature — Temperature at which condensation of
moisture begins when the air is cooled
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Psychrometric Definitions

Relative Humidity — Ratio of actual water vapour pressure of air to the
saturated water vapour pressure of air at the same
temperature

Specific Humidity - Weight of water vapour in grams or
Kg per Kg of dry air (Moisture Content)

Enthalpy - Quantity of heat in the air above an arbitrary datum, in
KJ/Kg. of dry air.

(the datum for dry air is 0°C and moisture content,
water at 0oC)
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Psychrometric Definitions

Sensible Heat Factor - Ratio of Sensible Heat to Total Heat

Alignment Circle - Located at 24°C DB and 50% RH used with
sensible heat factor to plot various air

conditioning processes
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Useful conversion factors

Enthalpy Btu / |b of dry air x 2.33 gives
KJ / Kg of dry air

Mass 1lb = 7000 grains = 0.454 Kg

Flow rate Cubic feet / min x 0.472 gives | / sec
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History- Psychrometric Pioneers

1.0bservation & Philosophical Period

1. Aanaximenes of Miletus, (6th Century B.C.) Greek Philosopher in 570 B.C. to Gaius, Plinus Secundus,
(23-79 A.D.)— Roman Naturalist.

2.The Experimental Science Period

1. Alberti, Leone Battista (1414-1472) Italian Philosopher to Bockmann, Carl Wilhelm, Jr (1773-1821),
German.

3.The Beginning of Unifying Theory Regarding The Behaviour of Air And Water Vapour
1. Dalton, John (1766-1844), English Scientist to Swann, W. F. G., English Scientist
4 Transition From Empirical To Rational Period
1. Carrier, Willis H. (1876-1950) to Keenan Joseph H. and Keyes, Fred G. (1936), professors of MIT, USA.
5.The Mature Science Period

1. Goodman, William (1903-1993) Consulting engineer Chicago, lllinois to Nelson, H.F. and Sauer, H. J.
(2001), USA

Curtesy of Donald P. Gatley - Understanding Psychrometrics
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Psychrometric Properties of Air

e Dry-bulb temperature

e Wet-bulb temperature

e Dew-point temperature Q
e Relative humidity ‘

e Humidity ratio
e Specific Volume

e Specific Enthalpy
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Dry-Bulb Temperature

Dry-bulb temperatures are read from an ordinary
thermometer that has a dry bulb.

© Chandana Dalugoda
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Wet-Bulb Temperature
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Dew-point Temperature
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Humidity

Humidity is the amount of water in the air. Air is a mixture of gasses & water vapour.

High Humidity affects discomfort
to occupants in buildings. Also it
affects the furniture, equipment
& material. Often walls get damp
and cause fungus & moulds to
form, causing health risks to
humans. High humidity can short
circuit miniature electronic
circuits, hence some IT
applications wants close control
of Relative Humidity and
Temperature in Air-conditioned

rooms.
Water vapour condensation on window due to RIgH RUNTIER ) 13



Relative Humidity

Amount of moisture that a given
amount of air is holding

Relative

Humidity amount of moisture that a given

amount of air can hold

The fourth property, relative humidity, is a comparison of the
amount of moisture that a given amount of air is holding, to
the amount of moisture that the same amount of air can hold,
at the same dry-bulb temperature.

Definition
The ratio of the actual water vapour pressure to the saturated

water vapour pressure at the same dry bulb temperature
© Chandana Dalugoda




Relative Humidity
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Humidity Ratio (Moisture Content)

Finally, humidity ratio describes the actual weight of water in
an air — water vapour mixture. Humidity ratio can be

expressed as Kg of moisture per Kg of dry air, or as grams of
moisture per Kg of dry air.
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Fog begins to form when water
vapour condenses into tiny
liquid water droplets that are
suspended in the air. Fog can
be considered a type of low-
lying cloud usually resembling
stratus, and is heavily
influenced by nearby bodies of
water, topography, and wind
conditions

Y




Fog Occurs When Air is Saturated

When the dry-bulb, wet-bulb, and dew-point temperatures are the same, the air is
saturated. It can hold no more moisture. When air is at a saturated condition, moisture
entering the air displaces moisture within the air. The displaced moisture leaves the air
in the form of fine droplets. When this condition occurs in nature, it is called fog

Fog area of the
Psychrometric chart
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Properties of Psychrometric

&
>

i

© SENSIBLE HEAT RATIO

RELATIVE HUMIDITY

SPEGFIC VOLUME m®/Kqg

HUMIDITY RATIO Kawy/Kdpa

MOISTURE CONTENT
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Temperature & RH

» Comparison of outdoor conditions of deferent locations

Unit |Colombo|{Chennai| Delhi | London

dry bulb °C 33 38.5 43.8 28.3

wet bulb| °C 28 28.3 29.6 19.8

RH %0 63 46 36 52

© Chandana Dalugoda



Summer Design Conditions

» 32°C DB (dry bulb)

27°C WB (wet bulb)
& »

For example, let's assume that the summer design conditions are 32°C
dry bulb and 27°C wet bulb. What is the relative humidity, humidity
ratio, and dew point?

© Chandana Dalugoda



Given 32°C DB and 27°C WB. What is the dew-point

temperature, RH% & Moisture Content
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Given 30°C DB and 40% RH

What is the wet bulb temperature

S ——r v —— —— ~ ~ | AN By, 0, O e [ »
BAROMETRIC PRESSURE: 101.325 kPa 7 = Vs St \\ i X ~ JA\ e :
COPYRIGHT 1992 % e T VAR S kA= \‘\\A 2T
(@]
)F HEATING, REFRIGERATING AND AIR-CONDITIONING ENGINEERS. INC. Wi AN A SIS ST et A4 R Bk
L Vd M. S \)( ~3.\ \\ W S AN i
¥ ™~ ~ s ~
I b = 90 (\\ \ X ~ / RS \\\2‘6 B
25 T~ =50 =7 AV LSt % "5 !
% AN ~ / B Y7L & P ~. %
\\1’0 / N~ = v, 24%
SENSIBLE HEAT _ AH, <0 Q0 A A/ a / — A X s
TOTAL HEAT ~AH 7, / \/ | ~~[ SGT e 8 \ \
80 (\\ & x O N / ‘% X e
o~ ~ ) =
A \4 . W vd e T e, \&: =he V' — 221
/ \\ X / ~N - s - \ &
SAVARE A AR R i e I A s
i 8 ~ N S
g \\ ~ / Y ‘7(: : \\~~ - ~ = / \‘\\ \A'\.\
& o TN AN s S YA
‘.5 — - ~ ~ %\ > \ ! O‘P
.\‘\q - \1 \ By /\ N \\ N 6 “im e / o 3 ‘ W
ENTHALPY _ _ Ah Q P 0 . <\ AN \ [3SBCE v b ", .
HUMIDITY RATIO ~ AW Q\vy \\ g S | 7 _ Wi A ) e :
« aman = - / h n [} @
< I Ss S 7 R =TT &t
@ { - S 4 36 7 < = = o> Vi D118
60 X AN N D, G S U S <K - = 218t
el P 4 80, S I VARN N A A W
\ OQ@ ~ (L\ Itbodp \\/ ‘~\\\ ‘ / - e\rgMp$Q %QQ Y \ =~ “\\\ éo — \\ § N
V“\ \/ S \\r\ \ ¥ = \\Qb'?é“ ~ A\ )<\ \ >4 (?9 BN g 1614~
Q/Q \ e *\/ h SO ~| _/ \ e CX / \\7 \\\\'- ~
e e XV = YR <L \ s=I & >
& S ' . 141 R AR T S N ML 51 S~ T\ & T
o \‘\7( i Y ¢ LA i K vy N - — =
\O - v e G- - S \ ~ ) P \7 B Q ~
R CCTYT 1< < X [ S~ = T \ A I\ e =14
¥ ESU A = A\ @ T o N IR S W G L 2~k
«0 >, (e A\ 2, - ~ \odi ‘\ . b Vi \\\ |~
P o et N b oy CA A s ~N Ao 4 \
0L \/ = y;\ . \ T~ P \. ‘\\; \\\ \ <\*~‘ s N
3 -l 8O SR 2, N N bz W 57 b A 2K
= ' \ ~ \ . J ~ " > & N \\\ \\\ / N \ \.\\ = \‘\\
15 4 ;\/ \ a— ~— . — 8 < . 8 \
~ ~ ~N ~ ~ - \\ .
: - o L - 4 < — S T = ™~
? ! \\ < \\ \\z/ \\ . \\‘ \:\\ i &0‘*’ \\‘ \ \ g g . \ \>< \\\ : \ S 10 N
0/~ \ 3 -~ e \\‘ / \‘\.‘ o \\, RS \\\ \ I 0 i \‘\ [~
e e e e » ’s. \\‘ \ }g\\ \0:q | o i - < .\\ \‘\ (S
7 = B N v g™ e it ‘\)( g 3 . iN\; \\P N *\ k-
~_ b 4 o e bi \\_\// \\\ i \:\ o \ \\~ \ Iy \ W\\ ‘\1\ \‘ 5350 8
\ 5 N ~\\ \\>// ~ /\\\‘ \ }(\‘ \\\\; 20 o N ><K <3 \ \\X( e \\ 83
N ~ \\ \\ ~ ik oS N 3 ~ S \\ \ \\ \\\ r ~
o ~ - ~ o \‘\ S \ b = \\ S & "
e - ~ ~ 7 \\r//\ ~ /(x '6; Do 2l /K ~ \ ‘\\\/ Wi ~a \ i\\\ \ i )(\\ :
~ T ~/0 \\\ e 2 ~N \\¥ ~ \/ \ N N ~o /&\ T\ \;L\ \ N o \ \\
E - i Tl T ~ L~ L I~ - \\‘ ;. NG ‘\\A\ ~ 20* S \\\ D ‘\\N\ L'\\ 6 J'\
:2’ S~ I~ ~ ) 42 ~ \\\ ~ e \ S ﬂ\\ SR \\\ \ e 3 \ \\\ ) = t = N
'z-r/\ > >\8 < - ;\)' = -06; - - S R 3 \\\\ | = >‘ o Se L(\\\ S ‘\\‘\ = ‘\\\ \ \ \:
b\ \ S s N ~ fact e B 4 s T I = ks -
a7 ‘S\ﬂ“(- - : Z’;ﬁ\ BN A e \?Q B R e — R . \ S SN
RS =N S . 0 O O 0 003, S o N e
< ~ %d ~ ~ <\ e Shia, g o ~ \\ ey N \ ‘\\\ R 4\00 E < | ~‘1\\ g G ‘\\\ = ‘\* \ e TN
~ ~ » \\\ far S -—><\ < \\\ \\\: = )<:)1 T, - QN S . \\\\ \ \“\ \\\\ 2T
\\7— - i e = —-*\¥ ~ 4 B - b, ™ L 3 ) —_— O i 1 & ~— = % \ ~g ~ -+ 24~
) S \\‘ = .\ ~4 \\X‘ ~d N - -——)« - S A0 \\\ \t\\ i, ~L N ‘N\ \\wk = \Q = \\‘:
\\ T \\\.\\ T \\\‘\ e - >~ ‘?\\\ \} s N o \\\\ \ "s\‘\\\\ \\\\ \\\\\ o \\\ T~ \ & e e N .
\\ \L\ s \& ~. ] X 4. 5 ~1 L s \\ < il Y\\‘\ )T\\ b R 0 \ \\‘ﬂ\
- o~ Rt S .3 T ~ S \\\T\ B R SRS S SRS #:

DRY-BULB TEMPERATURE, °C

26

2-APPLIED PSYCHROMETRICS FOR AC SYSTEMS - May 2, 2020



Given 15°C DB and 12°C WB, what is the
moisture content and enthalpy
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Psychrometrics
Processes
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Psychrometric Processes
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- 2. OB - Cooling & De-Humidification
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Sensible Cooling Sensible cooling
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Sensible Heating
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Humidification

toso = Tps1

twb1 > thO
RHy < RH4

W, > W,
hy > hg
VSl > VSO

De-Humidification

toeo = Tpr>
Twbo > tywho
RH, < RH,
Wo > W,
ho > hz
Vs, > Vs,
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Cooling & De-Humidification

tos1 > Tpa)

Cooling & De-humidification
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Heating & Humidification
Heating & Humidification
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Cooling & humidification Cooling & Humidification

tos1 > Tpa2a

twe1 < twa2a
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Evaporative Cooling

Heat insulation
Cool humid air

Evaporative cooler

Air duct to home Uses Heat of vaporization: 2257 KJ/kg of water )

Cooling = 2140 BTU/kg evaporated water — = = -
Vibration absorber —- —.—— T
mmInes
Blower motor \ sz::_ _—
Water distribution lines N S
¢ (e . -
.,*\_ N ————
Hot Dry Outdoor Air > 2 | N Hot Dry Outdoor Air ._.::
’ N é ey .
’ \ e
. ” N "~‘
Wood wool evaporative pads ———— : Blower i~

Overflow tube —— Wood wool evaporative pads

SENNAANAN

7777
b

Ball float valve Recirculating water pump

to Tap water Water pump screen
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Heating & de-humidification C&H
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Air Mixing Calculation
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Applied Psychrometrics
for Air Conditioning Systems

© Chandana Dalugoda



Psychrometric Analysis of Air Conditioning System

38.5°C DB 3
28.3° CWB

1

24°C DB
17°CWB |9

Outdoor conditions

Indoor conditions

A

24°C DB
17° CWB

Lecture room
50 people
115 m2

Room conditions

24°C DB
17° CWB

: Chennai 38.5 C DB, 28.3 C WB

. 24 C DB, 50% (17 C WB)

From cooling load calculations, total cooling capacity: 26.5 kW,
: 16.5 kKW
: 50 people

Sensible capacity

Occupancy

Determine the entering and leaving conditions of the coil & supply air volume
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Indoor & outdoor Conditions
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Constructing SHR line
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Coil Leaving Condition
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Step-4

To find the entering conditions of the coil, air mixing equation is used.
t3 = [ (ty xmq) + (t; xmy) [/ (Mg + my)

However, at this stage we do not have m,, that is supply air flow rate.

Hence we shall first determine the m, supply air flow rate.

To find the supply air volume in we can use the following formula
g=m Cp AT

q=p Vv Cp AT (mass flow rate is replaced with density & volume flow rate
Then; v=q/pvCpAT

Volume flow rate v=16.5/ (1.2 x 1.02 x (24-10))
=0.9628 m3 /s
Specific volume at supply air condition read from the chart as 0.814 m3/kg

Then mass flow rate of supply air; m=v/ vs =0.9628/ 0.855 =1.182 kg/s

© Chandana Dalugoda



Step-4 continued....

To find the mass flow rate of fresh air

Volume flow rate V = 50 x 8.0 L/s.p (approximation. Needs to find Vbz)
= 0.4 m3 /s

Specific volume at outdoor condition read from the chart as 0.90 m3/kg

Then mass flow rate of fresh air =v/ vs =0.4/ 0.90 = 0.44 kg/s

Step-5

To find the entering conditions of the coil, air mixing equation is used.
t3=[(t; xmy) + (2 xmy) ]/ (my+ m,) m,=1.182, m1=0.44
t3=[(38.5x0.44) +(24x1.187)] / (0.44 + 1.187)
t3=27.9 =28.0C
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Coil Entering
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Psychromteric Processes of The Air-

Conditioning System

If we neglect the fan heat and duct

heat gains, the air conditioning

system Looks like below.

3 Psychrometric processes that are

involved:
1. Air mixing

2. Cooling & de-humidification

3. Heating & humidification

Air Conditioning Cycle
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Actual Air Conditioning Cycle
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Room Total Load

Room load can be determine by
Q = AN 1gom X M
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Coil capacity
Coil capacity can be

determine by
Q = Ahgg Xx M

Cooling Coil Capacity
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A...CYCLE DIAGRAM

Psychrometric Analysis of
Actual Air Conditioning Syst
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Importance of Apparatus Dew Point
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Bypass Factor (BF)

Is a function of the physical and operating

° ° ° ° (] o - AOMNALC FOTUMNRUVIE | KIL CHAK T NU. T Sl 7 ~IN7F T 8 Al SO 0 i i
cnaracteristics o e conailtioning a dl'dlUS dNQ, dS (&) v e 2 i < B e
V4 £ BAROMETRIC PRESSURE: 101.325 kPa : A W s ‘AVRENE A Y Y 5
COPYRIGHT 1992 "% P4 /f\ \V /7 N =17 \\ \fx \; s — 281
S C IT re re S e tS t | at O rt ° O Of a ° r I o C I ° S AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING ENGINEERS, INC. 30\‘\ // \\\\ Z AS S AN // e~ 7 \\\ =
& A \ \\\\ / \ \7{ #
o) = 4 4 \ \/ N~ X I ~ \ =~ \ :
) p l l p l l 0 | il W P . ILIX S AT TV ~y2ef
0.0 0 2’5 ~5.0 A + \/ X\ 5 = | = = /\
° ° ® ° 08 ‘o g - S A\ / \o\\ 7 5 e /\k\
Qo \\{000 \% // - / BN ! \ / i 2 & / \ - 24
&9 ox SENSIBLE HEAT _ AH, 2 Q0 7 A » \ \: / A N
TOTAL HEAT AH / 8o A RS \//\ /\ ?%\ \)(/ ~ —
&0 ny 0 ¥ A /y\ \[\\\l& / \\\ )7/ Ao \:\ }(/ ‘ \ )/ 29 1\
S o b % 8 i, A e 2k A\ \
d aratus completely unaltered : : A A ST AT
A | ‘© ¥ - ~ N SRS 8 ~ N b S
° 3 3\‘&9 20 A \ 25/ <A ) i AN }S’c |\
K / A~ZT % A R o Z T2t
ENTHALPY _ _ Ah VQ'\ P 2 \| J N/ \\\5.5(/ g~ X ] e, A 8
HUMIDITY RATIO ~ AW ¥ . ~_\/ y = \ << \ T 3 =X =
< s 7 =t MV AL T L )
> L SASL P O S 7, S W V74 5 vy
6o o S TA D, G S 74 A A LIS ~< T
o\ l 5 \\Z \ 80 / = oo / v 4 \‘9 S \ ;3 :
< 4 4R S 7 Z ~ -~ =
\\)QK A 4 \\\ / p&? o\‘Q N g ’(O ~o 3 3.
Qy'.\ \/ - X\\\}/\\\ \ /<\ / \4 "U,?G S \\/ \% g N L g 16-:
= & =~ / \\\ o~ S~ © ? A N .
A = X S / Y - 3 2 < X t, L
' S OV\ s A VNI o - S
: N 2T Y A< o® . << a ) % S 141
) Q‘Y A & < <[ © 7 = ¥ | b
N N\ ~ L\ oo <
‘ i ad ~ / \\?9 // - N \ =
40 % ~ < 1 =5 S pr— e =
TSR T T AV [5Z VImIaNE s ek
® A :\ & Z :\ i ‘\\\ 9 \ S B
1. Available a aratus heat transfer surface - e P NN e
¢ R~ < <~ )< ﬁ\\ // B N E: \\‘ o - \\\ \\\ { - \\ — 1‘>X\\ \) - = \ a
3 = AN G AT e ST Ao s SSZES Y i SN L % 9%
5 ~ 4 (& — ~ P 3 - i — <1 . \\\\ /\\\ %Y = /)/‘ \\ \\ P k.
. > ~ - S LB \\\ \\\ P b
° ° < ; X~ g - SO%Z i NS N 2 AN S S X 1 & At TA S s A T
IN SPACINE, NUMper Oorf rows etC 7 a5 S e e G Y 0 e, Y R s e
’ ° 20 ‘ - ~L 3 WP e = a S~ 3 L 5 R’ X~ X s
= .7 \\/ w3 )\\ }0;' - . \ s /K 1S \\\/ I~ \\\ — \ = - \\—‘\
4 WA YA ~ I ol G > T\~ 1T PN T ~\ P o T A I
4 = S > B - ~ \Ag\ > ~ \\ \\‘\ 5(2:’\\ b \ S 20 % > % e \\ 6 :
[ ] [ ] (] = \/ 4 >4 // > \\\\ \\ oS - X \ \\\‘ J i \\\ \\L
( ’ ( ) ( ) ‘ ! ( ) S P 2 \\\\\\ K’X)(“\ \\\ \>\' e I~ o 3\ IR 1~ " 2
e CI a I r r u C I . ‘ : \y>< \\< P~ ~ \\v\ e . N "\\ N N -\\ \\\ T L
(] o/ Yo = ~ i . . >< oy - \\ ) ul \\\\ 4 M\D\:"\( ~ Ra \ g e L pe 4::
= = 'OO; ! . \\\\ ,) = S~ \\\ \\\ \ \E T\VE HU — | - < \ X \ B \ \T‘ﬁ
‘ e —RO T BRES cmit b o S N LY M “10% RER~T<XT F<_ K X S e T S
— .OA 3 S \\- : ‘ il ,(‘\ T ‘—}*\\ N TS =4 \k ~ x\\\ =1 \ \\\ ) ~ ?\‘ \\\\—‘"’~:<k
o s RN - N < N~ ~ o T~ S u N =70 S \\\ S S~ \ N = "t
\\\ - ~ \{F“ b \\\ S — - = \:) - _— “~ % ~ b, P \\‘ = =~ = \\ N\> \\ o \A \ :\\
~ ~ g = - \\\ ~ \\ ¢ N \ ~ \\\ ~L \\>\.\ ~ s X\\ \\\\,\ o \ \b\ S \\ NG
~ \\ r\ b ey S N NG ~ \ ~Nd - TS ~ \\~ ) = \\ ~ \\ g \4\ S e \ 3 N e
[ - \ == ~ e > 7 S ~ ~ ~ \\\ % ke :
0 1 20 40 50

DRY-BULB TEMPERATURE, °C

Bypass Factor = A/B

BF = (tigh — tadp) / (tedb — tadp
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Typical Bypass Factors

(For Finned Coils)

Depthof k:Aillils

Without sprays

14 fins/in

8 fins/in

With sprays

14 fins/in

coils
(rows) Velocity (fpm)
300 - 700 300 - 700 300 - 700 300 - 700

2 0.42 —0.55 0.22 -0.38

3 0.27 —-0.40 0.10-0.23

4 0.19-0.30 0.05-0.14 0.12-0.22 0.03-0.10
5 0.12-0.23 0.02- 0.09 0.08 -0.14 0.01 -0.08
6 0.08-0.18 0.01 -0.06 0.06 -0.11 0.01-0.05
8 0.03 -0.08 0.02 - 0.05

© Chandana Dalugoda




Coil

bypass factor

0.30 to 0.50

0.20 to 0.30

0.10 to 0.20

0.05to0 0.10

0to 0.10

Applications

Type of application

A small total load or a load that is somewhat larger Residence
with a low sensible heat factor (high latent load)

Typical comfort application with a relatively small total Residence, small retail

load or a low sensible heat factor with a somewhat shop, Factory

larger load

Typical comfort application Department store, Bank,
Factory

Applications with high internal sensible loads or Department store,

requiring a large amount of out door air for ventilation restaurant, Factory

All outdoor air application Hospital operating
theatre, Factory

© Chandana Dalugoda
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Specifications of Air Conditioner

Specifications of the Air conditioner is;

1. Total cooling capacity kW

2. Sensible cooling capacity kW

3. Sensible Heat Ratio SHR

4. Coil conditions ON coil / OFF coil temperature
5. Supply air volume L/s

6. Qutdoor fresh air volume L/s




When high occupancy prevails such
as Auditorium or Banquet Hall,
psychrometric Process become

High Latent Load
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Electric Heaters use for Re-Heating

Electric re-heating coils
are placed downstream
of the cooling coil for
de-humidification of
supply air in high latent
load applications.
Usually these are 3-
staged electric heaters
working on 3-phase
electricity.

With increasing electric
costs usage of electric

heating is discouraged
by ASHRAE Standards
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Heat Pipe use for Re-Heating
with Zero Energy Input

Wrap-around, de-humidification, non controlled heat
pipe (DHP) use for re-heating the air leaving
evaporator for de-humidification with zero energy

Input.

Wrap Around Heat Pipe

Cooling Coil

Heat from return air picked up by upstream heat pipe
coil and transfer it to the downstream heat pipe coil
placed after the cooling coil, which re-heats the air to
achieve further de-humidification required.

These were successfully used in world’s second Passive
House Rated building in Sri Lanka, to maintain relative
neatPiPe humidity down to 52~54% without control.

Precool
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Face & Bypass Dampers for Re-Heating

with Zero Energy Input

There are set of phase and
bypass dampers are installed
upstream of the cooling coil.
Normal operation air passes
through face dampers and
enter the cooling coil, where
bypass dampers are closed.
When you need extra de-
humidification for high latent
lands, by pass dampers opens
and some of the return air by
passes the coil and enters
supply air stream thus adding
more heating to air.
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High Sensible Heat Applications

Server room Cooling Loads
comprises of Sensible heating only
and room SHR = 0.9 may be 1.00.
No latent load so room ratio and
coil ratio lines are horizontal.
Moisture content of air is constant.
Coil load is from 4 to 1 and the
room load is 4 to 3.

Such application is Server Room air
conditioning. Deference between
server room & comfort cooling is
heat density; 5000 W/mz2 vs 250 W/
m2 . High density heat and close
control of temperature /relative
humidity are the Design targets of
IT cooling.

DRY-BULB TEMPERATURE, °C
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Server room or IT cooling require close control of Temperature & Humidity. Indoor conditions as

ner 1999 ASHRAE Applications; 22°C +1 °C and 50 + 5% RH. Typical supply air temperature 14 °C
and return air temperature is 24 °C & 45%RH.
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ALL Outdoor Air Applications
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SUPPLY

All Fresh Air Applications for e
Operatmg Theatres

-

100% fresh air from outdoors, filtered and cooled & de-humidified befo' entering the OT. All room
air exhausted, creating positive pressure in the OT. Supply air Uni-directional flow (laminar flow) is
created and return air (exhaust air) picked up by wall extract grills at floor level.
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