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DEC : Direct cooling of air by evaporation of water
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e When water flows along a runoff surface through the airflow. This air
follows the line of the humid temperature (wb) if t ..., =t 4, We have an

almost adiabatic process

« The heat of vaporisation of water is drawn from the air stream, which is
thus cooled and humidified

* The theorical lowest temperature (t,,,) reached by the air is its humid
temperature (t,;, ,)
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IEC : Indirect cooling of air by evaporation of water

Water is flowed
in the wet canal 6

The "IEC" process, or "indirect"
evaporative cooling, is so called
because an air-to-air plate
exchanger has been integrated
between a primary air flow and a
secondary air flow.
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Evaporation of water in a plate heat exchanger
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The evaporation of the water that runs off the plates is achieved by the heat coming
from the primary air flow, which will thus cool.

In the secondary air flow, we have a simultaneous transfer of steam and heat
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IEC : Indirect cooling of air by evaporation of water',l
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|EC : air cooler

There are several IEC air cooler configuration with one or two plate air/air
exchangers that can be counter-current or cross-current.
The IEC air cooler can be separated (autonomous) or integrated in AHU.
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Exchangers can operate in wet mode with sensible and latent heat exchange
or in dry mode with sensible heat exchange only.
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IEC : air cooler
Two Heat Exchanger with wetted plates

AirH20
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IEC : air cooler
Two Heat Exchanger with wetted plates

The simulation of the IEC air cooler is made on base of this Input conditions

e air flow 5000 m3/h = 1,636 kg/s

* OQutdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

* Secondary supply air or return temperature from the room t, set at 25°C/ 0.012 kg/kg /60 %

¥]2 ¥]= ¥4 s ™e M- ™ s el T e o
t’l thE02;prim;5u Tw b;HEQZ; prim;su tdp;HEUE;prim;su tZ t3 Tw b;HEQ1;second;su t4 t(:‘» tS
[C] [-] | [C] | [C] | [C] [C] [C] €1 | €] [ [C]
35 0.2 18.69 8,707 | 20,78 | 19,58 19.49 25 2391 | 19,87
35 0.3 21,38 14,84 | 20,79 19,59 19.49 25 2393 | 19,87 :
35 0.5 26,02 23,02 | 20,82 19,59 19.49 25 2399 | 19,88 |
32 0,2 16,81 6,252 | 20,57 19,43 25 23,05 19,81
32 0,3 19,25 1227 | 20,58 S 19.49 25 23,07 | 19,81
32 0.5 23,56 20,28 20,6 19,57 19,49 25 23,11 19,82
30 0,2 15,55 4613 | 2042 19,56 19,49 25 2249 | 19,77
30 0,3 17,84 10,55 | 20,43 @ 19,56 19,49 25 225 19,77
30 0.5 21,91 18,45 | 20,44 13,56 19.49 25 2253 | 19,78
30 0.6 23,74 21,39 | 20,45 13,56 19.49 25 2254 | 19,78

The outlet temperature t;= 19.6°C
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IEC : air cooler
Two Heat Exchanger with wetted plates

The simulation of the IEC air cooler is made on base of this Input conditions

e air flow 5000 m3/h = 1,636 kg/s

e Qutdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

* Secondary supply air or return temperature from the room t, set at 25°C/ 0.010 kg/kg 50 %

L F - adl ™: ™ ™ ™ ™ ™o ™
ty | ™ueoz.primsu | TwoHEOZ primsu | tdp;HEOZ primsu|  t2 ts | Twh:HEO1:second:su | ta ts tg
[C] [] [C] [C] [C] [C] [C] [C] [C] [C]
35 0.2 16,69 8,707 | 1947 18,03 17.9 25 22,93 18,44
35 0.3 21,38 14,84 | 1948 | 18,03 179 25 22 96 18,45
35 0.5 26,02 23,02 | 19,52 s 17.9 25 23.02 18.47
32 0.2 16,81 6,252 19.24 | 18,01 171.9 25 2207 18,38
32 0,3 19.25 12,27 | 19,25 EES 17.9 25 221 18,38
32 0.5 23,56 2028 1926 18,02 17.9 25 22,14 18,39
30 0.2 182.55 4613 19.08 18 17.9 25 21,51 18.33
30 0.3 17.84 10,55 19,09 18 17.9 25 21,52 18,34
30 0.5 21.91 18,45 | 19,11 18 17.9 5 21,55 18,35
30 0.6 23,74 21,39 | 19,12 18 17.9 25 2157 18,35

The outlet temperature t; = 18°C
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IEC : air cooler
Two Heat Exchanger with wetted plates

The simulation of the IEC air cooler is made on base of this Input conditions

e air flow 5000 m3/h = 1,636 kg/s

e OQutdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

* Secondary supply air or return temperature from the room set at 25°C/ 0.012 kg/kg / 60 %

¥z ™= ™ ™= ™= ™ ™z ™= ™ ™
L thEDZ;prim;su Iy Tw b;HEO1;second;su Ouseful QIEC Wfans Cl::)F'}Us.ftful COPIEC Mw
[C] | [] [C] [C] L L O L | | [ka/s] |
35 0,2 19,58 19,49 9068 25807 1643 652 | 15,71 0,01081
35 0,3 19,49 9064 25504 1655 5477 15,59 0,01085
35 0,5 NS 19.49 9057 25797 16861 5389 | 1535 0,01095
32 0,2 = 19,57 19.49 9094 20812 1630 5.5 12,77 0,00941
32 0,3 S 19.49 9091 20809 1640 5543 | 1269 0,00944
32 0,5 19,49 9087 20804 1661 b47 12,52 0,009501
30 0,2 | 19,56 19,49 9112 17482 1622 562 10,78 0,008479
30 0,3 | 19,56 19,49 9111 174380 1631 5,587 10,72 0,008502
30 0,5 | 19,56 19.49 9107 17477 1649 5,622 10,6 0,008548
30 0,6 ' 19,56 19,49 9105 17475 1659 5,49 10,54 0,008571

The COP useful is about = 5.5 and the COP IEC from 10to 15
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IEC : air cooler
Two Heat Exchanger with wetted plates

The simulation of the IEC air cooler is made on base of this Input conditions

e air flow 5000 m3/h = 1,636 kg/s

* OQutdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

* Secondary supply air or return temperature from the room t, set at 25°C/ 0.010 kg/kg 50 %

1 ™2 ™= ™« [ S s ., M7 . ¥]s et | w0 [

ty thEﬁz;prim;su t3 Tw b;HEQ1;second;su Ous.-?.ful QIEC Wfa ns COPUseful CC“'PIEC: M W

(€] | [-] [C] [C] L L L 7 | [kg/s]
35 0,2 18,03 7.9 11668 28408 1630 7,16 17.43 0,01248
35 0,3 18,03 17.9 11664 28403 1642 7,103 17,3 0,01252
35 0,5 185,04 17.9 11655 28394 1667 6,989 17,03 0,01262
32 0,2 18,01 17.9 11699 23417 1617 7,236 | 14,48 0,01107
32 0,3 18,01 17.9 11696 23413 1627 7,189 14,39 0,01111
32 0,5 18,02 17.9 11689 23407 1645 7,093 14,2 0,01118
30 0,2 18 17.9 11721 20091 1608 7,287 | 1249 0,01015
30 0,3 18 17,9 11718 20088 1617 7,245 12,42 0,01017
30 0.5 18 17.9 11713 20083 1636 7,16 12,28 0,01022
30 0.6 18 17.9 11710 20080 1645 717 12,2 0,01025

The COP useful is about = 7 and the COP IEC from 12to 17
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IEC : air cooler : limit of temperature

The theoretical limit of cooled air is the humid temperature of the secondary
inlet air t, : 25°/0,012 =» wb = 19,49°C and 25°/0,010 =» wb =17,9°C

The small difference between the outlet temperature (t;) of the air and the
humid temperature of the secondary inlet air (t ,, secondary su) iS due to the high
efficiencies of the heat exchangers, which is too optimistic and will need to be
reviewed

If the temperature limit was the dew point rather than the wet temperature,
colder water could be produced and therefore allow wider use of the system.
The dew point temperature dp is therefore a goal, and we will see how to

approach it. A wbedp = 437°C
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IEC : air cooler : Objectif dew point (dp)
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Part of the cooled primary air - point 2, is used
as secondary inlet air into the evaporative
exchanger, where the air will evolve towards
point 3 along the saturation curve.
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IEC : air cooler : Objectif dew point (dp)

Exhagst alr
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The cooling limit temperature is now the dew point temperature (dew point or

dp) of the inlet air (1) which is lower than its wet bulb temperature (wet bulb or
wb)

The closer point A is to the saturation curve, the closer the wet bulb temperature
is to the dew point temperature
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling

R2 closed and R1 and R3 open
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Humidity Ratio

|EC : air cooler

Two Heat Exchanger with wetted plates and recycling
AirH20
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling

The simulation of the IEC air cooler is made on base of this Input conditions

air flow 5000 m3/h = 1,636 kg/s

air flow recirculated = 0,818 kg/s

Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

Secondary supply air or return temperature from the room t, set at 25°C/ 0.012 kg/kg /60 %
roeve | Mrocee b tg s Y

2 3 ™+ M™s, e, [ 10 [ 12 12 ¥
Myeoz{ T woHeoZ:pltdp:HE0Z] Mprim | Musefui 4 t TwoHEo1sd la
[ [Kg/s] | [kg/s] [-] [kg/s] [C] [C] [C] [C] [C] [C] [C] [C]

3| 02 18,69  8.707 | 2454 1,636 0.5 0.818 35 (19,79 pEEE=. 11,25 | 17,28 25 | 2242 1874 | 2319
35| 03 2138 | 14,84 | 2454 1,636 0.5 0.818 35 20,23 | 17,28 15,71 | 18,73 25 | 251 | 1924 | 2353
35| 05 26,02 1 23,02 | 2454 | 1,636 0.5 0.818 35 121,21 . 22,64 2185 25 | 2394 | 20,31 2431
32| 02 16,81 | 6,252 | 2454 1,636 0.5 0.818 32 (19,46 RS 9.682 | 16,7 25| 2223 1855 | 2226

Esed
HEQZ; prim
[C]

"= ™= ™ 14 ™15 ™. ]

wa;HEDZ

14 i7 E
T F

32| 03 1925 1227 | 2454 1636 05| 0818 32 1982 1593 137 1792 | 25 2264 1895 | 2253
32| 05| 2356 2028|2454 1636 05| 0818 32 2062 | 2041 2031 | 2048 | 25 | 2349 1983 | 2315
30 02 1555 4613|2454 1636 05| 0818 30 1924 | 1283 8717 | 1634 | 25 2212 1844 | 2165
30 03 1784 1055 | 2454 1636 05| 0818 30 1956 | 151 1243 | 1742 | 25 2247 1879 | 21389
30 05 2191 1845 2454 1636 05 0818 30 2025 1919 1868 | 1967 | 25 2322 1955 | 2241
30 06 2374 2139 | 2454 1636 05| 0818 30 2063 | 211 2132086 | 25 2361 1996 227

............................

The outlet temperature t;= from 14.5°C to 22,4 °C
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling

The simulation of the IEC air cooler is made on base of this Input conditions

air flow 5000 m3/h = 1,636 kg/s

air flow recirculated = 0,818 kg/s

Outdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

Secondary supply air or return temperature from the room t, set at 25°C/ 0.010 kg/kg /50 %

. M s [l S I (P s [ B s, M Mw Mn M M M M Me M M
Tueoz:pri{ MHE02] TwiHEoZ pltap:HE02] Mprim | Musetul| Frecire | Mrecie | ty ts  |TwoHeotsd ta tg ts  [Twoheoz| 7
[C] [-] [Kg/s] | [kg/s] [-] [kg/s] | [C] | [C] | [C] [C] [C] [C] [C] [C]

35 02| 1869 8,707 | 2454 | 1,636 05 0818 35 186 1397 1102 1646 | 25| 2215 1739 | 2235 |
35 | 03| 2138 1484 | 2454 | 1636 05 0818 | 35/19.06 | 16,78 1553 | 17,95 25 | 2264 | 179 | 2269
35 05| 2602 2302 2454 1636 05| 0818 352007 2187 2273 | 21,09 25 | 2369 19.02 | 2346
32 02| 1681 6252 2454 1636 05 0818 | 32[1826| 1297  9.437 | 15,86 25 | 2195 1719 | 2142
32 03 1925 1227 | 2454 | 1636 05 0818 321863 154 1349 17,11 25 | 2236 1761 2169
32| 05| 2356 2028 | 2454 | 1636 05 0818 32 1946 1995 2017 19,71 25 | 2323 1852 | 223
30| 02| 1555 4613 | 2454 | 1636 05 0818 | 301803 | 1236 8461 | 1548 25| 2182 | 1707 | 208
30 03| 17,84 1055 2454 | 1636 05 0818 30 1836 1456 1221 166 25 | 2219 | 1743 | 21,04
30 05| 2191 1845 2454 | 1636 05 0818 30 1908 187 18,52 18,89 25 | 2296 1823 | 2156
30 06| 2374 2139 2454 | 1636 05 0818 30 1946 20,65 21,17 20,09 25 | 2335 | 18,66 | 21,85

The outlet temperature t;= from 14°C to 22°C

19
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling

The simulation of the IEC air cooler is made on base of this Input conditions

e air flow 5000 m3/h = 1,636 kg/s

 air flow recirculated = 0,818 kg/s

* OQutdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

* Secondary supply air or return temperature from the room t, set at 25°C/ 0.012 kg/kg /60 %

™ ™ M+ s, e M7 2 ™= 4, M e 7o ™
THEUZ;prirr thEO2; wa;HEDZ;ptdp;HEDZ Il“'Illprim rwlus.e:ful Frecurc remrc wb;HEQ1;2econd;su Quseful QIEC Wfans COPUsefuI COF’IEC: Mw
[C] [] [Kg/'s] | [kg/s] [] [kg/s] [C]j [C]E‘ [C] !‘ W] [W] !I [W] [-] [] E} [kg/s] |
3| 02 18,69 | 6,707 | 2454 | 1,636 0.5 0,816 35 11,25 26348 51458 4197 6,278 12,26 0,01848
35| 03 21,38 | 14,84 | 2,454 | 1,636 0.5 0,816 35 R 15,71 19378 44487 4251 4 558 1047 0,01642
35 0.5 26,02 | 23,02 | 2,454 | 1,636 0,5 0,818 35 s 22,84 6570 31679 4365 1,505 7,258 0,01243
32| 02 16,81 | 6,252 | 2,454 | 1,636 0.5 0,818 32 RS 9,682 28802 46379 4150 6,94 11,18 0,01707
32| 03 19,25 | 12,27 | 2,454 | 1,636 0.5 0,818 32 s 13.7 22778 40354 4195 543 9,62 0,0153
32| 05 2356 | 20,28 | 2,454 @ 1,636 0.5 0,818 32 | 20,41 20,31 11535 29112 4288 2,69 6,789 0,01186
30| 02 15,65 (4,613 | 2454 | 1,636 0.5 0,818 30 8,717 30298 42853 4120 7,363 10,4 0,0161
30 0,3 17.84 | 10,55 | 2,454 | 1,636 0,5 0,818 30 15,1 12,43 24855 37409 4160 5,975 8,993 0.0145
30| 05 21,91 | 1845 | 2454 | 1,636 0,5 0,818 30 RS 18,68 14600 27155 4241 3442 6.402 0,01139
30 06| 2374 2139 | 2454 1636 0.5 0818 30 | 211 213 9788 i 22343 1 4284 2285 5,216 0,009868

The COP useful is about = from 1,5 to 7,3 and the COP IEC = From 5 to 12

Atic . ))))f
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IEC : air cooler
Two Heat Exchanger with wetted plates and recycling

The simulation of the IEC air cooler is made on base of this Input conditions

e air flow 5000 m3/h = 1,636 kg/s

 air flow recirculated = 0,818 kg/s

* OQutdoor climatic conditions : 35°/30%/ 0,0105 kg/kg/21,38° wb / 14,84° dp

* Secondary supply air or return temperature from the room t, set at 25°C/ 0.010 kg/kg /50 %

™ ™ ™« M™M=, M= M7 ™= ™s ™ ™ ™z | Inad RE 1 ™15 hd BT ™ [
TH EO02Z;prim thEOZ; wa;HE02;p tdp;HEl]Z r\"Illprim Museful FI’&GiI’C recirc t‘l tZ')‘ wa;HEB1 ;second;su C1us;efu| QIEC Wfﬁns CDPU seful COPIEC Mw
€ | o [Kassl | kais] | [ | [katsl | 1€ | [c] [C] W W] W] M M [kgs] ‘
35| 02 16,69 | 8,707 | 2,454 | 1,636 0.5 0.818 35 s 11,25 26348 51458 4197 6,278 12,26 0,01848
3d 03 21,38 | 14,84 | 2454 | 1,636 0.5 0,818 35 | 17,28 15,71 19378 44487 4251 4 558 10,47 0,01642
35 05 26,02 | 23,02 | 2454 | 1,636 0.5 0,818 35 2238 22,84 6570 31679 4365 1,505 7,258 0,01243
32 02 16,81 | 6,252 | 2,454 | 1,636 0.5 0,618 32 S S 9,682 28802 46379 4150 6,94 11,16 0,01707
32| 03 19,25 | 12,27 | 2,454 | 1,636 0.5 0.818 32 i B0 22778 40354 4195 543 9,62 0,0153
32 05 2356 | 20,28 | 2454 | 1,636 0.5 0.818 32 | 2041 20,31 11535 29112 4288 2,69 6,789 0,01186
30 02 15,65 | 4613 | 2,454 | 1,636 0.5 0.818 30 2185 8,717 30298 42853 4120 7,353 10,4 0,0161
30 03 17,84 | 10,55 | 2,454 | 1,636 0.5 0,818 30 151 12,43 24855 37409 4160 5,975 8,993 0,0145
30| 05 21,91 | 18,45 | 2454 | 1,636 0.5 0,818 30 [puiSs 18,68 14600 27155 4241 3,442 6,402 0,01139
30 06 23,74 | 21,39 | 2454 | 1,636 0.5 0,818 30 24 1 21,3 9788 22343 4284 2,285 5216 0.009868
The COP useful is about = from 1,5 to 7,3 and the COP IEC = from 5 to 12
Atic ‘))ij
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Water cooling



Cooling Towers

Previous processes (IEC air cooler) were designed to cool air. We will now
look at processes designed to cool water with cooling tower.

In office buildings and industry, cooling towers are used to cool water from
condensers in refrigeration machines.

But it can also be used to produce cold water when climatic conditions
allow, known as "free chilling".

It is possible to produce cold water for a longer period of time even when
the external climatic conditions no longer allow free chilling.

L ]
At | C \l/
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The principle of a cooling tower
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/ ‘ > | RRRRE
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" COOL
Fig.1 Temperature Relationship Between Water and Air WATER
in Counterflow Cooling Tower o I Makeup
' waler

The lowest theoretical cold-water temperature that can be produced is the wet
bulb temperature of the outside air or the air entering the tower. But the actual
temperature of the water leaving the practical devices is about 3 to 4° higher
than the temperature of the wet bulb of the outside air

Atic ))))f (this is known as the tower selection approach) .
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« Free » Chilling
ﬁ air secondary

o T circuit pump
‘ Tpr Sr typical 18°C
V VvV VV R e
open o e
counter ; E chilled
flow g counterflow calling
cooling range P Elate or other
temperature K - eat i
tower i 5
i 1 | exchanger C(ig;l;c
fan  P— ________ Tp[' : E Tsf typical 15°C \
_________ T s >
1 1
———————— ' '
adiabatic saturation primary : :
temperature or wet circuit : :
A bulb temperature of pump I i
ambient air at inlet T : :
T ! |
as pa
/Wb = 12°C primary approach : :
= temperature K —— :
I
J I
sa i
secondary approach :
= temperature K =

Free chilling is effective up.to outdoor.temperatures of a maximum of 18°C (dry) or
wb = 12°C, which means that water can be produced at a minimum of 15°C,
compatible with terminal units such as chilled ceilings.

for HVAC professionals
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The indirect evaporative water chiller Includes = : ’ o oy
: : B
two main components: Waterchiller A |
. 0005 : - -
[1] the water-air counter-current heat » N
exchanger (coil) and W,
[2] the air-water counter-current evaporative " = " . - 0 4

heat exchanger: the padding or fill of the

tower
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Water sprayed at temperature t,, ., , flows
down from the top of the tower and is
cooled across the padding [2] by the direct
evaporative cooling process. The heat
required to evaporate the water is draw
from water, which finally reaches the t,
temperature at the bottom of the tower.

The water flowing from the bottom of the
tower at temperature t,, .. is then split into
two streams: the smaller part of the water
is sent to the water-air counter-current
heat exchanger (coil) [1] to pre-cool the
incoming air, and the larger part is sent to
building terminals, such as fan coil units or
radiant ceilings, where it absorbs heat from
the building and then returns to the tower.
The return water flows from the two
streams are mixed at temperature t,, ., and
the cycle starts again
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the limit temperature of the water t, .,
leaving the evaporative cooler [2] is the
wet bulb temperature of the air : t; 4
9 tw,out> twb,A > tdpA
tuout = twpa + @aPproche
the limit temperature of the air leaving
the cooling coil [1] is the temperature
of the air dew point : ty, ,

tA 2> tdpA = tde

The closer point A is to the saturation
curve, the closert,, , is closer to t, ,
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IEC : t - Water Chiller
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Comparison between cooling tower and IEC water chiller
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The efficiency of water chiller is higher in dry climates.

The lower humidity, the lower the water temperature t
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IEC

* The characteristics and performances of the |IEC
Water Chiller will be explained in my second
presentation.

* In conformity with the rules of the annex, we don’t
have mention of manufacturers’ name
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